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Abstract

A tool has been designed, developed, implementdeaaluated that users can use in
a playful manner to specify their interests andgyences. This tool that can be used
to visually represent a categorized set of chord@ish manifest an approach for
going from the generic to the specific and dynatthiand visually model user
interests in these choices within a certain comgtst. The tool can subsequently
make suggestions to the user depending on the faddeterests of the user and the

associated constraints while the user feels empawehen using the tool.

In this project, as a proof of concept, this geliezd idea has been exemplified on
building a visual Dublin Tourist Planner, takingtplanning of a tourist’s visit to
Dublin into the digital age.

In particular, in this application, a potential Dinltourist can access a visually
intuitive, categorized and constantly updated kmealgk space of Dublin’s tourist
attractions, restaurants, pubs, theatres, cinetnaswer the Web. The application
then allows him to choose a selection of potetigbctions that he would like to see,
thereby creating his own personal user interestain@idDublin’s tourist attractions.
Finally, this information is used to recommendtte tourist possible sensible
visitation schedules that take into account theistaiinterests.

The finalized schedule and associated persondbktauap with directions can be
saved, printed out or downloaded onto various neadélvices, such as mobile
phones, PDAs etc. and possibly integrated withragbevices, such as booking and

reservation services.

The main gain for a tourist using this applicati®the dynamic, visual and playful
nature of planning his visit to Dublin with the dipption dealing with the less
interesting aspects associated with planning, asahe most suitable visiting order
regarding opening times etc. This means that teeasn concentrate solely on his
interests and preferences while accessing the laugel space of Dublin tourist

attractions.
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1 INTRODUCTION

“The traveller sees what he sees; the tourist sdest he has come to see.”
G. K. Chesterton (English born Gabonese Critic,
Essayist, Novelist and Poet, 1874-1936)

As G.K. Chesterton quote fittingly suggests, aigius a person who has expectations
to what he wants to see on his visit to a new plaodind out about the place that he
plans to visit, a tourist has several options. @twventional tourist would most
certainly visit a well-equipped bookstore and aogone of a choice of any 2007
edition of some Tourist Guidebook. The conventidoatist would then sit down,

read or skim through the text, compare his travglichedule with opening days and
times, locate and compare attractions by consu#tcmpmpanying foldout maps at the
end of the book, note down possible points of @geto visit, return to the textual
information, rearrange the order of attractionsesahtimes while he is adding other
interesting attractions etc. until he has negdiatsuitable schedule that satisfies his
time, monetary and other constraints. He might fhiek up the phone to call ahead to

ask for availability, make reservations, buy ticketr book seats.

However, with the rise of the internet and an alviangreasing connectivity, online
awareness and increasing online content, the tdagsbeen offered new avenues of
information acquisition and planning possibilitieke might now instead scan through
the internet and google pages for “Tourist Inforomdtor “10 top attractions” and
“Best Nightclubs” for his destination. He would thiee presented with a choice of
hyperlinked web pages to browse through contaimamly textual and visual
information about the specific attractions to seew@n an overview. There he can
also access information about more current evéatsatre not contained in a tourist
guide. In addition to this, he can easily locateaations on online maps such as
Google Maps with the addition of automatic way-fimgland route planning as well

as online services for checking availability, res¢ions and bookings.



A further development adding yet another new wagxgfioring a city has been
opened up by the availability of mobile deviced @@ linked to the internet, such as
mobile phones and PDAs and by the availabilitylobgl positioning systems on
such mobile devices. While the first aspect alléeovghe spontaneous look up of
information that is available on the internet whalethe go, the real value of mobile
devices in the tourist scenario has been realiggdibing the mobile online device
with a GPS device. Attaching tourist and other iinfation to geographic locations, a
process known as geo-tagging, has made possiblela more ad hoc mode of
discovering a city, making tourist information dahie depending on the tourist’s

actual location.

Nonetheless, even a modern web and location awarsst still has to solve the
problem of how to best use his available time t@dd see all the things that he is
interested in. He still needs to determine the reassfactory choice and visiting
order of attractions by constantly negotiating lesw his interests, monetary budget
and time to spend on each point of interest (P@d)tae portion of time tolerable as
travel time between POlIs in consultation with mapthe area while also considering
opening days and times. However, while the intehastmade a whole lot more
textual and visual information regarding tourigtattion to choose from available to
the tourist, simplified ways of finding the locat®and make reservations, there
exists a deficit in the way that the tourist’s net&ts are currently being captured, and
sensibly used to help him negotiate and plan afgatg visit to a new city. While
there exist some experimental tourist plannerselaee usually limited in the ways of
either how they present the information on attcacdiavailable to the user, or capture
user interests or use this information to planttheist’'s day. The information he is
presented with is very static and it is up to teeruo decide how to use it in planning
his visit and there is only little support in helgihim negotiating his schedule. It is
believed that it is possible to develop a new ambvative way of presenting
available information, capturing and modelling ansinterests which will then be

used in planning his visit which is more enjoyaleificient and personal.

Considering this scenario, it can also be seenthiggproblem of the tourist can be
generalized into a more general problem situatioparticular any situation

involving a choice of possible objects that areasged with one (or more) specific



constraint(s). Whereas in the case of the touhistchoices are the tourist attractions
and the most obvious limiting constraint would midstly be his available time or
money, many other situations exist where a negotidtas to take place between the
level of interest in a choice of objects and orrenfore) specific constraint(s).

It has been noticed that there is a deficit inlag a user’s interests are being
captured and modelled in general and that thesmasé often limited to the use of
textual information in combination with list stytop down boxes or tick boxes. It is
the aim of this project to target these limitatiom&n innovative fashion exemplified

on a tourist planning his visit to Dublin.

1.1 Goals

The overall goal of this project is to design, depeimplement and evaluate an
innovative user interface that users can use iady manner to specify their
interests and preferences. The aim also inclugddtie user should feel empowered
while using the tool; it should engage him and miaike feel in control of his

experience.

This tool will manifest an approach for going frehe generic to the specific allowing
users to describe their interest or preferenceppsopriate.
This goal will then be realized on the specificrepée of a Dublin tourist, resulting in

a tool that would help a tourist plan his own peedized sight seeing day in Dublin.

In detail, the first goal is to investigate a neaywof an intuitive representation of
available choices which could then be used to playand enjoyable capture a
person’s individual interests and preferences ésehchoices. Thereby care will be
taken, that the information presentation is kepipde as to not overload the user with
textual and visual information, but at the sameetatiow the user to browse through
and delve into more detailed information at hishwidn the example of a tourist,
these choices would represent tourist attractitmsa@d his interest in them would
represent how important is it to him to visit chosdtraction. In addition, the tool
should be able to capture how long he would likegend visiting it.



The innovative user interest capturing tool shaléwh be able to capture his interest
in a choice in comparison to all the other cholze$ias an interest in, i.e. in the
tourist example, it should also be able to mode& lmportant is it to him to see this
attraction in comparison to visiting other intenegtattractions. This eventually
comes down to how many of the other possible isterg attractions is he willing to
sacrifice for this specific one and how much traweke between attractions does he
tolerate to see this specific attraction.

It is important here that the user interest mosl@hodifiable and adjustable by the

user throughout the planning process.

The second goal of this project is to investightefeasibility and usability of this
new and innovative way in capturing and modellingsar’s interests and preferences

in the aforementioned choices by exposing it tbusars and getting their feedback.

Thirdly, the user built interest model should dsoconsumable by another service,
which can then dynamically and sensibly use théurag interest information to
suggest a possible sensible outcome taking intoustdhe interest levels of the
choices and the specified limiting constraint. T¢esvice will most inevitably be
specific towards the domain that this tool is baisgd for. In the example of the
tourist this service would be a planner which wake over all the less interesting
aspects of planning a tourist visit that the tdusisuld otherwise have to deal with
himself, such as checking the opening times, figdiomparing locations on maps to
find the most suitable visiting order, enquire éaaility, make reservations etc. and
suggest a possible visiting agenda. It is hopettkienew and innovate way of
planning will give the user a more pleasant expegeover the planning process. It is
envisaged that this tool will allow the user tdywoncentrate on and negotiate with
his interests and preferences while enabling histdy in total control over the

decisions that are being taken.

Later on in the project, the scope of the projext been slightly expanded to include
a suitable and useful output representation. kgpecific case, the output for the user

was to be integrated with a dynamic online map pid



1.2 Approach

Central to this dissertation project is an improaed personalized user experience

with respect to interest modelling on the exampla Dublin tourist planning service.
In this sense it is really important to achieveeptonal usability of the tool with the

user keeping control over the decision taking psec all times while making the

decision taking easier for the user.

Because the user experience and usability of thleate so important for this project,
it was decided to start by spending some time onkiting up suitable visual
metaphors for firstly the representation of theilabdlity of items, secondly for
displaying a constraint associated with these ifemd thirdly for the level of interest

as expressed by the user.

Once some suitable concepts have been found anasded, it was decided to create
a mock-up in an easily accessible technology. €asan for creating this mock-up
was to quickly introduce a test group to these ®as, and to gather their opinions
on the suitability of the metaphors and to deteatire envisaged usability of the
tool. It was anticipated that the evaluation wogikke an early feed-back of the ideas
which can then be used to make necessary modificain the design of the software
before implementation was started. In parallelemegal architecture design was
devised for the tool leaving open the details efdlesign until after the early
evaluation, while considering and familiarizing lwjgtossible technologies for specific
parts of the system. Once the design was finalized,implementation was started,
inevitable changes had to be made to the initisigihedue to issues encountered
while implementing. The final tool then underwergezrond round of evaluation by a
sub-group of the original test group and an addgianexposed group to get a real
sense of its usability and feasibility for captgyim user’s interests and preferences.

Although some parts of the project are unavoidgelgred towards a specific domain,
in this example the tourism domain, it is envisatied the visual interest modelling
tool could be used for and applied to many domdihsrefore, care has been taken to



design and implement the tool with a view to kegpiras general as possible and

only go into specifics where needed.

1.3 Roadmap

Chapter 2 will describe the state of the art, liyratith respect to the concept of user
interest modelling in general and then with respeearious modern online and
mobile tourist planning services in specific, sooh&hich have been implied already

in this introduction.

Chapter 3 will then describe the steps from howgth& of creating a user interest
modelling tool was converted into a specific desigwill particularly concentrate on
an early mock-up of the tool, whose evaluationtbeen very helpful in designing the
actual tool. In this chapter | will also discussngoof the key design decisions that

have been taken.

The 4" chapter is concerned with how the aforementioressignh of the tool has been
transformed into an actual implementation, the |@mis encountered whilst

implementing and the final solutions chosen.

In the &" chapter, a critical evaluation will be recountexiploiting the results of the
final user experience evaluation of the applicatioraddition, due to the intertwining
of the user evaluations and resulting improvemaggsstions, this chapter will also

contain a section detailing necessary and poskihlee work to be carried out.

And finally, in chapter 6, a conclusion will be dnawith regard to the success of the
evaluation, the aims mentioned and the goals aetliand a discussion of the

applicability of the tool for other examples.

Chapter 7 contains a list of resources and refexetiat have been mentioned
throughout the text.
Some security considerations can be found in Apped



2 State of the Art

This chapter first introduces the state of theo&rtser modelling with specific
emphasize on user interest and preference modelfiddhen describes some of the
available information sources and planning faeifitfor tourists with a specific view
on Dublin if available. These will be describednfréraditional, to web-based
planning ways to more interactive assisted plantoragctually spontaneous

techniques which involve minimal amounts of plamgnin

2.1 State of the Art of User Interest and Preference Modelling

A user model contains explicitly modelled assumpithat represent the
characteristics of the user which have been deegeledant to the system [Fink,
Kobsa, and Nill, 1996]. A user interest and prafeeemodel, therefore, can be seen
as a subset of a user model as it is only concemitednodelling the following two
concepts with regard to a user: Firstly, it modeésinterests of a user in objects or
concepts (this can be a qualitative or binary attarastic) and secondly, it models his
preferences in these interests (a quantitativeachenistic). This model can, however,
be expanded to include further information, whiabwd resulting in a more detailed
user model. User interest and preference modedlilogys the system to personalise

the desired output.

Research has mainly concentrated on modelling rawieregards to some concept
or area and how the information required for thecdfr model can best be extracted
and collected from the user. Assumptions basethisnriformation are then used for
the desired purpose. The validity of these assumgtis determined by the technique
used to acquire the information. Automatic modelliechniques by the system can
be unreliable. Also, it needs to be emphasizedahginferences made by the system
about user characteristics are ultimately a guesgihoza and Hook, 1995].
Information from the user model is then used teritis goal; in the case of tourism
the global goal is to construct an itinerary thesgttreflects his interests in a constraint

situation.



A limiting factor towards constructing a completeumodel is often associated with
a large overhead in modelling these properties.tetgugh questionnaires etc. which
is often a main limitation on creating a compleserunodel. Therefore, it is important
to find those properties that have the largest chpa the personalization of the
system. Several more or less accurate and investtaiques are available to acquire
the specific information needed to model users. @rtke simplest ways of user
modelling is to create fixed stereotypes [Rich,q]98lew users are categorised and
the system will personalise the output based ordlegory that has been set for the
user. An example of how this could be used in tuans to categorize the tourist by
age, social standing and income. However, carédhlas taken that the categorization
is good, because a tourist is a multi-faceted petisat might not be easily

stereotyped.

Another way of modelling is by using an overlay rebavhich is widely used in
adaptive hypermedia systems in the educational ohormathis approach, a model of
the learner’'s knowledge is created on a concepteamgept basis and updated as the
learner progresses through the system. The estimatia learner’s knowledge is

built up by examining the section the learner leesirand the tests he has completed.

In many cases, the stereotype and overlay techsiojueser modelling are combined
in educational adaptive hypermedia systems. Whisridlthe case, the learner will
first be categorised as a stereotype and thembdsl is gradually refined as the
overlay model is built from information acquire@rn the interaction of the learner

with the system.

As the validity of assumptions taken depends ortgblnique used to acquire the
information, collaborative and cooperative modgjlis frequently used. This means
that the user describes relevant characteristresttyy and can provide feedback

directly to the system by filling out questionnai@nd forms.

Some more implicit approaches to acquire and refiraiser model include
observing the user’s interaction with the systeh serutinizing the information

which the user requests from a database or repp$ikass and Stadnyk, 1992]. For



example, in the eLearning domain, the system intlylimfers all information needed
from the learner’s interactions with the systeme thawbacks of this approach are
the time required to build an appropriate learnedeh and the inherent lack of
confidence in it as all information comes from iefiece of user actions. This can in
some cases be alleviated by combining this appradétbhthe stereotype approach

and later refining the model using an Overlay Model

Another approach is to explicitly ask the userifdormation [Kobsa, 1993] through
means of questionnaires and tests which usuallylveva lot of text, and may contain
drop down boxes with choice of answers, click botiek boxes, ratings on scales
etc. which have to be carefully used without pramgkmpatience. This approach
however can often yield more accurate resultsshater time, but requires the user
to interact with the system before the real purpiidbe system can be enjoyed.
However, on the up side, giving the user the ghititmanipulate how the system
adapts towards his needs, makes the user feelsimooatrol of this process. Giving
him more direct access to the user model givesnhare confidence in the system

and the personalization process and supports iadgeafl ownership.

There is a delicate balance between the two typewdelling. The more properties

of a user that can be modelled, the better perzatian can be achieved. However,
the overhead associated with explicit modelling mmake the user impatient with the
modelling process. On the other hand, if all infatimn was modelled implicitly, the
user may not have enough confidence in the syshtehb@ecome frustrated because he
has no control over the modelling process, esggafdhe modelling inferences

taken are not accurate enough.

In an eLearning application developed in TCD [Canf2004] figuring out how much
control the user would like in customization, apgneately 40% of the students
stated that they would like more control over tleespnalisation process and the
content included as a result of this process. fidsalt indicated how important it is

for users of a system to feel in control.

Another group [Petrelli, De Angeli, and Convertid®99] has implemented a user

modelling component supporting a task-based interfa a hypermedia information



system for hospitals and tested it under realcsimditions. Their approach for user
modelling focuses on the tasks performed by usieatiows adaptive browsing

support for users with different level of experienand a level of adaptability. Their
analysis showed that the differences in the infoionaneeds of users with different

levels of experience are not only quantitative, duailitative.

One group [Reiter, Sripada, and Williams, 2003Jcdéss their experiences in
acquiring and using limited user models in the dono& Natural Language
Generation (NLG) in four different systems. Realgzthe promises of NLG requires
an accurate and detailed user model and in pratitea be difficult to obtain
detailed information about the expertise, backgdytasks, goals, and so forth of
individual users. In each system they tried a daffi approach to acquiring
information about users for NLG systems, which bardescribed as the following
concepts: “User in Control”, “Ask the User for Keyformation”, “Domain Expert
Creates a Model”, “Obtain Model by Testing Useta"the IDAS approach, the
system generates an output from the limited infoionaf available and lets then
allow the user to request additional informatidaritications, etc. In STOP they
used an explicit approach by asking the user terentodel. Questionnaires were
used to elicit the information needed. A problenthwhis approach was that it only
works if the user understands and can answer tastigns. Their found that a
guestionnaire can work well if only a small amoahtvell- structured information is
needed and if it is believed that users have (atigpmvide) this information. In the
SumTime-Mousam system they explicitly asked a dareapert to construct a
model. A domain expert would meet with users asguls their needs and
constraints, and from this develop a user modehfeoftware system. In GIRL, they
tried to implicitly infer a model from a standarslsassment test. To build a model of a
user’s skills they tested the user’s performanca sat of tasks, using an
independently developed assessment test. Theyudettthat similar to the
guestionnaire approach, the method is more suitabtdy a small amount of
information is needed.

In summary it was concluded that none of the apgiressseemed generally
applicable, but all would probably work better aus can easily understand their
models, so that they can edit their model or atlbatter understand what the system

is doing. Under some circumstances this could afjeaple to edit and thus directly
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control their model; even if this is not possihisers are likely to be more helpful in
the model acquisition process if they understand the model is going to be used.

Kay [Kay, 2001] suggests that user models shoulttmitable”, i.e. understandable
and modifiable to the user, because (among otlvagsjthis allows users to

understand what the system is doing and to comestakes.

Another group [Chin and Porage, 2001] that had esognized how hard it is to
build complete and accurate user models has implezdean approach for explicit
information retrieval using a novel approach tHaverly reduces the amount of
guestions needing to be asked but still being tbéeeate a sufficiently accurate user
model. They applied this novel type of user prefeesacquisition to the mass
customization domain which often uses multi-attrébutility theory (MAUT) to

model customer preferences for products. In MAUGheatribute has an importance
weight (the utility of the attribute relative tohatr attributes) and a value function (the
relative utility of different values of the attrite). Using MAUT, the best product
maximizes the utility of the variable choices wtstél satisfying global constraints, if
any. Unfortunately, most methods of acquiring MAW®@ights and utility functions
require asking the user too many questions aneéfibrer stretch their patience.

As a solution, they came up with a tool called lomhich uses approximation
methods that determine which product specificatemesmost important to the client,
identify the client type (stereotypes), and take eccount the context (purchase
situation). In lona, the user is first queried &msolute/preferred constraints and
categorical preferences (the most important prodoictponent specifications) to
reduce the product pool by those components tloédtei these constraints. Next lona
selects queries to maximally reduce the utilityanteinty of the remaining product
choices. These queries include stereotype memipeftshiefine the utility estimates
of the choices) and contexts (the purchase situjafidhe stereotypes membership is
used to determine people’s general preferencesdiegaa product. The usefulness of
a query is based on the reduction in uncertaintghited by the likelihood that the
user belongs to a stereotype/context based onasityito the current user model.

The query with the highest usefulness is asked tnatiusefulness of the best query is
below the threshold of user impatience, whichnsilgir to the nuisance factor used in
RADAR [Raskutti and Zukerman, 1994 & 1997]. A chwis selected for each part of

the product when the usefulness of asking a qeeiBss than the cost of querying.
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Finally binary integer programming is used to setbe best product for the user.
They implemented their approach on an examplet@vael planner in the domain of
custom travel packages for Hawaii, where custonumas concerned with lodging,
restaurants, activities, and transportation. Cairds are divided into
absolute/preferred constraints, categorical pref@g, and inherent constraints. The
user provides absolute/preferred constraints, asdhe town where they want to stay
or an activity they would like to pursue, e.g. Kayg. When the user does not
provide absolute/preferred constraints that adedyatduce the set of alternatives,
he is asked for categorical preferences (e.g.@aaypreferred cuisine).

Attributes have classification hierarchies suckliaicts are parts of towns which are
parts of counties, which are parts or a countrycWiis part of a continent etc.
Inherent constraints include unary constraints/éorable instances (e.g. availability
of an activity at a location) and binary constraibétween variable instances (e.g.
restricting possible activities to the same loadtid he product constraints are
transparent to the customer and allow users t@ousé products without extensive
knowledge of the product.

They also compared the Travel Planner prototypk aétual face-to-face travel
planning using the same database and found thédkeo-face planning took
considerably longer than the Travel Planner intevacA lot of face-to-face time was
spent providing the client with attribute valueglisat the client could make decisions.
In lona, the program makes the decisions, so tkataloes not need to know
attribute-level information such as which hotelsdacean views and the price of the
different restaurants. Also, in the face-to-fadenaction a lot of time was spent on
determining the client’s importance weights andiedLinctions (e.g. the client’s
relative valuation of better food versus lower priespecially when the client’s
preferences did not agree with the agent’s pret&®n This is avoided in lona, since
lona gets attribute weights and value functiona$ling about stereotype
membership.

2.2 State of the Art of Planning a Sightseeing Itinerary

2.2.1 Paper-based information
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Walking into any good book shop, you can usualtgfa good assortment of tourist
guides from a selection of publishers of any carithcountry or city, often with
different focuses. Some would have a lot of text atiners would have a lot of
pictures, most would have both. All would contaiformation about points of
interest, their opening days and time and entry &l other information and most
would come with some kind of maps printed throudhba book or attached at the
end of the book. Some examples for Dublin wouldhee“The Lonely Planet Dublin
City Guide” [Davenport, 2006], and “Dublin Encountguide” [O’Carroll, 2007] or
“This Is Dublin: Pocket Guide & City Map” [Plunkett999] or “Dublin” [Gallagher,
2005]. Other print media with tourist informatiomvolve leaflets available in tourist
information offices detailing specific package guidurs or events that have not been
available at the time of printing of tour guides¢ls as concerts, exhibitions, shows

etc.

Paper-based tourist guides have the advantaggdbhatan easily take them with you
and they can be accessed all the time, in the rapgite places. However, as all
printed information, they have one big disadvantagen at the time of printing,
some of the information might have already beconoteobdate, such as a change in
opening hours or entrance fees. It is very hampifimpossible, to keep printed
tourist guides accurate and up to date. Similgniyted tourist guides usually do not
contain information about events that have beenngd after the time of print but
might just as likely be of interest to touristsglsias concerts, exhibitions or other
more spontaneous events. In addition, it is adotiér to extend a given tourist guide
to include new information or attractions or to nfgd in any other way. Another
disadvantage with print based tourist informat®woften that items that are described
need then to be located on the map when puttingttieg a sightseeing day to figure
out where they are located and what the most appteyrisiting order is for all the
things a tourist might want to try and see, i.er¢his often no continuity from the
description of the tourist attraction to the looatof the attraction on a map. Another
disadvantage is that they usually do not providehmassistance in putting together a
suitable sightseeing itinerary, but leave the psea#d figuring out what to see when,
where, for how long and in which order totally aythe tourist.
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2.2.2 Web-based information

Another source of tourist information that has meeorery popular over the recent
years is web-based information. Many tourists hewiched to gather tourist
information on the World Wide Web before they leaveeven while there are in the
new location, or use this information in conjunntiwith a traditional tourist guide
and printed maps. For Dublin itself you can findesal more or less complete

websites acting as portals of information to vasi@ublin tourist attractions.

One of the more recommendable Dublin tourist weksitain be found at [Visit
Dublin] The structure of the website follows a coomriechnique: The website is
logically divided into a top frame that containkigh-level list of items, in this case
“Accommodation”, “Entertainment”, “Events”, “See@o”, etc. as shown in Figure
1 below.

By clicking any of these items in the top list,ragldown list appears with
hyperlinked items in this category, which will alse displayed in the left hand side
frame. By clicking either any item in the drop doligt or in the left hand side list,
the actual tourist information about items in ttééegory is presented in the main
frame of the website.

For example, by clicking “Entertainment” in the tigwel list, this would result in a
dropdown list displaying: “Cafes”, “Comedy ClubsNightclubs”, “Pubs”,
“Restaurants”, etc. By clicking items on this lishe is presented with several pages
containing short descriptions of a comprehensstinky of Restaurants, Pubs and
clubs etc. in Dublin. The “Events” website also @oms a large list of current events
happening in Dublin. Or in “See & do”, the list thould be displayed includes:
“Dublin Tourism Attractions”, “Historic Sites”, “Mseums & Galleries”, etc. Clicking
on any of these items in the list results in siddrmation being displayed about
items in this category in the main window.

This short information usually contains a pictiaeustomer rating and a hyperlink to
a more detailed page. The detailed page then pewdtailed background
information about the tourist attraction as welbagning hours and entrance fees,
how to get there and a link to the actual webdithe attraction. A great feature of

this webpage is that it is also integrated with @edviaps and by clicking on a
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“Show this location on a map” button a pop-up wiwdaf Google Maps opens up

displaying the location of the attraction on thepmadich is accompanied by a short

description of the attraction. The website is @sgailable on phones/PDAs etc.

through iMode.

J Dublin Tourism - Museums & Gall... 3

i.\:our Ernail i [ Subseribe @ ] E-K-eyword

i [ Search %

Free Dublin Hewslettar

ACCOMMODATION

FINDER

Best Dublin Hotel De.

Dublin Tautism Attractions

Dublins Top 10

Museums & Galleries in Dublin
Famous Dublinets
Dublin has long been a centre of art and culbure, Apart from the large
callections af the Mational Museumn and National Gallery and Irish Mussum of
Modern Ark, the city also boasts many fine small private collections. The
range of art and artifacts is enarmous, and the visitor will have no problem
spending many hours enthralled.,
Below you will Find a list of Museums & Galleries in Dublin City and the
surrounding regions. Click on the 'more information' tab in order ka find aut
mare about any one of them,

Golfing in Cublin

Histaric Sites
Kids Dublin

Literary Dublin

Museurms & Gallaries ‘fou can also download Ceffer a free quide bo Irelands National Culkural
Institutions, {Adobe POF file, 2.24MB)

Parks & Gardens

Foints OF Interest

Choose from e list below, or
Regions OF Dublin

The Dublin Wiriters
luzeurn

Shopping

Sporks & Ackivitizs

Keyword || Szarch >

Refine by location: | Plesze Choose - !Drder by: | Fles:

-]

Study in Dublin

Tourist Offices

Tours

Art Alley
cfo 7 Seabury Wiew, Malshide, County Dublin

ekl

User rating:

Bridge Art Gallery

& Upper Crmond Quay, Dublin 7

Thiz gallery exhibits conkemporary ark and crafts,

User rating:

Encouraging art in Malahide by providing exhibition space for local artists.

Figure 1 - A typical tourist information website

Eest Dublin Hatel daals 2
special offers - save up to
709 on standard rates! Click
here!

»  Click Here

Meed 2 hotel in Cublin
tonight? Click hera For great
last minute deals!

¥ | Click Here

Stay in Dublin's Temple Bar,
Stephers Green or a host of
other graat city cantre
locations!

¥  Click Here

Fancy a luxury break in
Cublin? Click here For great
prices on'd & § star
accommodation!

»  Click Here

Frrlnrinn Treland? Click hers

Another recommendable website can be found at [Ddiurist] which offers quite

a large textual and pictorial information base alragtourists, including practical

information about accommodation and hotels, caatenthe Dublin Pass, transport
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from and to the airport as well as information atdublin’s train bus and tram
system and of course information about Dublin’sigiwattractions and places to see
or things to do.

The structure and content of the website is simidd@he one above: The website is
logically divided into a left hand side frame cantag a clickable list of hyperlinked
websites that contain the actual tourist infornraiad which are presented in the

main frame of the website

Some less appealing and/or less informative webaiteut Dublin’s tourist

attractions and things to do are shortly introducetthe following:

[Wiki Travel Dublin] is a website created and editey the general public with
snippets of information on how to get to Dublin asider transport information, what
to see, do, buy, eat, drink, gay and lesbian fliehdrs and clubs and information on

accommodation with hyperlinks to the actual welssitethe tourist attractions etc.

[Dublin Uncovered] is a website through which oa@ ook accommodation, cars
and tours around Dublin and Ireland, buy the DuBl&ss, guide books or maps. It
also provides information on what to see while wisés Dublin in their tourist guide,
restaurants, shopping and entertainment sectidrest fourist attraction website then
offers another selection menu for Dublin HistoryjtyQ ours, What to See, Day Trips,
Museums, and Galleries, etc. Some of the resutiagges contain textual and pictorial
information about the sites concerned or shortmtgof information about the
attractions with hyperlinks leading to their actuabsites. Generally, no opening
times, entrance fee or location information is jed on this website or at least only

sporadically and non-consistently.
Other much less informative and accurate websitaslly with a less appealing
presentation are [Living Dublin], [Tourist Informat Dublin], [Lonely Planet

Dublin], [Look Into Ireland], [Dublin City].

Other sources of tourist attraction information bagathered online by searching for

specific tourist attractions, blogs and messagedsoa
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Although these web-based information portals shisi@rénces in what kind of
information they supply, in the completeness ofittiermation they supply or lack
thereof and in their level of incorporation with psathese websites have the
advantage that they can be kept up to date a$o¢rethan paper based information.
Similar to the print information, these websitesoahave the disadvantage that they
usually do not provide much assistance in puttoggether a suitable sightseeing
itinerary either, again leaving the process of carimg locations, opening times,
lengths of visits etc. up to the tourist. Unforttelg, in most cases, the information is
not yet remotely accessible anywhere and would babe printed out or

downloaded.

2.2.3 Static Tour Suggestions and Sightseeing Planners

Some travel guides and websites come with suggestio how to best spend a day.
These are mostly in the form of walking tour sugiges. Especially the Lonely
Planet guidebooks often has a page or two sugggstissible walking tours for
different amounts of time available.

Of the websites described above, only [Dublin Tparsl [Visit Dublin] provides
suggestions to some walking tours through Dubllre Tormer one only provides
textual and pictorial information on some themedking tours, such as “The Old
City”, “The Georgian District” and “Literary Dublinwith a time estimate for each
walking tour [Dublin Tourist Walks]. The latter opeovides free podcast audio
guides to Dublin, called iwalks developed by Dulllwurism [Visit Dublin iWalks].
There are eleven different themes to choose froaiyding “Castles & Cathedrals”,
“Viking & Medieval Dublin”, and “In the Steps of Yéses”. The audio guides can be
downloaded in mp3 format from their website andduse free walking tour guides to
the city. Each iWalk comes with a free full coldunchure featuring maps and
original illustrations. These brochures for the kgatan also be downloaded from
their website. Some of the walks are availableanous languages.

In Stockholm, Sweden, a mobile guide service calledk of the town” can be
purchased in conjunction with a map which is bdsi@downloadable audio guide

to Stockholm’s attractions. A user can consult Wwhaights he would like to visit on
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the map and receive an audio guide about the atinaay dialling up to it [Talk of

the Town].

IntelliTours is another interesting service beiffigi@ed that combines static tour
suggestions with global positioning devices foli@away finding [IntelliTours]
IntelliTours creates audio and multimedia tourg #ra guided and triggered by GPS
navigation. Blending satellite signals with oldHamed storytelling, IntelliTours
locates landmarks, recreates history, and recatoties on the very spots where they

were created. They also provide downloadable roastfor in car GPS devices.

While the above named websites and services cosane static itinerary
suggestions, they do not take into account usdemgnmeces but rather offer a mixed
choice from which he can then select the one thi@esponds most with his interests

and preferences.

2.2.4 Interactive Tour Suggestions and Sightseeing Planners

Some attempts have been made in more proactiveistiag the potential tourist in

choosing his own personal sightseeing itinerary.

One such attempt is INTRIGUE (Interactive TouRmbrmation GUIdE) [Ardissono
et al, 2002] which was created to explore the @iowi of ubiquitous services
accessible both from desktop environments and lehmigsices, either via remote
connections to central servers, or through thel lexacution of tasks within the
devices themselves. INTRUIGUE's aim is to assistgbtential tourist in the
organization of a tour by providing personalizecoramendations of tourist
attractions and helping the user to schedule imisrdry. The available tourist
information can be accessed on Web browsers and paRes and the generated
interactive agenda can be accessed both remotelipeally on the user’s device.
The prototype has been implemented for the ciffasfno and the surrounding
Piedmont area and contains information about tbatieactions and other useful
information, such as accommodation and food. Thadbcan browse through a

taxonomy of categories and select the desired gpbgral area by clicking on a map,
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or by following the given hyperlinks. The touristthen presented with a list of
recommended items which can be clicked to viewgegaesenting information
about the attraction. Finally, the user can incltigeitem in the list of attractions to
be scheduled in his itinerary by clicking an “addagenda” button.

The personalization strategies used by this systenemployed to recommend the
attractions best suited to the preferences ofdhast. INTRIGUE generates
optimized itineraries by taking the user’'s tempaa@istraints, the attractions’
opening times and their location into account. @itlee set of attractions selected by
the user and the constraints he provided, themsystes to generate an itinerary that
includes as many selected attractions as possimeplies with the user’s
preferences, and minimizes the overall transfee tifhe resulting itinerary can also
be consulted and modified during different sessammwhile visiting attractions,
therefore extending the role of their system fropuee tourist information base to

interactive tourist guide.

The authors remark that “shortest path” algoritheash as the travelling salesman
one, cannot be used because they do not guarhatebé generated permutations of
attractions satisfy temporal constraints such animg times of attractions. The
authors also mention that users appreciated th&lplity of saving itineraries and
retrieving (and modifying) them in subsequent iat#ions, as this facility would

enable them to use the interactive agenda durm¢ptir.

Another proactive trip-planning service [Tomai, 8aki, Prastacos, and Kavouras,
2005] has been developed for the prefecture ofldierg in the island of Crete. This
approach explores the possibility of utilizing doges in assisting tourists to plan
their trip in a web-based environment. Their metiiogy consists of building two
separate ontologies, one for the users profileaanadher one dealing with tourism
information of a specific area.

To gain access to the user’s interests, preferemud®ther personal information, on
which the proposal of an itinerary will be baseeitipropose to include a conceptual
model of the user profile. The user profile is gated by presenting the tourist with a
guestionnaire through a web based interface, ddlbaiser’s personal information,
preferences, needs and interests can be extraue@eorded in a user profile

ontology. The other ontology, the tourism ontol@gytains actual information on a
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specific area of interest. The more users utilieesystem, the more the user profile
ontology gets populated.

The interface for eliciting the user’s charact&csposes ontology-driven queries to
retrieve information about the user whose answersexorded by the system and
included in the user profile ontology as an instati@at has properties (characteristics)
with specific values. Their system works as followsst the tourist fills in the

interface so that his profile is generated, theasies a question. The system then runs
a context matching algorithm between the two omfiel® and returns the answer as a
text but also locating the proposed places/ paihisterest on the map.

In the step in which the user ontology is populatéth instances for the concept user,
an interface “resembling” a web-based questionnaipgesented to the user. The
procedure of collecting and recording the actuat psofiles is very much guided by
the predefined user profile ontology. For exampleen the user is asked to fill in his
interests, he can only chose form a list of altevesa, given in the form of a drop-
down menu, that correspond to the sub-conceptseohterests concept in the generic
user profile ontology. This methodology has therabteristic that as more tourists

use the system, the more the ontology gets popllate

The authors claim that the user profile ontology been designed in a way so that the
corresponding interface which records all userrmfation does not request from

them detailed information for his interests or¢asinstead, the user is provided with

a list of alternative answers on which he can nthkdinal decision.

In Lancaster, the GUIDE system [Cheverest, Dawbgshell, Friday, and Efstratiou,
2000] is a service that provides city visitors wathand-held context-aware tourist
guide. The information presented to visitors itotaid based on the visitor's user
profile and contextual information, including theit's physical location. The context
awareness constitutes two parts: personal, suttfeassitors’ interests, e.g. history,
or architecture, the visitor's current locationraadtions already visited and any
refreshment preferences they might have and enwieotal, such as the time of day,
and the opening times of attractions. In ordeetaeve information the visitor is
presented with a set of choices in the form of Inigpe links. The GUIDE system is
designed to enable visitors to request a structineédof Lancaster based on a set of
attractions that they wish to visit. In order te@sain this set of attractions, visitors

are asked to select attractions from a set of oategysuch as 'Historic' and
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'‘Recreation’. Once a tour has been generatedsliditer is presented with a
recommended sequence for visiting their choseadibns. The visitor can then,
either, agree to be taken to the next attractidghersuggested sequence, or, override
this recommendation by selecting a different attoacto be their current destination
With regards to automatic rescheduling, the systgularly calculates whether or
not the current order for visiting the remainingyadtions is appropriate given current

time constraints and takes appropriate action.

The great advantage of these types of servicésiighey create tours that take into
account a tourist’s interests and preferenced)aahe tourist receives a personalized

suggestion rather than a one-fits-all static tour.

2.2.5 Online mapping services

Although these services do not supply tourist imfation as such and do not provide
tour suggestions, they are worth mentioning duéeovalue that they provide to
tourists: locating points of interest or even laogta whole category of interest, such

as restaurants in Dublin.

The Dublin Map is a website which mainly acts asdwertising portal for shops,
tours, pubs etc. is the website associated witpapbased map of Dublin, also
known as “The Dublin Map” [The Dublin Map] Whiledhvery limited information
supplied on the website does not have much infommatlue and seems to be mainly
of advertising purpose, they however provide awlsefiap maker” function. All

points of interest that are described on the weltsih be added to an integrated

Google Map widget.

There is a good choice now available in online nragppervices, e.g. Google Maps
[Google Maps], Google Earth [Google Earth], Yahbtaps [Yahoo Maps], Map
Quest [Map Quest], Map24 [Map 24], Ask.com [Ask.¢pMultimap [Multi Map]
and Live Search Maps [Maps Live]. Figure 2 showgxample of Yahoo! Maps

when searched for Dublin, Ireland.
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Figure 2 - Yahoo! Maps online mapping tool

Most of these come with options to search for adte certain businesses or other

points of interest, with varying degrees of suc@ss completeness. In addition, most

provide a direction service.

Some online mapping tools provide additional fumaaility, such as storing your

maps, viewing pictures tagged by users to locatigas prices, congestion

information, 3D views, location dependent wikipediticles etc.
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2.2.6 Location aware services

In contrast to only a few pre-trip itinerary advisothere has recently be a lot of
research interest and progress in the developnfiémtation aware services, enabled
through first the increased possibility and redutin price of connecting to the
internet from a mobile device as well as the insegkincorporation of global
positioning systems in mobile devices and allovangore spontaneous and non-
premeditated visit.

Many location aware applications are now availatiere this type of service is
offered [Ordnance Survey, 2007] ranging from Auttedamapping, i.e. digital map
generation, car navigation applications, familyet tracking for security purposes
(look at implications of the Madeleine case!) oereVind-a-friend applications,
where the location of one user can be displayetthewlevice of another. In addition,
there is the classic yellow pages type applicdtihere’s the nearest...?”, which has
in many cases been advanced to personal navigatmway finding applications and
which most naturally lead to location-based tourigirmation applications, allowing
tourists to leave a hardbound guidebook at home.

Other location-based services include traffic infation, real time sensors for
measuring environmental factors, weather inforrmatpublic transport information,
games, fleet management and applications to obsemer behaviour patterns and

many others with new ones being developed allithe.t

For example, in Wales, a WAP Service is currending developed [Catling, Harris,
James, and Simmons, 2001] which provides pre+ianetler information, journey
planning, route planning, tourist information, eipdriver information, route

guidance and floating car data applications.

In Hong Kong, the Hong Kong Tourism Board in comtion with the CSL network
offers a “Mobile Host Audio Tourist Information S#re” [Hong Kong Audio
Guide], a personal mobile audio guide. This sereitables tourists to access the

latest comprehensive tourist information includisightseeing information, and hot
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shopping news, dining recommendations, currenttsyareather information and

useful numbers via their mobile phone anywhere.

In Siena, Italy, PALIO [PALIO, 2003] is a projettat aims to ensure tourists always
know where they are and where they're going whashlbeen developed by a
consortium of ten companies, research organisainddocal administrations from
four EU countries and tested in Siena and on tleeksisland of Crete. Their system
offers real-time access to tourist information franywhere, anytime.

In the city of Karlskrona, in the southern partSofeden, Ericsson has developed an
“Instant Tourist Guide” offering mobile guides [Esson], interactive games, image
services and postcard services. Tourists can acdessiation, such as text, voice
and pictures about tourist attractions throughrthmmbile phone. While walking
around the city, visitors can receive informatidoat different locations through the
phone and use positioning services through GPSpiidgram also tells you where

the next attraction is.

In Singapore, a pre-paid real-time location-basesdice via a SIM card that can be
purchased on arrival, called CitySim [City Sim]fes real-time location-based
tourist information about the island. Informatiomyded includes locations of
restaurants, banks, nightlife attractions. Theiseralso features a chat service that
allows visitors to find, chat and share their ex@eres with other CitySim users in
Singapore. Users of the service requesting locdiased information are guided by
menus, which then retrieve the requested informatia a SIM-based browser from a

central server.

A Stuttgart based group [Jenish, Orlaminder, Kigieand Brugge, 2005] propose a
communication system which allows a user equippigld amodern programmable
mobile phone or PDA to receive information aboubdject of interest in a city when
he approaches this object. For the communicatiersiiort range radio

communication system “Bluetooth” is used.

In Ireland, a system called Gulliver's Genie [O’dand O’Grady, 2003] is a context-
aware tourist guide that assists roaming tourigigir approach is to use intelligent

agents, which collectively determine the user carded retrieve and assemble multi-
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media presentations that are wirelessly transmétetidisplayed on a Personal
Digital Assistant (PDA).

User context is considered in terms of positiorerdation and user profile. With
regards to capturing a user profile, all userdiefGenie must first register and create
their user profile which takes into account languagationality, age, gender and
interest profile which is concerned with the usaeterests such as art, literature, etc.
The service is basically a push service that abeswa tourist walks towards some
tourist attraction it will show his location on amand then disseminate information

in form of a presentation.

2.3 Comparison of the User Interest and Preference
Modelling Tool for Dublin Sightseeing with State of the
Art

The most important difference of the tool developegart of this project to the user
preference acquisition methods mentioned aboveeisvay that the available choice
information is presented to the user and how tlee i$erests and preferences are
retrieved. While all methods used above used téxthaice list and tick box style
approaches for eliciting user interest and prefe@sramongst other information, the
approach presented in this project is completdherdint in that it uses a graphical
representation of the available choices, a graprepaesentation of interest and a
graphical representation of preferences. The ideathat an interface like this would
be received as more appealing and therefore kbepsser interested in it longer so
that enough interest and preference informationbeaelicited in a more enjoyable
manner from which a sufficiently accurate and catglser model can be

constructed.
It is similar to some techniques mentioned abowhan it uses a concept in going

from abstract or general to specific to give therdbe choice of assigning interest on
different levels of abstraction.
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Another difference is that the tool allows not jtiet binary decision of interest to be
taken, but also allows to easily assign and magliéferences in one item over

another.

The planning does not employ a stereotype apprbachather translates the user’s

interests and preferences directly into a suitabteome.
The proposed system has been implemented for antexbace, but could easily be

adapted for mobile phones and as such be opentst the integration of location-

aware functionality.
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3 ARCHITECTURE DESIGN

The purpose of this project was to come up witleegally applicable, innovative

and intuitive graphical user interface tool thatildorepresent multiple choices in a
manner that allows the user to traverse from generspecific, and that would allow
the user to assign an interest and qualitativeepeates to these choices in a playful
and enjoyable way. The interest and preference #sgociated with each choice
should also be represented in a graphical manmailagy, a visual solution needed
to be found to represent the limiting factors oesthitems. At the same time this user
interest model should be consumable in real-timarmther outside service which
consumes the user interest data in conjunction ethtbr information to produce a
sensible and personalized output. As part of gaadbility, the tool needs to be
dynamic and reactive so that interest levels andihg factors can be modified and
adjusted throughout the process. Finally, the $boluld represent the resulting output
from the service that consumes and processes ¢nentisrest model in a suitable and
useful output format. In this project, as prootohcept and to illustrate its

usefulness, the tool was applied on the exampéesightseeing planner for Dublin.

Most important was to first find possible visualtapghors to represent choices,
interests, preferences and constraints graphicdahge an acceptable visual concept
was established, candidate technologies were cenesichnd the most appropriate
ones were chosen for realizing the visual parhefdystem. In parallel to developing
the visual side of the system, a high level archutes for the whole system needed to
be devised, considering suitable information transdind backend technologies for

storing and manipulating the information.

Throughout implementation, further modificationglaafinements in design were

carried out to add to the value of the final system

3.1 Design Influences from State of the Art
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The main lesson learned from analyzing the statbeo&rt with regards to user
profiling is that it is hard to elicit importantformation for personalization purposes.
Asking too many questions abuses the patienceeafigbr, whereas asking too few
guestions might result in an unsuitable result. Elosv, research has shown that it is
often better to use approximations rather thangiaut the user before he can enjoy
the fruits of the personalization process. Theeefan emphasis has been placed on

making the user interest and preference settingatmenjoyable tool.

In addition, research has shown, that better outsoamne usually achieved if the user
feels in control over the modelling process, sottiud developed should empower the

user in taking decisions rather than decide for. him

A lesson learned from tourism domain is that tleé teeds to be easy to use and
make access to further information easy. In addljtioneeds to be visually appealing
and display pictorial information. Another importgint is to integrate the tool with
a mapping function, so that continuity is achiefretn choosing the attractions to
displaying them on a map. This map could then begat or downloaded onto a

phone etc.

3.2 Visual Metaphors

After sketching up and experimenting with severapdical ideas, the following

visual metaphors were found to be the most promisin

Firstly, to reduce the visual clutter and informatibverload that inevitably arises
with a large amount of possible items of intergstas been decided to employ a
visual concept of going from abstract to specifig(re 3). Specific items would then
be retrievable through the abstract items, e.glioiing on the item that represents
an abstract category. This action would expanal shtow specific circles, such as
“French Baguette” or “Spaghetti”, or subcategorii® “Pastas” or “Breads” or a
mixture of both specific items and sub-categoned are contained in the clicked
abstract category. The subcategories then agaid beiclicked to expand to show
further subcategories and/or specific items coethin this category and so forth. To
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graphically distinguish abstract and specific itehtss been decided that a specific
shape, e.g. a circle of monochrome colour shoycesent an abstract category, e.g.
“Carbohydrates” in the example of food and spediém would be represented with

a different shape, e.g. a rectangle, that would la¢sre a background picture

associated with it if possible.

Figure 3 - Going from General to Specific

In addition, the concept of going from abstracspecific can be used in a different
way. For example, if one was visiting Dublin bud diot really know much about
Dublin and wanted to get a tour suggested accorditgs high level. E.g. one tourist
might be very interested in going to some art giale in doing some shopping and in
going to some museums but does not really caretatdaah individual choices are
taken. In this case, instead of just specifyingnéerest in any specific item, an
interest could be specified in a whole categorylahthe system figure out suitable
items to visit. In the case of tourism, the sofeveould then decide on popularity and
location etc. which attractions would be the bemsoto visit and in which order. In
addition, the user could specify a specific itena@feneral category and in addition
designate an interest in the parent category. waidd make sure that this specific
item will take priority in planning if the intere& indicated higher than for the
category to which it belongs, but that any remajrtime can be filled up with items

from the general category.

Secondly, to represent a limited factor, it wasidied to use the area of a shape, e.g. a
circle, or square or rectangle etc. l.e., the hidlge shape, the more of the factor or

constraint is available or possible, dependinghensituation (Figure 4). For example,
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in the tourist scenario, with time being one of plssible limiting factors, the shape
could represent a possible attraction to see aritydio do and the area of the shape
would represent time, for example the average timetourists spend on visiting this
attraction. The bigger the shape, the more timadtsuspend visiting this attraction

on average and vice versa. If the limiting fact@aswnoney, the size of the shape
could represent the price of an item, or in a @ryrexample it could represent the
amount of calories in a specific item of food. tid@ion, the shape should be easily
resizable by the user so as to increase or dectieas@ea of it to indicate that the user
would like to increase or decrease the amounnufiig factor associated with it. For
example, he could increase the size of a shapesemting a tourist attraction to

indicate that he would like to spend more timéd.at i

Low High
availability availability

O

Figure 4 - Size/Constraint Metaphor

Thirdly, to represent an interest in a specifioitend in addition, to represent the
preference in this item in comparison to the peziees in other items, it was decided
to use the concept of distance to a static referpomt (Figure 5). Once a perimeter
has been crossed an interest will be associatédtinetitem and the nearer the item is
being placed to the reference point, the more peate would be associated with it
and vice versa. This means that items outsideptmsneter have an interest of zero
associated with them and that items within therpeter have an interest associated
with them proportional to their distance from tlemtal reference point. It is

envisaged that the user can playfully registeirtierest and preference in any of the
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available items and specify the amount of constta@nwishes to associate with them
by moving items into an interest area to differ@mtounts, thereby creating a personal

user interest model in the specific domain.

|
High :
Preference Low : No
./<) Preferenoe: Interest
|
SRS
Interest
Perimeter

Figure 5 - Distance/preference metaphor

It is important here to see that although the le¥éhterest and the amount of
constraint associated with it often correlates,tbat hey are not the same. For
example, in the case of money, even though a pensgint be highly interested in
one item over another, the amount of money thatdwdd spend on it might be much
lower than on the other item. E.g. in the tounsiraple, even though somebody
might absolutely want to see the Dublin Spire, loeid be hard pressed to spend
much more than 15 minutes admiring it. Or on theephand, if one had only
expressed a fair interest in seeing Trinity Collbgewould be interested to see it if it
was on the way to another more interesting atwacit would be hard to visit it in
less than half an hour, especially if one decidefdiiow a Trinity Tour guide or
wanted to see the “Book of Kells”.

The reference point was chosen to be in the mididiiee visualization, and the

choices are then equally placed on an invisiblenpeter around this central reference

point (Figure 6).
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Figure 6 - Reference point and choice locations tartup

It was imagined that when the user wants to shewnitérest in an item, he can pull
the item towards the static middle reference paivgreby reducing the distance
between the item and the reference point and egténe perimeter of interest. The
more items are being pulled towards the centralregice point, the more crowded the
area would get, reflecting the amount of desiremiads the user would like to be
satisfied. In the tourist example, it would loosedflect the amount of available time
the tourist is filling up with items he would like visit. Any time the user adds
another circle, the other circles already pulled the “interest perimeter” are being
pushed out of the way around the middle circlepkegat the same distance from the
middle circle that the user has placed them. Howaefvthe area between the
perimeter and the reference point has been filpdaumuch that no space is left for
more circles in that area but the user decidesilhevants to add more items, items
that are least interesting are being pushed fudbeat the same time as he tries to
pull in more items. It is the aim of this visualia that none of the interesting items
overlap each other, so that the area within trerést perimeter can be filled up only

with so many items.
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The final graphical interface is divided into ae@amwhere the interest and preference
modelling takes place and an area which would shevsuggested output after the
information has been processed by another serwigarg 7). In the diet example, the
visualization would capture a user’s interestsdarnain foods or categories of foods
and the output side would represent a suggestégldie This graphical divide would
also represent a logical divide with the visualmatrepresenting the side of the user’s
desires and wishes, and the output side repregehinreality of what is possible and
can be achieved. It could easily be imagined thetetis a conflict in a users desires
and the availability of the limiting factor. It evisaged that if the user desires more
than he can realize the planner will make the reessible selection from the

attractions that he is interested in.
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Figure 7 - Division between desire (bubble display@nd reality (planner output)

As mentioned in the introduction, because usermapee and usability are so
important in this project and part of the aforenmmd goals, a mock-up using an

accessible technology was first created and thatuated. The purpose of the
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evaluation at this stage was to determine if tloppsed concepts would at all be

accepted by the end-users as useful and therefotl wnplementing.

To this effect, a mock-up of the tool, consistiid 88 PowerPoint slides was created.
This mock-up was designed to explain the idea hadbncepts behind this idea and
to give a preview about how the final implementatioight work and look like.
Twelve people were individually led through the RoRRoint mock-up and then asked
to fill out a questionnaire (Appendix B) followeg b discussion with the aim to

expose possible pitfalls, problems and improvements

The following pictures display some representasivées of the initial mock-up. A

more extensive collection of slides can be foundppendix A.

3.2.1 Design Changes from the Evaluation of the Mock-up

Although the graphical concepts were received eyt during the evaluation of the
mock-up, some issues were highlighted that warcasbene changes in the initial

design.

One of the issues was that there needs to be mtifieation to the user, in form of
tool tips or in form of pop up windows, so that &tample the time represented by

the size of a shape will be represented in reaiger.e. in hours and minutes.

Due to difference in opinions about if the distaatene would be a clear enough
graphical representation of preference it was aettd introduce a red-blue colour
coded that is to be displayed on the line equididtatween the interesting item and
the reference point. This circle can also disphaylevel of interest as a percentage

number.
There were more suggestions of improvements; how#wese did not concern the

visual concepts mentioned above but rather dethilse application and therefore

were not included in the general design of theesgsHowever, it was envisaged, that
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if time allowed, as many of the sensible suggestmould be incorporated in the

application.

3.3 System Requirements

From the idea of the system as imagined abovdgttimical requirements that the

system poses are identified and are describeckifottowing sections.

3.3.1 Generality

It is envisaged that this graphical user interast greference setting tools can be
applied to many other domains than tourism. Witk ith mind, care has been taken to
use a data-agnostic design where possible andptgplatform independent

technologies such as Java where possible.

3.3.2 User Interface Requirements

Firstly, the user interface needs to be able td fean an input and visually display
its content accordingly. In addition, it has todymamic, interactive and be able to
respond to user actions. Specifically, displayeth& need to be clickable, draggable
and resizable dynamically at run time and in reaétby the user. Also, it needs to be
able to determine overlapping items and be abtedot appropriately. The user
interface also needs to be able to assist in rewpahd outputting changes made by
the user. And finally, it needs to be able to digm suggested outcome after the

interest model has been consumed and processeplagreer.

3.3.3 Concurrent User Requirements for the System

As the system is envisaged to be a service avaitalihany people over the

worldwide web, most likely through a gateway websihe system has to be able to
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deal with many concurrent user requests. This miématghe system has to be
designed in such a way as to be able to accepipteulhcoming requests at the same
time and have the back end database and planmicgjdnality be able to deal with
different user requests without interfering witltleather. In addition, the website
displaying the mapping output needs to be custairtizeach user so that each

concurrent user of the system will be able to gasirieve his personal map.

3.3.4 Requirements for the Planner

On a high level, the planner needs to be abledemadnput from the user regarding
changes in his interest levels and react to iteltag being able to read from the
information database that is being presented tasee. The planner then needs to be
able to take these two sources of information ardlgne them in a manner that
produces a sensible output. This output then nieells sent back to the user interface
for interpretation. In addition, the planner netalbe able to accept multiple

concurrent requests without interference.

The planner and its associated output are obvialmtyain specific and depend on
the purpose of the planner and the desired oufgbie planner in anyway has to have

any intelligence associated with it.

Regardless of the implementation technology, tkedligence of the planner has to be
designed. The following paragraphs suggest a geaedsa tourist specific planning

algorithm that could be realized in the project'golementation.

However, one could think of a general planning atgm that could then later be
extended to include functionality and planning togiwards the specific domain. The
simplest planner would have to be able to prodbeddllowing output from the
interest input and the information database: Bfstl it would have to be able to
order the items that the user has expressed aeshia by interest in descending
order, starting with the most interesting item. i tiee planner would have to be able
to list as many items as possible until the condtia used up and no more of the

interesting items can be added as it would overflosvconstraint limit.
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The requirements for a tourism specific planner thieddesired output would be the
following. The planner is basically a mechanismdombining the different
attractions a tourist would like to visit in a s#abs manner. A sensible manner
includes to favour a near, high-rated attracticioteea far away low-rated attraction
if the user has chosen a general category of things. Another good idea would be
to find a sensible visiting order for the attranB8pe.g. to visit the attractions in an
order that minimizes travelling time between thém,to find an acceptable solution
for the travelling salesman problem. The planneartbaake into account the
following bits of information: the start and ench& of the tourist’'s day, his start and
end location, his interests, opening times of &iwattractions, the location of the
tourist attractions, the rating of tourist attragos, either the average time that tourists
spend on the attraction or the user specified eintepossibly even the entrance fees

of the specific attractions.

Of the general or specific items that the userdxgsessed an interest in, the items
with the highest interest should be considered &insl planned into the day first for
the period of time that the user has indicatedheysize of the shape. This means that
an item with higher interest will take precedengeran item with lower interest. The
planner should take into account other items alrggahned into the day and fill the
specific item into the available slot that expeledst walking time and has the closest
possible fit. If the given item is of a generalemiry, then the planner should find a
compromise between the given rating for the itechigglocation and plan the best
possible items into the best fitting slots, agaymg to aim for the smallest walking
time. As the tourist has only indicated the amdwntvould like to spend on this
general category, the average time of touristségparthe specific attractions are
taken as the guideline when planning in these it&uasf the item is general, the day
should be filled up in a way that the total timarpied for this category corresponds
to size of the circle. The planning should go otil@ither the day has filled up, or the
available time slots are too small to fill themarall interesting items have already

been planned into the day.
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3.3.5 Requirements for the General Information Database

The general information database is the databasedntains the data that describes
the categories and the items contained in the cdg=g It is important that the
description of these items be flexible, extenséd capable of describing the system
as a whole. Flexibility is needed to enable theauata author to describe a broad
range of elements that might be necessary forgleifsc domain. For example, the
metadata description of the items in the domaitoofism would be metadata
describing specific tourist attractions, e.g. GB8rdinates, opening hours,
average/minimum/maximum visiting time, a descriptad the attraction, entry fees,
associated rating, a photograph of the attractionitealso needs to be extensible, to
allow the metadata author to add more elementsiretige case of tourism the author
might want to add the description if the attracti®suitable for kids under 12 or if it
is accessible to wheelchair users. The data frasmiitabase needs to be accessible
concurrently. However, it is not planned that tsencan change this database, only
system administrators etc., so it is basicallyafictlatabase which makes concurrent

access less of an issue.

3.3.6 Requirements for the User Interest Modelling Database

The User Interest Modelling database only needsmbain the following data for
each user: the item that the user has expressateagst in, the interest level that he
has expressed for this item and the amount foasiseciated constraint. In addition,
the database has to be able to provide concurcerssa to multiple user interest
models without causing interference. In additidr, interest models should be stored

persistently, so that the user can go back tonftigli models and modify it.
It follows from this that the database will contadiata from different user sources. To

discern the data input from the different usensnigue identifier needs to be attached

to each user using the tool concurrently.
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3.3.7 Communication Requirements

As it is planned to make the Dublin Tour plannesikable as an online service, there
is the need to decide on appropriate communicésiween the user front end, which
will be displayed in the client’s browser, and treekend technology and intelligence.
The backend technology and intelligence as welhasvebsite need to be hosted by a
suitable server. The communication technology tento be able to relay changes in
the user interface on the client side to the plannghe server side and then be able
to send the planner output back to the user.

3.3.8 Mapping Output Requirements

After the tourist has planned his sightseeing ddyis satisfaction, his schedule then
needs to be overlaid on a dynamic mapping toochi®use to either print out, store
electronically on his computer or download onto@bite phone. The map should
preferably be able to display pedestrian routdserahan obey the one way system or

use motorways.

3.4 Designing the system

3.4.1 High Level Architecture

The following Figure shows the system architecture:
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Figure 8 - System Architecture Diagram

3.4.2 Visualization/Front End/GUI Technology

The most obvious choices that come to mind wherkihg of dynamic and
interactive user interfaces on a website are Addagh and Java Applets using Java
Swing. Due to the following reasons, the decisiaa been taken to realize the user
interface with Flash rather than Java applets:

Flash movies have the advantage over Java appl#étatithey are compatible with
most platforms. In addition, 99.3% of internet dedlPCs have the Flash plug-in
installed [Adobe Flash Player], more than Javangrather player.

Also, since Flash is vector-based, Adobe FlashrieiadSWF files) are very small
and quick to load across even the slowest Intexm@tections. [Adobe Java] and it
also means that loading for different screen siags better than in Java applets.
Flash player also has a much smaller runtime thaa [Burdette, 2007].
Additionally, Flash supports dynamic loading of didehal resources like images,
sounds, video, and additional pieces of Flashhe@pplication can load assets on
demand [Adobe Java].
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ActionScript, the Flash object-oriented scriptingdguage already comes with
libraries for creating shapes, the ability to clibkse and dragging them around as

well as libraries to see if two shapes overlap.

In addition, Flash provides libraries that can lgasicess and manipulate XML
documents (see below) which support ECMAScriptXbtL (E4X) standard. E4X is

a programming language extension that adds natie upport to ECMAScript
(which includes ActionScript, DMDScript, JavaScripEcript). It provides access to
XML documents in a way that imitates XML syntax kvthe aim to provide and
alternative to the DOM interfaces by using a simpigtax. Previously, XML
documents were always accessed at an object awtelith the release of E4X, the
XML document is treated as a primitive. This letafaster access, better support and

acceptance as a building block (data structure)mogram.

In summary, while Java does provide more versaalitd flexibility than
ActionScript, ActionScript has been found to contall functionality and library
support needed for the purposes of this projeatr@fore, Flash has been deemed a

suitable technology for implementing the interface.

3.4.3 Planner

To be useful, the tourism specific planner needtdain a lot of intelligence and
process the input information in a sensible wayeA$ome consideration, it has been
found that the using the Adaptive Engine, which Ibesn developed by the KDEG
group of Trinity College as part of a multi-mode¢tadata-driven approach to content
and layout adaptation in the domain of eLearninglaite very suitable to

implement the tourism specific planner. Although #@ngine has been developed for
the purpose of generating personalized eLearninteat, the system is data-agonistic
due to the multi-model meta-driven design and floeeecan easily be applied to other

adaptive hypermedia domains.

The core of the system is the Adaptive Engine wisalesponsible for outputting
personalized content based on the user interest.inp

41



The other parts of the system are separated iatwede models, namely the user
model, the adaptation model (or narrative ascalted in this approach) and content
model [Conlan, Brady, and Wade, 2004]. The keyretdgy used for the description
of the models is XML and it is the task of the atlagpengine to reconcile the
different XML elements in the models. In short, Huaptive engine uses the content,

user and narrative models in a way that producesopalized content.

The most important part of this multi-model, metaddriven approach is the
adaptation model, or narrative. The narrative @tht to encapsulate the sequencing
or adaptive logic in the engine [Conlan, 2004tdhtains the rule set and the
metadata representing the features of that ruldtsetthese rule sets that are executed
in the rule engine to reconcile the other modedrimfation to produce the

personalised output.

To be able to execute the rules of the adaptiveamdtite adaptive engine contains a
narrative interpreter and a candidate selector lwére rule engines that can interpret

and execute rule sets.

The candidate selector is responsible for seleqtosgible candidates from a group of
candidates which are like models grouped togethehis way, a layer of abstraction
is maintained between the narrative and the combealel, in that the narrative does
not refer to content directly. These models ard kepceptually separate so that the
narrative does not need to be concerned with thelbcontent that will realize the
concepts described in the narrative.

Thanks to this independence between content modeharrative, individual pieces

of content can be replaced or substituted withawtrig to modify the narrative.

Then, to fulfil the concept described in the naveathe candidate selector can select
one or more appropriate candidates from a numbposdible candidate pieces with

the help of the metadata describing the candidates.

It is envisaged that the three models used indlaptave engine could be applied to
the domain of tourism planning. While in the eLaagncontext this narrative would

contain rules concerned with how to put togetheowrse module, in the tourism
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domain the narrative would be concerned with pgttogether a sensible sightseeing
itinerary. Whereas in eLearning applications narestare the embodiment of
pedagogy, in a tourism application narratives wdaddules governing the best way
of putting together a visiting schedule. So, theatave model in the tourism example
should describe a mechanism for combining the whiffeattractions a tourist would
like to visit in a sensible manner. The candidaledor in the adaptive engine would
then select the most suitable candidate from tbhamof possible candidates, e.g.
possible tourist attractions that reflect the iests and preferences of the tourist.
Similarly, while in the eLearning application thentent model would represent the
pedagogical qualities of the learning content [@anRk000], the content model in the
case of tourism would contain metadata descriptodri3ublin tourist attractions,

such as opening days and hours, rating, averagesjpent at the attraction, entrance
fees etc. Finally, whereas in the eLearning dortteeruser model is a learner model
which describes the pertinent learner charactesistihe user interest and preference
model in the tourism example represents the ugeegests and preferences in
specific tourist attractions and/or general categoof attractions.

The Adaptive engine prescribes that the modeldeireg described using XML.

Using this approach and the adaptive engine ithveped the knowledge about and
experience of the KDEG group with the Adaptive Eregcould be salvaged and

simplify the implementation of a sophisticated tenr specific planner.

3.4.4 User Interest Modelling Database

As described above, the user interest modellingtdete needs to be concurrently
accessible by many users without interference disaweshow persistence so that
previous data can be accessed again at a latex $8¢$QL is a multithreaded, multi-
user SQL database management system. It uses SQp€uery Language) to
access and manipulate the databases and the daémpin these databases.

The choices for the unique user ID are HTTP coghkiesaddress, URL (query string),
hidden form fields, HTTP authentication, Adobe Rlascal Stored Objects (LSO) or

43



client-side persistence [Wikipedia HTTP Cookieshil all methods have their own
drawbacks, e.g. using IP address is unreliableorenthan one person accesses the
same computer or if the connection goes througlAa tduter or proxy, URL/query
strings and client side persistence have inhessmurgy vulnerabilities, or because
the method is just not appropriate to the aim, ligdden form fields which are only
really useful for session tracking rather than Emtgrm storage, the three most
appropriate options are HTTP cookies, HTTP autbatin and LSOs. From these
three, HTTP authentication has the disadvantagequfiring the user to register for a
username and password first. The choice therefasddibe made between HTTP
cookies or LSOs. Since the user is expected to Ad&lash player to visit the site,

there is a good cause to use LSOs rather than HHodKes.

3.4.5 General Information Database Design

There was a question as to what kind of technolegyid be the most appropriate for
the general information description and storageooitent model. Two main
technologies that spring to mind are ontologiestapets maps.

An ontology can be described as the definition sébof concepts, their taxonomy,
interrelations and rules that govern such condepaisway that can be interpreted by
machines. Ontologies are used in the artificia@lligence domain, the Semantic Web,
and in software engineering and information arciitee as a form of knowledge
representation about the world or some part dtheir nature allows a computer to

reason about the information and relationshipsainad in the ontology.

Topic Maps (Figure 9) is an ISO standard (ISO/IB250:2003) for the
representation and interchange of knowledge, witbraphasis on the findability of

information.

Topics are basically abstract subjects with namesgurces, and relationships as their
characteristics. A topic map can represent infoiwnadbout the structure of
information resources used to define topics, (wlas@h be any concept, e.g. people,
countries, organization, software modules, filegrngs...), and the relationships
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between topics. In general, the structural inforamatonveyed by topic maps also
links the topics to specific information resourcekevant to these topics (i.e.
occurrences), and relationships between topicsassociations). In addition,
information objects can have properties (calle@fagpes), as well as values for
those properties. A topic map can be imaginedraslidimensional topic space - a
space in which the locations are topics, and irctvine distances between topics are
measurable in terms of the number of intervenipgcewhich must be traversed to
be able to get from one topic to another. Also, tefmcs may be connected through
an association, but they can also be connectedrtoe \of sharing an occurrence.
Topic maps are thus quite similar to semantic neksvand both concept and mind
maps in a lot of ways. They can be thought of a&slays on sets of information
objects [ISO/IEC 13250:2003].

Topic —i
.\ / \ Tapic
.;-/ Tapic / ‘ *
\ Topic
Association —. Ceeurrence

Figure 9 - Topic Map [Wikipedia Topic Maps]

Both ontologies and topic maps provide a richneske description of information
objects and relationships between these objectsc@rrrences in topic map
language) that is unparalleled by traditional dasa&s such as relational databases.
This metadata richness and the possibility to des@omplex relationships plus the
possibility to reason about them when using onte®glso provides more appealing
ways of accessing and manipulating data and relstips than provided by any
traditional database system. In summary, both ogtes and topic maps represent
suitable technologies to describe the domain aigouwith instances of tourist

attractions.
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However, the higher complexity of the design of slgetem by using ontologies or
topic maps over other possible technologies is pifiable if one exploits the way

that relationships are defined are reasoned ahauritblogies or topic maps.

However, early on in the project it became cleat thsophisticated planner which
would benefit from the added functionality providegontologies or topics maps was
out of scope of this project due to time restraamd therefore a simpler background
information representation needed to be found,awuitlthe richness in the description
of relationships. It was decided that the metadatxribing sightseeing concepts and
their containing tourist attractions could easiyrbpresented with a treelike structure

of information.

Therefore, it was decided to represent the comerttel and data using XML. XML
(Extensible markup language) is a W3C initiativatthllows information and services
to be encoded with meaningful structure and semsithiat computers and humans
can understand. XML is extensible and flexiblehattusers can define their own
metadata description tags and the XML documentbeachanged and modified at a
later stage without having to change any other aorapts of the system. The syntax
and form of an XML document is usually describedtbyschema written in a schema
definition language such as DTD or XSD which defime structure, content and
semantics of XML documents in more detail, i.eterms of constraints upon what
elements and attributes may appear in the XML d@mintheir relationship to each
other, what types of data may be in them, and dthegs. Therefore, in the tourism
example, the tourism/general content, rules on twopltan a day and the user’s
interests are described in an XML. XML also hasdteantage of providing a

universal format for transferring information ovke internet.

The general XML schema for the initializing XML re=eto contain the following
information: the names of the categories and selgcaies and the names of the leaf
items that the (sub-) categories contain and tii@liconstraint amount associated
with it.
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3.4.6 Server hosting and Information Relay Technology over the
Internet

It has been decided to use Apache Tomcat 6’s $dedkenology to host the backend
technology and website on which the tool will baiéable. Apache Tomcat is a web
container, or application server that provides marnrenment for Java code to run in

cooperation with a web server [Apache Tomcat].

3.4.7 Mapping Output

There is a choice to be made of which mapping so#wo use. The most common
ones are Multi map, Map Quest Mobile, MSN/WindovigelLSearch Maps, Ask
Maps, Yahoo!'s Yahoo! Maps and Google’s Google Mapast online mapping
services offer a developers API to facilitate inpmyation of their maps in websites or
other online applications. Ask Maps, does not pte\a developer API while Multi
map and Map Quest charge a fee for the incorparatioghe map on a website and
only allow free linking to the mapping websites alidition, Map Quest does not
offer satellite imaginary although they do offee frovision of maps and driving
directions to any Web-enabled mobile phone or PRxAugh Map Quest mobile.
Windows Live, in addition to providing an overlyroplex API, does not provide
high quality. Yahoo Maps and Google Maps are theremaining choices. Reading
reviews and articles about the two, both servicesewated equality on performance,
usability and popularity. It was the personal ckat the author to use Google Maps
rather than Yahoo! Maps in this application asdaographic interface of Google
Maps seemed to be more appealing to the authoexample screenshot of the

output is shown in Figure 10.
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Figure 10 - Mapping output in Google Maps
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4 Architecture Implementation

All of the development and implementation was earout on a Dell Latitude D400
laptop which comes with 512 MB of RAM and an In@antium M processor with

1.4GHz processor speed.

The technologies used in the implementation arehFa0, ActionScript 3.0 — both in
the Flash CS3 Professional development environn¥ait,, XPath, Java 1.6, JDBC,
JDOM - supported through the Eclipse environmentSHL in conjunction with
MySQL Administrator and Query Browser, Google M&# [Google Maps API],
JavaScript, HTML, and HTTP.

4.1 Software Implementation History

After installing the necessary software, settinghgvarious development
environments and familiarization with some of tlesvrtechnologies, especially Flash
9.0 and ActionScript 3.0, it was decided earlyhea implementation prioritise getting
the information flow between all important compotseiunctional and then to

concentrate on implementing these components.

This meant that information flow in both directiomseded to be set up, firstly
between the Flash interface on the client sideth@dPlanner on the server side,
followed by linking up the Planner with the Useef@rence Modelling Database and
the Tourist Attraction Database. The integratiothef planner with the mapping

module was the last step in the implementation@has

The next step was to implement the componentsdaraf importance and risk. As
the graphical user interface is such an importapéet of the project and most likely
to change after user feedback, it was the firstpmment implemented. Within the
user interface, focus was first placed on the pesiee setting tool and then on the

calendar/planner output view.
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Initially, and for more efficient testing purposéise Flash/ActionScript Ul did not use
any data input but rather employed a dummy datarg¢ion function for the
initialization of the Ul. Further into the implentation a database of real Dublin
tourist attractions was slowly built up until itdhachieved a size that was usable to

demonstrate the potential of the tool in the contéxa Dublin tourist.

As the Planner and therefore the generation ofilslensutput were only secondary in
importance after the user interface, a dummy plan@s used throughout this
process that had no intelligence associated wiihtitould generate the correct
output format that was to be fed back into usesrfate. It was envisaged to leave the
implementation of the planner until the implemeiotabf the user interface had
reached a high level of completion.

It was initially planned to use the Adaptive Engdto realize the planning and an
attempt was made to do so, but when the implementaf the planner had begun
and the demonstration deadline drew closer, itinecapparent that a satisfactory
standard of the planner could not be reached ia.tiFhis was due to the considerable
learning curve associated with using, developingfal designing a sensible rule
model and narrative for the Adaptive Engine, esgdlcif one is not familiar with the
logic programming concept. Instead, to show attlgespotential that a planner could
have, it was decided to then concentrate on theldpment of a more lightweight
planner without using the AE, which arrived at anpier solely written in Java. The
reason why this was deemed to be a tolerable decrgis because the planner was
not the focus of this project and that it would &deen possible to realize the planner
with the Adaptive Engine and therefore use thegatential and functionality offered

by the Adaptive Engine if time had allowed it.

Finally, the mapping output was implemented usireg&oogle Maps API resulting in
a complete end-to-end system with the data flowpietad from server to
presentation layer to input, into planning and awgtiput back to the presentation

layer.
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4.1.1 General Database Format

As explained in the design, the general databagerahimum has to contain the
metadata that describes the categories and the ¢entained in the categories.
Optionally, each instance in a category may corftaiier information, for example

a link to an image file or a description

The format of the minimal general database XML ffits to adhere to the following

schema (Figure 11):

<Puarl version="1.0" encoding="utf-8" 7
<Categories domamn="domam" >
<BubCategory level="numb er of level" name="categoryname" >
<Leafltern>
<MName>Cat 1 Itern 1</ Mame>
<Constraint>90<f Constraint >
<Leafltem>
</BubCategory>
</Categories >

Figure 11 - Minimal General Database XML format

The example XML file (Figure 12) used for the pwsp®f illustrating the general

concept has the following format:
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<tzml version="1.0" encoding="utf-8" >
<Categories domain="general" >
<BubCategory level=" 0" name=" Category 1" >
<Leafltern>
<Mame>Cat 1 Item 1</Mame>
<Constraint>20</ Constraint >
<Image>Picture? pg</lmage>
<Description>BLA <V Description>
</Leaflterm>
<Leafltern:>
<Marme>Cat 1 Item 2</Name >
<Constraint=90</ Constraint>
<Image>Picture? jpe<Inage>
<Description>BLA <V Description
</Leaflterm>
<Leaflte m>
<MName>Cat 1 Item 3</Name>
<Constraint>90<{ Constraint >
<Image>Picture? jpe<TIrage>
<Description>BLA < Descriptions
</Leafltern>
<Leaflte rns-
<MName>Cat 1 Item 4</Name>
<Constramt>90=/ Constramnt>
<Image>Picture pg</Tmage>
<Description>BLA </ Description>
</Leafltern>
</SubCategory>
<3ubCategory level=' 0" name=" Category 2" >
<Bub Category level="1" name="Bub Category 1" »
<Leafltemn:>
<Mame>Cat 2 BubCat 1 temn 1</Name:>
<Constrant>20=/Constramnt>
Image=Picture3 jpg</Image>
<Description>BLA</Description =
</Leafltermn>

</BubCategory>
</Catesories>

Figure 12 - Example General Purpose XML

4.1.2 Dublin Tourism Attraction Database Extensions
In addition to the information mentioned above, tilwgrist specific XML needs to
contain additional data that accommodates forrifgmation needed by the planner

to create sensible output, such as opening daysiraed, entrance fees, possible

maximum or minimum visiting times, the latitude dodgitude of each tourist
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attraction, a rating, an image and a descriptioiefitem. An example of the tourism

specific XML file is shown below (Figure 13):

<Pzml version="1.0" encodimg="utf-8" 7
<Categories domamn="toursm" >
<BubCategory level="0" name="Art" letter="C">
<Leafftem>
<Marme=National Gallery </Iame >
<OpeningTimes>
<DaysCpen>1,2,3,4</DaysOpen’>
<HoursOp en timeUn t=" min" =570- 1080</Hours Open:=
<DaysCpen>5, 6</DaysOpen>
<HoursOp en timeUn t=" min" =570-1020</Hours Open=
<DaysCpen>7 </DaysOpen>
<HoursOp en timeUnt=" min" »560- 1020</Hours Open
</OpeningTimes>
<EntranceFee>
<Adult currency="EUR" =0.0</A dult>
<Btudent currency="EUR">0.0</Ztudent>
<Child currency="EUR" >0.0</Child>
<Benior currency="EUR" >0.0</3en ior>
<Family currency="EUR">0.0</Family>
</EntranceFee>
<Constraint unit=" rmin" >120</Constraint>
<M irmumunit=" min" >NA <M inimm me
<Mazirpmunit=" rmin" =MNA </Maximm =
<GP Location ><Latitude=53.34 0873 </Lat tude><Longitude>-
6 252557 </Longitude></ 3P3Location >
<Ratmng>4 9</Rating>
<Image>NationalGalleryOfIrelan d. jpg</Image>
<Description>National Gallery.. . </Description
</Leafltern>
<Leafftem>
<MNarne>=Hugh Lane Municipal Gallery of Modern Art</WNarme >
<OpeningTimes>
<DaysCpen=2 3 4</DaysCpen>
<HoursOp en timeUn t=" min" *370- 1080</Hours Open=
<DaysCpen>5, 6</DaysOpen>
<HoursOp en timeUn t=" min" =570-1020</Hours Open=
<DaysCpen>7 </DaysOpen>
<HoursOp en timeUnt=" min" =560- 102 0</Hours Open
</OpeningTimes>
<EntranceFee>
<Adult currency="EUR" =0.0</A dult>
<Btudent currency="EUR">0.0</Ztudent>
<Child currency="EUR" =0.0</Child>
<Benior currency="EUR" >0.0</3en ior>
<Family currency="EUR">0.0</Family>
</EntranceFee>
<Constraint unit=" min" >90</Constraint>
<Mmnimumunit=" min" =0</Mn imams
<Maxirmmunit=" rmn" >360</axinm m>
<GP3Location >
<Latiude=53 3541 74</Latitude>
<Longitude=-6. 264724</Longitude>
</JP3Lecation>
<Rating=5 0<YRating>
<Irmage>HughLaneCallery. jpg</Image>
<Description>The High Lane Gallery has a fine collection.. .. </Description >
<Leafltern>

Figure 13 - Example Tourism Specific XML file
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4.2 Planner

4.2.1 Java Planner

Due to the reasons outlined above, the planneimpalemented as a Java class. This
implementation decision was taken due to its ptatfmmdependence, and its straight-
forward integration with existing web and databistnologies. For example,
libraries for the interaction with relational dadsles, such as MySQL are readily
available, namely JDBC as well as libraries foremsing and manipulating XML
documents, namely JDOM. JDOM is a Java-based wrapgpdementation of the
Document Object Model (DOM) that provides a compktlution for accessing,
manipulating, and outputting XML from Java code (J]. The main advantage for
using JDOM rather than accessing XML files direet$ytext files is performance gain
as it is much faster to access and manipulate a Dgalfed into memory than to read
the XML file in as text file and manipulate it thaty. In addition, XPath can be used
to uniquely reference or query any node of an XNtument or DOM. XPath

[XPath] is a small query language that can be tsedidress parts of an XML
document which it models as a tree of nodes. Famgike, XPath can be used to
retrieve specific information from elements withie metadata models. XPath also
allows the use of wildcards in query expressionfaib partial matches. Another great
feature of XPath is that it allows querying comptebationships, e.g. it can search for

all the ancestors, descendants, siblings etcspgaific node.

4.2.2 Planning Algorithms

If the planner has to have any intelligence assediwith it, it will inevitably have to
be specifically designed towards the domain ofitberest and preference setting
tool. However, a very basic general planner wittyVienited intelligence is still
possible and will be described in the followingtgat followed by a section
describing a possible tourism specific planner.
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4.2.3 General Planning Algorithm

The general planning algorithm has been designétkifollowing way: All the data

for this specific user in the interest modellingatmse will be retrieved, i.e. the items
that the user has expressed an interest in, teedéwis interest in these items and the
amount of constraint associated with this item.sehéems will then be ordered by
interest, starting with the item with the highestdl of interest associated with it

downwards to the item with the lowest interest.

Assuming a start value of 0 and supplying a maxinvaiae for the constraint, the
planner iterates through the items starting froetighest interest and fills up the
plan with these items one by one until the nextite be added to the plan exceeds
the constraint to over the maximum allowed. At gtege, this item is discarded and
the next interesting item is tested if it fits inke plan without exceeding the supplied
maximum constraint value. So, either when all itérage been added to the plan or if

the plan is full and no further items fit intotihen the algorithm stops.

While this planner has only very limited intelligem) it still serves the purpose to
output a plan with items ordered by interest umtkertain limit has been reached. It is
envisaged that this planner could be used as api@seer that could be extended to a

more intelligent planner.

4.2.4 Tourism Specific Planning Algorithm

The tourism specific planner is basically an ext@mso the basic planner and is
envisaged to work as follows: First of all it retres all the information from this user
from the user interest modelling database as beftns information contains the
(sub-) categories of or specific tourist attracsioime level of his interest he has
expressed in visiting these attractions or grodgtoactions and the amount of time
he plans to spend on each attraction/ (sub-) ceteriattraction. These tourist
attractions will then be ordered by interest leg&dyrting from the highest going to
lowest. A tourist’'s day will have a given start &rand location as well as end time
and location as supplied by the user.

If the current most interesting item is a speddittaction, the planner will try and

schedule a visit for this attraction as descrihether below. However, if the item is a
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general (sub-) category, the planner shall go mdf itrieve all the specific items
below this node in the data tree. For each of pleeific attractions under this node,
the planner shall go off and calculate the traweés to each attraction and from each
attraction to the following one in the scheduléha first available slot. Taking the
total travel time for each item in the first slahd taking into account the rating for
each attraction, a formula should be employed whiithdetermine the best
compromise between total travel time and ratinglicg attraction and therefore
choose which attraction should be attempted tacheduled into this slot first. The
planner shall then iterate through all the posssblecific attractions under the given
general category in order of best travel time/gatompromise and try to fit the
attractions into the given available slot by thgoalthm as described further below
until either all the time that the tourist woullldito spend on this category has been
planned out or none of the possible attractionisfitt the given slot. If the planner is
successful in scheduling an attraction into thelabke slot, the attraction shall be
removed from the list of possible attractions urtties general node and the time the
tourist would like to spend on this general catggidrall be reduced by the time
planned for this attraction. The planner shall theave on to the next best specific
possible attraction in this general category wégards to total travel time and rating
and tries to schedule it into the remainder obegslinot exceed the time to be spent on
this category. If the planner is not successfidaheduling this attraction into the
available slot, the planner shall go on to takentiet best attraction from this general
node in terms of total travel time and rating amestto schedule it into the available

slot.

The way that an attraction is being scheduledantavailable slot has been
implemented as follows: the planner takes the oua#raction and the first available
slot in the tourist’s schedule and if it is not tained in the tourist’s schedule yet,
subsequently calculate an approximate travel torthis attraction from the previous
location as well as the travel time to the follogvincation. The next thing that needs
to be checked are the opening times of the spedtifiaction and if the attraction can
be visited within the slot available, taking intccaunt the opening times of the
attraction, the amount of time the tourist wouletlto spend there or the average time
spent there if the attraction is one of a list efgral attractions as well as the travel

times from the previous location to this attractasnwell as from this attraction to the
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following location. If the attraction is open loegough during the available slot and
the travel time there and to the next attractigetber with the spending time there fit
into the available slot, it will be planned intoglavailable slot. If the slot is too small,
the amount of time planned to be spent there blealeduced incrementally if the
attraction does allow for a time reduction andglaner then shall attempt to fill this
attraction again into the current slot. If up toeatain time reduction limit is reached
and the attraction still does not fit into the dale slot, the planner shall move on to
the next available slot in the day and repeat theduling process as before. If the
given specific attraction came from a list of pbsesispecific attractions under a
general node, then the list of possible speciti@etions shall be re-populated with all

possible specific attractions under this node.

If the given attraction cannot be planned into ahthe available slots even after
possibly reducing the time to be spent there bexatithe attraction not being open
or not open for long enough during these slotherstot being to small or the travel
times taking up too much of the slot time that@abugh time is left to visit the
attraction in the open times, then the attractsodiscarded from the list of interesting

attractions/possible specific items under the giyeneral category.

4.2.5 Output Format for User Interface Output and Mapping Output

A general output XML only needs to contain thedwling information: the start
constraint value of a scheduled item (e.g. timenoney), the amount of constraint it
takes up and the order of these scheduled itemsxample is shown below in Figure
14:
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<?zml version="1.0" encodmng="utfs" 7>
<PlannerCutput:

<Interestltem:>
<InterestNarme =InterestMName</InterestNa me>

<Btart Va lue=0</Start Value >
<A mount=29<f Amount >
<fInterestTtern:
<Interestltern=
<InterestName > InterestlName </InterestlName>
<BtartValue=29 </StartValue>
< Amount »10< A mount >
<fInterestTtern:
</PlannerCutputs>

Figure 14 - Example planner output XML

In the tourism case, a second output XML file gatext that is interpreted by the
Google Maps API to display the items on a map witbctions on how to get from
one item to the next. An example XML file for inpeetation by the JavaScript for the

Google Maps display is shown below in Figure 15

<?xml version="1.0" encoding="utf-8"7>
<PlannerOutput>
<InterestItem=
<InterestName>0O Connell Bridge</Interes tName>
<Start Va lue=0</Start Value>
<Amount>0</Amount=
<letter=A</letter>
<marker=
<Latitude>53.347254</Latitude>
<Longitude>-6.25909</Longitude>
</marker>
</InterestItem=
<InterestItem=
<InterestName>Travel Tiune</InterestName=
<Start Value>541</Start Value>
<Amount=>82<
</[InterestItem=

</PlannerO utput>

Figure 15 - XML for Google MAP display
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4.3 Use case scenario

An example of how a user could use the tool is mesd in the following.

Upon loading the interactive Ul the user is presdntith categories of items, in the
case of the tourism example with categories oftsgging attractions such as
Museums, Art, Shopping etc. The user can then tthegg circles toward the
reference circle if he has an interest in themeocdn expand these circles and drag
subcategory or specific leaf items towards theatapprding to his interests. ltems
that he is more interested in he should drag nearte reference circle. The user
interface will make sure that other circles arehmasout of the way in two different
ways depending on the situation. In one situati@nd is much space left around the
reference circle, then any other attached circidswoved around the reference circle
to make space for the dragged circle. Howevehgfarea around the reference circle
is so crowded that the dragged circle will not ket into that area even by pushing
the other attached circles around, then the legstasting attached circle that is in the
way is being pushed further away from the referemade. If the user would like to
delete an option from the middle reference cirateyould drag the item out of the
interest area until the connecting line breakthdfcircle being deleted was a specific
circle and its parent category was not expandéageatime of dragging, the circle will
just disappear, in any other case it will just stdyerever the user dragged it to. In
addition, the user can change the size of theesirieefore or after dragging them into
or out of the interest area to indicate a diffe@mbunt of the constraint, in the case
of tourism more or less time to be planned fortiigithe specific attraction. When
the user is happy with the preference and constsaitings he can push the reference
button in the middle to call the planner. A momiaér a possible schedule will
appear on the right hand side of the screen. Heéhsamaccess all the attractions
overlaid onto Google maps which will also give hime directions in the order of his
visit. If the user is not happy with it, he can eba preferences, times and add or
delete more items to the day and then call thenglaagain. He can do this until he

has found a satisfactory plan. Some screenshadkgésgbrogress are provided below:
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Figure 16 - Tourism Tool Start-up Screen
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Figure 17 - Exploring options, specifying interest&nd preferences
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4.4 Implemented Functionalities of the tool

The final tool contains the following functionadisi:

* Any (sub-) category circles can be expanded toiteaf level. When the
circle expands to show the next level circlesna Is being formed between
the category circle and the child circles.

» If the user un-expands the category circle, aldcan circles that have no
interest associated with them will disappear, batdhildren circles of this
category that have an interest associated with th#irstay in their original
position.

* Any circles can be dragged around the screen Wwéhrouse apart from the
reference circle in the middle.

» If a (sub-) category circle is expanded, and ther dsags the (sub-) category
circle, then all circles that have no interest agged with them will be
dragged with it. Circles of this category that hawneinterest associated with
them will remain in their original position.

» A double click on a specific item leads to the appace of a more detailed
description about this item in the left hand coroiethe screen which will
initially have screen focus or retain screen foshen the mouse is hovered
over it.

» Upon clicking the reference circle, the plannel W called to fill the
schedule and in the case of the tourism domainag@anap will be overlaid
with the items in the tourist’s schedule.

* Any circle will receive screen focus and be pufrant when hovered over it.

» All circles apart from the reference circle dispiapame describing the entity
they represent.

» Leafitems, i.e. instances of the category showck@round picture, whereas
(sub-) category circles are coloured uniformly.

» All circles can be resized apart from the refereticde.
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* The user can add specific items or general cimesmix of both, even of the
same category to the day by dragging the apprepeiatie(s) into the interest
parameter.

* When dragging items towards the centre circle aedriterest perimeter is
traversed, then a line is being formed betweemdfexence circle and the
dragged circle. This line visualizes the interbstuiser expresses on this item.
In addition, a small circle will appear in the miel@f this line that changes
colour depending on distance of the dragged cantethe reference point. It
will be blue when the distance is big and the eders low and change
incrementally over purple to red with reducing thstance.

* When the dragged circle touches the referenceecitioe interest in this item is
100%.

4.5 Implementation issues

45.1 Coordinates

To retrieve the coordinates for the Dublin touaigtactions, each tourist attraction
needed to be found on Google Earth, the mouseglager it and then the latitude
and longitude displaying the mouse position omtlag needed to be manually
written down for this attraction and input into tBeablin tourist attractions database.
These were then displayed on Google Maps and ctidokaccuracy and
correctness. This tedious process was completaddoe than 50 Dublin tourist

attractions, enough to demonstrate the potentitdeplanner and mapping output.

4.5.2 Estimation of Distance and Walking Time

The calculation of distance did not employ Googlepsl routing functionality
because of the issues described below. Insteadjréet distance between two
locations was calculated using Pythagoreans forfnoita the latitudes and longitudes

of the coordinates in decimal forma. The resulting-less number was then
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multiplied by a factor of 2000 which produced tiveaf walking time estimate. This
factor was chosen by estimating what time a paeétdurist might take to leisurely
walk from one location another and comparing theetwith the distance between
those locations. The factor was then calculateditaging the time estimate by the

direct distance as calculated before from the doatds.

4.5.3 Google Maps routing functionality

Unfortunately the Google Maps API does not supdoégctions and routing for non-
motorized or non-vehicular traffic such as bicyglor walking. Instead it adheres to
the one-way system and chooses going along biggeam roads before smaller

distance for the routing.

4.5.4 Rating versus Travel Time Compromise

When the tourist indicates an interest in a whakegory of tourist attractions, such
as “Art”, then any of the attractions containedhirs category could potentially be
planned into the tourist’s day. In a given slotfitml out which of the possible “Art”
attractions to try and fill into the slot, for eaattraction the travel time to it and from
it to the following location will be calculated described in the design section. Then,
for each attraction the rating for this attractwiti be multiplied by 10 and then the

resulting value divided by the total travel timeim$ollowing formula:

ratingVSTravelTimeValue = attraction.getRating(@ / totalTravelTime;

The attraction with the highest resulting value \wé deemed the best attraction for
this slot in terms of distance from the currentllb@n and the rating. This formula
was determined by trial and error and is an amyita@proximation. It might be useful
research how much influence rating has in comparisdotal travel time to get a

better compromise.
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455 Time Reduction Limit

As mentioned in the design, if the given attractioes not fit into a given slot, either
due to the slot time being to small to fit in wal§githere, visiting the attraction and
walking to the next attraction, or because the opgetimes start too late before the
slot ends or end too early after the slot stahnes) the time for this attraction will be
reduced incrementally by one minute and anothengit will be made to try to fill in
the attraction into the given slot if the attraotallows for a time reduction. This will
be repeated until the time reduction has reacHhwditaof 85% of the original time, at
which stage a further attempt to fit in this atti@c into the given slot will be
abandoned. Again, this limit has been chosen arbitrand it would be useful to find

out how much of a time reduction would be tolerdigad tourist.

4.5.6 Start and End Times and Locations for Tourism Specific

Planner

The day of a Dublin tourist has been chosen ta atéfdam at O’Connell Bridge in the
city centre of Dublin and end at 10pm again badR’&@onnell Bridge. While these
times and locations are not configurable in thegpam for now, it is planned that

these be administered dynamically by the usererfuture.

4.5.7 Cluttering Problem

It appeared that if there were many leaf items/atdgories attached to one circle,
that the area would be very cluttered and thairttieidual leaf items would be more
difficult to see. It has therefore been decided ithere are more than 10 items
attached to a (sub-) category circle that thesddviam out in an alternating manner,
so that every other item would fan out by a smallstance than the other half
(Figure 20). In addition, the circle that is belmyyvered over gets the focus, i.e. it will

be in put in front of every other item on the scree
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Figure 20 — De-cluttered

4.5.8 Meaning of the Size of the Circle

It was later decided that the size of the genéeats should indicate the amount of
specific items that it contains, i.e. if there andy few “Museums” to visit, then the
general “Museums” circle should be smaller thathéfre were many museums to

Visit.

4.5.9 Distinction between General and Specific ltems

In addition, it was later decided to have all itam¢he shape of a circle. General
categories of items, i.e. which are expandablecamtain further items/subcategories
of items, and specific leaf items are only distiisped by the background of the
circle. General (sub-) categories are colouredoumly blue, whereas the specific

items have a pictures displaying the specific itema background.
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5 Evaluation and Future Work

5.1 Evaluation of the Mock-up

As mentioned in the design section, a mock-up efttiml was created early in the
project phase using PowerPoint before implememtdtaal commenced. This mock-
up was developed to test the proposed system aifisplly the visualization
metaphors for acceptance and usability and toegetifack on the idea. It was
intended to be a qualitative test rather than ataéive test to get a first idea and
also to elicit further ideas and suggestions fgeronements and changes. The design
could then be modified accordingly to accommodatersgecessary changes. This

mock-up was presented to and evaluated by a grbolp people.

5.1.1 The Test Group

The test group consisted of twelve volunteers, asag of seven male and five
female volunteers and of which ten were in theragge from 24 to 28. One male
was 47 and one female was 35. With regards to ctanpe in using technical devices
such as computers, mobile phones or PDAs, ten tedus indicated that they would
be very familiar with using computers and two feemablunteers indicated that they

would be using computers quite a lot and moderately

With regards to frequency of travel per year, theas a difference of a magnitude

found in the answers, ranging from one time per y@#en times per year.

However, when asked about how often these woulddeccity breaks, the answers
given were quite homogeneous, ranging from 2-4dimgear. With regards to how
many days they would on average spend on a cigkbtee most common answer
was 3 days with 2 individuals indicating longer ¢iperiods (5 days and 5-8 days
respectively) and two individuals indicating shotiene periods (2 days each).

Finally, most people specified that they would spahout 2-3 days on average
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sightseeing when on a city break, with one indisidadicating a shorter time of 1

day and another indicating a longer time of 3-6sday

There has been observed no remarkable differerteeebe genders in the answers in
most cases. The reasons for this could be that amalédemale users mostly agree in
their answers or that the test group is too smatijpose any gender specific
differences or both. In addition, the group is g@thomogeneous group with regards
to age (apart from two people of significantly aldge) and comfort in using
technical interfaces. Because of these reasonsesiidis are being presented without
test group stratifications and only where there aasticeable difference in answers,

this will be acknowledged.

5.1.2 Results of the Mock-up Evaluation

System Understanding

All people agreed or strongly agreed that it i:cl@hat the system is trying to
achieve, except for one person who did not agetesystem was explained in
more detail to this person. Similarly, all peopégeed or strongly agreed that it is
understandable how the system could be usefullpirfieto plan a sightseeing day in
Dublin. These answers were used to see that thensysas explained to them in
enough detail to be able to answer the followingsgions. Finally, all people
understood that the items in the visualizationegponded with items displayed in the

calendar.

General User Interface Acceptance

11 out of 12 people did not think that the systeas woo complicated to use, whereas
one person thought it was too complicated. Thegmevgho thought it was too
complicated gave explanation that he thinks it \ddaé too complicated to use if its
purpose was to be placed on a terminal in an digrdrotel lobby, but that he could
envisage that people would be able to use it astaapplication on a website. He
bases his opinion on the assumption that peoplédwather learn to use such a novel

interface in a surrounding when they are not presstor time as in an airport.
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Obviously, only real usability tests of the finabduct would be able to answer the
guestion if people think it is too complicated seubut most people thought that once

the fundamental concepts were explained it is ebrgr how it works.

With regards to how intuitive the interface is,éople thought that it was intuitive to
use, 3 people were not sure and 1 person did wetagi answer. It might be worth
remarking that all of the women thought it was e to use, whereas the men were
of more mixed opinions. One of the people who weresure about the intuitiveness
of the tool noted that the interface has greatmg@tkfor intuitive use but that he
thinks it is not there yet and that the two maingda need to be more obviously
linked.

11 out of 12 people also agree or strongly agraethe visualization is useful for
planning a sight seeing day. The one person thataliagree commented that
whereas he thinks that the visualization is nofulder visualizing a plan, it is a very
useful, intuitive way of entering the data and tth&t right-hand side is the most
intuitive way of seeing the resulting schedule.sTit@sult confirms the applicability of

this tool to the tourism domain.

Acceptance of Visualization Metaphors

With regards to the two main concepts, i.e. to alige the amount of an entity with
the size of a shape and to visualize the inteneshientity by the distance of this
shape to another shape, the questionnaire gavéynpasitive feedback.

Participants unanimously agreed that the size/tetegionship is a good metaphor for
displaying the amount of a constraint, with 3 peapten strongly agreeing to the
usefulness of the concept. One participant notatitbie size/time relationship needs
to be consistent, e.g. by using a logarithmic stiscaling the circles. Another
participant mentioned that a pop up that woulddaté in real terms, how long the
item is now set to be, i.e. 45 minutes etc. Itloarconcluded from this result that
visually representing the amount of some propeytthle size of an object seems to be

a useful visualization.
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The result of the questionnaire with regards todistance/interest relationship was
more controversially received however. 8 out op&dple thought that this concept
was useful, whereas 2 people disagreed that theepbwas useful, the rest being
undecided. Some people thought it might be hajddge the distance and somehow
preference levels needed to be emphasized moré,voas hard to tell at this stage

due to the static nature of the mock-up.

However, when asked if it would be helpful to usether metric, e.g. a counter to
show preference levels in addition to the distattoefield was much divided in their
answers. Whereas 3 people strongly disagreed gwtandary metric should be used,
the rest thought it would be good to use a secgnaetric. Suggestions to what kind
of secondary visual clue or metric could be usieely suggested
» thickness of lines depending on distance, i.enttaer and therefore more
important the object the thicker the connecting imd the further and
therefore less important the object, the thinnerdbnnecting line
» acounter displaying the level while the mouse In®w&er an item
* agauge that changes when you move the item around
* athermometer like object changing temperaturethakfore visualizing
importance (the concept of the hotter, the moretadhand the colder, the less
wanted)
* using dashed concentric circles around the mideflErence point
» acolour system for the connecting line, the datkerconnection, the more it
is wanted
» the colour of the circle border
However, different people preferred different setany clues and disliked others, so

that no decision could be taken as to if and wketondary clue to use.

On the question if the difference between genéigh-level categories, which are
represented as grey circles and specific, lowestlidgms, which are represented as
rectangles, is clear, 10 people thought it wasr@ded 2 people thought it was not.
One of the people who disagreed commented thassilgp more intuitive item for
high level container, e.g. a box that opens upsacor a folder or some other item

that is generally used for this would make theeddhce clearer.
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Interface Functionality Acceptance

9 out of 12 people thought the add/delete mechan&m easy to understand, whereas
2 people disagreed and one person was not sure; peaple however thought that
the use of a trashcan for the deleting of itemsld/be a very useful and general

concept to use and would add intuitiveness to lwodetete items.

All people agreed or strongly agreed that that dlear that changes in the
visualization are reflected in the plan on the rigand side. E.g. by adding/deleting
an option in the visualization, the item will bedad/deleted from the plan on the
right. It seems that the trashcan metaphor shaaikdken into account when

designing the final implementation.

Similarly, almost all (9 out of 12) people strongigreed and 2 people agreed that the
calendar should also allow changes, which will thenreflected in the visualization.
E.g. changing the time spent on attractions on yight will adjust the size of the
circle/rectangle in the visualization. The remagnperson could not make up her
mind. One person even thought that you should ketaliype in items into the

schedule that should then appear in the visuatizati

With regards to the functionality that items aragiyed away from the central "My
Day" circle when one tries to add another itemrt@lzeady full day, 9 out of 12
people thought it was clear to them why the itepesb&ing dragged out, whereas 2
people were not sure and one person did not gianawer. One person commented
that this concept is good, as it reinforces therpyi/distance metaphor. However, he
also thought that activities should not disappemalise everything else is higher
priority but should be greyed out etc. as it isiagfawhat the user expects to happen.
Of the 2 people who were not sure, one thoughtrtitat visual clues are needed,
such as flashing the item to be deleted or pop tgplaip the first time a deletion
happens or otherwise highlight the item visuallystimmary, it seems that the
general feeling was that it is good that the itemesmoved out of the way, but the

user should be alerted of the deletion through somans, e.g. a tool tip or that the
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item should not disappear at all, but rather becgreged out or nothing should

happen at all. This feeling was confirmed in furtscussions.

Planner Functionality

All people thought that the concept of high-levielnming, i.e. adding a whole
category and letting the planner choose the begirgpis a very useful concept.

Also, all people agreed that it would be usefueny useful to have a time lock so
that items would not be moved around any more bysttstem to a different time in
the day. One person commented that a locked iternd &@ marked with a clock icon

to visualize the time lock.

On arelated issue, i.e. the usefulness of beitegtalspecify a time range for specific
items/high level categories of when it should hapgering the day, e.g. afternoon,
1pm-6pm, etc. most people agreed or agreed stronglythis would be useful with 2
people not being sure and even 1 person disagrdemgght be worth noting that the
latter 3 people were all female. One person cometkthiat it would be sufficient to
specify morning, afternoon, evening. Another perdmught that encoding of rules
like "keep these items as far apart as possible&Xample for meals, by using some

kind of spring-weighted constraint would be vergfus

All apart from 2 people who were not sure thouglat it would be beneficial to be
able to add items to the other categories, e.geeific restaurant that is not in the list.
One person pointed out that the usefulness ofuhistionality is debatable since the
system won't have any metadata about the new éocatiless the user is expected to
enter this metadata, but that's probably not teabksd that it would be unlikely that
the user (a stranger to the city) will have suéfitiknowledge for the system to
benefit from user generated content. Anther petisoaght it depends on the purpose
of the application. E.g. if it was at a kiosk, thewould not be useful. In summary,
most people do find this functionality useful, espdy in situations where a person
meets a friend who lives in the city they visit @hdy could specify the address and
time they meet so that this will be planned inte dlay and not overridden by their

sightseeing.
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Applicability to Other Situations

On the question if they could imagine any otharatibns in which such a

visualization would be useful, most people did taotome up with a situation

spontaneously, but when other possible situatiomghich the interface could be

applied to, they did see the potential in its geligt

| mprovement Suggestions

During the presentation and in the discussion datwinprovements could be made,

many more issues were highlighted by the partidtgpand some of the ideas are

summarized in the following:

The most important ideas that came up frequendy ar

some kind of optional mini-tutorial or introductideo and/or tool tips are
needed as the concepts are not immediately obbigiusake sense as a
concept once explained

a better continuity between the visualization dr&ldalendar, some visual
clue to link the item in the calendar with the iem the visualization,
possibilities are for example to highlight both #dry in the calendar and the
visualization upon hovering over either item or ecting the items in the
calendar with the items in the visualization witling on hovering over either
side; or one person came up with the idea thatsititom selected circles
should fly into the planner on the right, similarltow the MAC interface
minimizes objects into the browser bar

Represent items on the map

Output should include a map and other details

Any text should be minimized where possible

Transitions between items, i.e. the travel timevieen two attractions should

be made visible in the calendar
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Include a budget limit

Clicking on an item should make the descriptiothefitem appear
immediately, no separate clicking for detailed digsion should be required
Expanded options should un-expand automaticallynvémother category is
clicked

Other less frequent ideas that were mentioned were:

Order the circles around the day in order of attivi

Connections from the specific items to their pa@res should be hidden
and only shown when one hovers over the specdiu ibr the parent category
Use a clock face for the central day circle

The circle/square distinction for categories ofnseand specific items could
be the same

The central "My Day" circle should look very diféatt. So there should be
different looks for the “My Day” circle, generaltagty, concrete activity

Be able to select the top 10 sights of Dublin

One person thought that it would be useful if tightrhand side of “my day”
would expand and contract as items were addedeandvwed from my
itinerary. This way you could pick a starting tinaad one would have
another visualization of when activities are ocitiand for how long in your
day.

Create pop-up windows that adaptively suggest stuff

Be able to share the plan with other people, be tablook at other people’s
plans

Be able to collaboratively plan a day on the samberface in a distributed

manner.

5.1.3 Summary of the Mock-up Evaluation:

All'in all, the user interface and the visual métays utilized in it have received a

mostly positive feedback. This was the reason wydesign only needed to be

adjusted slightly, as all the important conceptgehaeen mostly accepted and the
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recommendations considered more intricate detatileer than the large-scale design

of the interface.

The results to the most important concepts are sanmad in the following
paragraph:

While the size/constraint metaphor was unanimoastepted, the
distance/preference metaphor has received moreismtwith regards to how
intuitive it would be to judge ones preference frihra distance. However, the
participants largely disagreed as to how this ctuéldmproved, so it was decided to
keep the design with regards to this metaphor bedisers decide again when the
tool is functional. It was later decided, during tourse of implementation, to
introduce a red-blue colour coded circle in thermating line that can also display
the level of interest as a percentage number. dthveged that this visual clue would
be an additional visual clue that is not too intredut yet helpful.

The concept of going from general to specific aanhd able to add a whole category

and let the system decide, was greatly accepted.

Some advice taken into the design that came upeibove evaluation were:

» Show the time in real terms upon hovering overstiepe border and while
resizing an item

* It was mentioned by some people that the shapseatems did not really
matter and that they did not necessarily needée wifferent if there was
another visual clue that would differentiate geh&ran specific items, so
during the design it was decided to use circleg ton objects and to
differentiate them by making general circles momoote in colour and
making specific circles display a picture of thedfic item.

* Pop-ups and advice windows should be made use eéfengossible to add

clarity to actions and reactions of the system

5.2 Evaluation Results of the Final Implementation

75



A second round of evaluation was initiated on thplemented tool. Due to time
constraints not all functionality proposed in theak-up and design could be
implemented to the full or to a perfected standaud all of the important concepts
had been realized, so that a second evaluation d@utarried out. The

accompanying questionnaire can be found in Appe@dix

5.2.1 The Test Group

This test group consisted of 13 volunteers of whaig/ht had acted as participants in
the previous mock-up evaluation and therefore woeldamiliar with the concepts.
The other five had no prior knowledge of the propcits aims. It has been decided
to test the project on these five people to séeeifconcepts used in the visualization
are easily accepted by people who were unfamiliir the concepts applied in this

interface.

The age range of this group was from 22 to 35 yedth the majority (eight people)
between the ages 24-26. The group of previousrsestasisted of six men and two
women, whereas the group of new testers consistediowomen and one man. The
travelling behaviour of the new test group withttbthe previous testers is higher in
terms of how often they would travel (average &ftéimes a year in comparison of
4.7 times a year for the previous group) and haerothey would go on a city break
when travelling (average of 5.7 days in comparigoR.5 days for the previous
group). However, with regards to how many dayswarage they would spend in a
city (new: 3.7 days, previous: 3.3 days) and howmyra these days they would
spend sightseeing (new: 2 days, previous: 2.6 ddysnew and previous testers were
comparable. With regards to familiarity with tectadiinterfaces, 7 out of the 8
participants indicated a high level of comfort am# female indicating moderate
level of familiarity. In the new tester group, gnerson had had high exposure to
technical interfaces, three had quite a lot ofrextBon and one person indicated a

moderate level of experience with technical integfa
No noticeable differences have been found in ttssvars given to in the
guestionnaire with regards to gender or betweemdéweand previous testers. Again,

because the rest of the characteristics of thepgnare quite similar, the results are
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presented with regards to the whole group andfémdinces are noted between

genders or test groups, then these will be mentione
Both the test group that had previously seen thekrup and the new testers received
a short demonstration of the tools functionalityslenvisaged that in a final live

version this task would have been taken over bymitutorial, introductory video

clip or other.

5.2.2 Evaluation Results of the Implemented Tool

General User Interface Acceptance

After having used the tool for several minutestedt group participants indicated
that they did not think that the tool was too coicgted to use, which indicates that
the tool might be acceptable by the larger public.

With regards to intuitiveness, five of the peoglesgly agreed that the tool was
intuitive to use, another five agreed that the tea$ intuitive to use and the
remaining three people were not sure, only oneto€lvwas from the new group.
Interestingly, two of the people who were not suege people who previously
indicated that they were not sure, whereas tworgibeple, who were previously not
sure, now are convinced that the tool is intuitveise. However, it seems that the

usage of the tool was received as natural by maslp.

7 out of the 8 previous testers think that the wotks as they expected it.

All of the participants were convinced (54%) oosigly convinced (46%) that the
visualization is useful for planning a sightseedlay. This result shows clearly the

applicability of the tool to the tourism domain.

10 out of the 13 people strongly agreed thatcatesr that changes in the visualization
on the left influence the planning output on tlghtj the remaining 3 people were not
sure. It had been mentioned previously in the ataln of the mock-up, that a better

continuity should be achieved between the visutitinaand the calendar. At the time
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of planning, this was not considered an issuejtth#s been realized that the system

could be improved in this area.

With regards to how to add and delete items froevikualization, 9 people thought
that it was very easy to understand, 5 people thiotigvas easy to understand and
one person was not so sure. One person commetstednite you the concept, it is

very intuitive and therefore very powerful.

Acceptance of Visualization Metaphors

With regards to one of the main concepts, i.e.gidistance of items from the central
"My Day" circle as visualization of preference, lallt one person who was still not
sure that the concept is useful. Interestinglyyioesly this person did think that this
concept was useful, whereas another person whoetasire previously is now
convinced by its usefulness. One person from thetaster group in particular
thought that this preference setting tool gives ymre control over the decision
taking process as you can quantitatively specifyr yoeferences — otherwise it would

only be a binary yes/no decision.

As there was such a difference in opinions witrardg to using a secondary visual
clue to make the preference levels clearer, thdheel range interest circle had been
introduced. When asked if the evaluation participdound this clue useful, the
opinions ranged from very useful (4/13) useful 8/hot sure (3/13) to not useful
(2/13).

The 3 people who were not sure commented thatittie evas a little small, but
could be useful, or that it would not make a defege as to if the circle was there or
not. One person in particular was of the opiniaat the use of a circle is repetitive
given that everything is a circle and does not ging visual cue that it represents
preference. He did not think the colour changenugh on its own to indicate
preference as desired. Instead, he suggestedpatternake use of arrows — up,
up/right, right, right/down, down — to indicate iopance. These arrows could be
coloured in green through orange through red (@theough blue as in the current

tool. However, he does not think that red throulyie lis a great colour range for
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indication of preference). One person who thoughiais useful to have this circle,
also thought that it should also probably be amel# that you can interact with,
otherwise it might as well not be there. The persbo did not think it was useful
indicated that he did not really notice the coloange and that it should either be
more obvious or should be removed. In conclusi@eé&ms however that most people

do like the circle as another preference visuabpatlue that is not too intrusive.

With regards to using another or additional meatrizisual clue to make the
preference settings clearer, the opinions agaie werch divided: 5 people were
strongly against and 4 people against using a secmtric. One person was not sure,
1 person thought another metric should be usedditian and 2 people thought that
another metric should definitely be used in additibhis result is similar to the test

result received from the mock-up were opinions whveded as well.

The people who did not think that adding anothsuai clue to distance as a measure
of preference gave the comments that numbers sheukeépt out as it would either
just not add value to the application or that itdobe getting too cluttered or even

that another metric, especially a counter wouledethe purpose of the visualization.

Of the people who thought that an additional methiould be used, one person
thought the interest percentage should alwaysdibl&iin the circle, not only on
hovering over it. Another two people thought the percentage of interest should be
made visible on hovering over the interest cirstejt would only be displayed to the
user if he explicitly requests it. It seems that iter is a good compromise that

should be tested further.

Not surprisingly, all people agreed (3/13) or adgregongly (10/13) that the use of
the size of the circle as a measure of time isuls@he person commented that
although he thinks that the concept is useful,Ibe thinks that the size (and hence
duration) needs to be capped to something reasandblalso pointed out that the Ul
concept does not really adequately deal with tise gehere an activity is set to 24
hours (or however long the day is counted as)Nceematter how large the activity
circle is, because it is always tangential to thly ‘Day” circle it will always be

possible to add another activity. He suggestsaltat hour activity could possibly be
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concentric with the “My Day” circle. He also poidteut that a balance needs to be
found so that items are not too small that theyalrest un-noticeable whereas others
might take up too much screen real-estate andostilhtuitive. Another person had

the clever idea that the cursor should changedimuble headed arrow for the resizing

process as to emphasize the resizing process.

In the implementation, the method of defining catégs as circles and specific items
as rectangles had been abandoned as it had beeat@udin the mock up that this
distinction was not needed. That means, in theemphtation, both general and
specific items were visualized as circles, but whih difference that category circles
were monochrome coloured whereas specific itemtagwd a background picture of
the item that it represents. The opinions on thasten were again divided: All of the
people who had not been exposed to the mock upgtyragreed that the distinction
as implemented in the tool is enough to definereeg® and a specific circle.
However, of the test group who had previously eatd the mock-up, 3 people were
of the opinion that it was enough, 3 people weresnece and 2 people did not think
that this distinction was enough.

In detail, the people who were not sure thoughtttie current distinction is probably
sufficient, but that using different shape could@gbly be useful, like a square or
rounded rectangle or hexagon, similar to the mqekaf the two people who thought
that another distinction should be used, one pestsmmsuggested using different
shapes. The other person was of the opinion teanhtkractive behaviour should also
be distinct: as the general circle is a clickaliele, this should be visualized, i.e. to
make it more button like. However, it is worth mentng that in an informal test
where the tool was shown to people without an thiobion, people automatically

clicked on the category circles.

In the mock-up all category circles had the sarme, $iut during the implementation
phase it was decided to make the size of the cat@jyeles depending on the amount
of items it contains. Test participants were askétky thought it is too confusing to
have the 2 different size concepts for generalegr(initially how many specific

items it contains and when you add the generafjoayeto your day the size is taken
as an estimate of the time you would like to spemd which can be resized)? This

was another issue on which opinions divided. Omegrethought it was totally too
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confusing as she did not realize that the meaninigeosize changes and therefore
should be explained better. 3 people agreed thasta little confusing with one of
these 3 suggesting that the initial size of theegalncategory circles should be
proportional to the amount of time the average@espends on that category. In this
way it would be properly consistent and analogoufi¢ specific circles. Another 3
people were not sure. One of these people thohghatthough it is confusing to
have different sized circles, this could be usefd different way, e.g. to draw users
to some activity groups over others (e.g. becausgre more popular) by making the
categories different items. Another person withiis group pointed out that
inconsistency like the above is usually a signaiaf bl and therefore a huge flaw. He
thinks that the size of the circle should only e=@nt one concept — i.e. the time the
tourist would like to spend at the attraction as th also consistent with the other
parts of the Ul. 4 people did not think that it veasifusing and that it could be
figured out very quickly while playing with the tband 2 people were not available

to give an answer.

In the second question, i.e. if the person thihie$ the general circles should all have
the same size when the application loads, opinieTe just as divided as in the
previous question: 3 thought it should not havestmae size, 3 were not sure, 4
thought they should have the same size, and osepstrongly advocated that they
all had the same size on loading. One of the peoaie advocated the use of
different sizes, i.e. reflecting the amount of &alale sub-choices, thought that it

would be far less attractive if the circles were game size.

Of the people who thought that they should all hi#neesame size, one commented
that although the concept was easily enough urmtasbut that it might be easier if
when you add a general category that maybe it dhootl have a default time
determined by the number of items in it. Anothergament for same size mentioned
that because the whole thing is a new conceptumsihg circles rather than tables,
then the number of new things you can do needs ®ightly limited. One person
came up with a simple but effective solution to pineblem: the circles could all be
the same size, but the number of sub-items coultldpdayed as a number on the

circle.
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Interface Functionality Acceptance

Only one person did not think that it was cleat tha crowded area the least
interesting circle is being pushed out from thetiadriMy Day" circle when one tries
to add another item to a crowded area. One perssmeat sure if it was clear and the

remaining 11 people thought it was either clearawy clear.

With regards to high-level planning, where the s a general category to the day
but does not specify individual items from thisegadry, the whole group was

convinced by its usefulness. 9 people even thotghtthis concept was very useful.

5.2.3 Additional comments

When asked what people liked most about the tosldescribed in the following

terms:

* It's much nicer than using a text based tool

* The speed at which one can create a day plan.

» | like the route planner most. It provides a veantly output from the
program for the tourist

* Very interesting concept; seems powerful, easyst u

* makes planning easier

» fun tool

» “really cool”, looks easy to use, in control ofuraday

* It's fun! People enjoy it, attractive on websitenky, up-to-date, very easy to
use, anybody can understand it, figure out eaSilyiosity. Clicking for more
info is very good.

* | like the bubbles. I thought the interface wateand fun to play with.

* bit more fun

* quick and handy
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Its very handy because instead of guessing how mpoieltan fit into a day,
this tool includes walking time and opening howrset the tourist know what
is and isn’t possible.

* Good proof of concept of a compelling Ul idea. WibhE interesting to see it
taken further.

* Novelty, new thing, fun, better than drop downdistc. visually very
attractive. Great feeling of control, you have elifeg of importance; looks
lovely, deciding your own day and looks nice whitai do it.

» Ifit had a big backend dataset the Ul would bewry ypowerful way of

choosing from the dataset effectively.

When asked if they think this tool would be usééu& Dublin tourist, all people
unanimously agreed and most even strongly agreleel p@rson however pointed out
that it would only be useful to certain types afrists, not all, e.g. not to a group of

“hen-night” girls.

All people also emphasized the need of a quicloduction, tutorial video clip and
increased usage of user notification, e.g. in fofrtool tips that can be switched off
or will not come up any more after a while in caskeslashes, compromises taken,

items being removed by the tool etc.

With regards to the ultimate question, i.e. whethertest group participants could
imagine using this tool for planning their holiddy) answered definitely and 3

answered with yes, proving just how influential gaver of visualization is.

Giving reasons for answers, the most common regisem was the time that could
be saved in planning a trip to a city (5 timeshé&treasons given are listed below:
» The tool gives you a suggestion of options, orgasipurs, and finds
locations, all in one!
» It's useful and fun to use.
* It's very handy!

» It's fun to use, a novelty.
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One person indicated that she would use it fortorga visit plan, but not necessarily
follow the schedule in terms of times and anotlespn indicated that she would use
it but still verify the information in a book.

One person still thought that the initial learnmgve might be too high for certain

people.

5.2.4 Summary of the Evaluation of the Implemented Tool

In summary, the interface concepts and final imgetation have been positively
received by most people. The results acquiredarsdtond evaluation confirmed
most of the results acquired in the evaluatiorhefrhock-up. Unfortunately time did
not allow carrying out more extensive user evatretior test the tool with more
people. It is obvious however, to prove a finalegtance of the ideas presented in
this project, that a much more extensive and foewaluation would need to be
carried out with a much larger sample of testemwvéler, the results presented above
can be taken as an indication, that a tool like Would add usability and enjoyment
in eliciting users’ interests and preferences imparison with standard methods. The
evaluation showed, that although the visualizatioas mean that the user will have
to go through a short learning process, the cosagg®d in this tool are intuitive
enough and easy enough to use, that they are pigkéabst enough, at least by people
of this stratification. However, it might be wontientioning that in an informal test
carried out with a small test group, users who waldscribe themselves as
technophobes expressed their like in the systemioD$8ly more tests need to be
carried out to see if people of the general pudniecnot deterred by the initial learning

curve.
Interestingly, the people who had not seen the rupckefore seeing the final

implementation seemed to be much more enthusistiat the tool. Some of their

comments were “Why did nobody else ever think ef2hor “This is really cool and

84



useful!” This could of course be due to the differe of the nature of people having

taken part in the two groups, as the groups wemng sreall.

5.3 Future Work

Many ideas have been mentioned during the evalyatiod some have been

incorporated in the future work proposals below.

5.3.1 Summary of Improvement Suggestions to the Current

Implementation

More User Feedback

In general, some people thought that there neebls olot more user feedback when
things happen (e.g. something like a tool tip poptaen things disappear or when
things are not included in the itinerary). The us®ould be given the option to switch

off tool tips.

Improvements for User Interaction with the Intedac

The user interface needs to be polished to peofedtie. the resizing of the circles,
the moving out of way need to be smoother. In aadippeople suggested that when
the text on circles is too small, hovering over tirele should display a tool tip
beside the circle with the text of the circle.

One criticism that came across concerns the betwiagfovhat happens when an
activity is been dragged too far away from the dayrrently it disappears entirely
when moved too far away. During discussions it bexapparent that most people
would prefer this behaviour and therefore shouldnoelified appropriately. It was
suggested that the link line should disappearthmifictivity should remain visible so
that the activity could be dragged back towardsdne Doing this would reconnect
the activity to the day again. Only when the moumsion is released and the activity
is sufficiently far away from the day should theity itself then disappear back into

its category. This issue had previously been meatiaduring the mock-up but as it
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did not affect the main visualization metaphorss thas not included in the design.
However, it seems that this issue does negativiidgtahe interface and should be

addressed in a future release of the tool.

Auto-updating of Planner

Some people mentioned that it would be great ifolaener could auto-update in real
time and that the planner needs to be improvednDuhe design phase this feature
was considered to be out of scope for this projgotvever, it is envisaged, that a

future release would have this functionality.

Output View Improvements

One person thought that the image that is display#éte bubble should also be
displayed in the output view so as to add moreioaity between the desire
visualization and the reality of what is possilnidhie calendar. Another person

mentioned that the importance level should alsm8eated in the output view.

Storage and Retrieval of Old Plans

Another useful functionality would be the storageeveral possible plans for one
user and the possibility to retrieve an earlier enplin and display it in the output
plan as well as the visualization part of the meafiee tool so that the user could go

back and modify an earlier plan without havingtartsthe plan from scratch.

Visualization of desire vs. reality in the same BlebVisualization

An interesting idea would be once the planner hasated an output, to visualize in
the bubble display, how the planned output diffesen the desired one as indicated

by the user.

Secondary Constraint

In addition to having one constraint, which is eefkd in the size of the circles, it
could be imagined that more than one constrainiddoe implemented in the system.
How this should be done without complicating therent user interface has not been

determined yet.

Automatic De-cluttering
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Another useful feature for the tool’'s interface Wbhe to automatically de-clutter,

i.e. close expanded circles when a certain cltitershold has been reached.

5.3.2 Tourism Specific

There are many possibilities that could be imagiioeduture work in a tourism
specific implementation, in addition to the sugges mentioned above. Some of the
more interesting are described below.

Specific to Dublin/Ireland

Increase Tourism Data in Database for Dublin

The data currently in the tourism specific datadfas®ublin is not complete and
could be expanded to encompass many more of Delditractions. At the same
time, attractions further removed from Dublin cobllincorporated. However, it
could also be imagined that the database coul&tea@ed to take in attractions and
point of interest of the whole country, so thadarist could also plan his whole

holiday in Ireland rather than just his sight sgaiiay in Dublin.

Increase in Time to be scheduled for Tourist

The current tourism specific tool can only plan doe day of a Dublin tourist.
However, it is easily imagined that the tool cob&lexpanded to help planning a
whole holiday of a tourist coming to Ireland assognihat the databases contain a

more extent selection of tourist attractions akoleland.

General for Tourism

Integration of Location Awareness

One of the most intriguing opportunities is presdry the integration of this tool
with location awareness on a mobile agent suchvasbaenabled mobile phone or

PDA with GPS. This integration would open up margrenpossibilities:
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One opportunity would be to let the system mortierprogress of the tourist in his
schedule and reschedule the day if the tourisdésdio spend more or less time than
planned at a certain attraction or is visiting satieaction he came across while on
the go which was not planned in his day. So tha id¢hat if there is some large
enough deviation from where the tourist is suppdedzk at a certain time to give the
tourist the option to reschedule the day for hioggibly having to cut out a few
attractions or adding more depending on the sanatiowever, if this is the case, a
more heavyweight backend with more functionalior, éxample an ontology would

be a great advantage.

Another opportunity is to incorporate the optiorréoeive tourist-related
advertisement and offers on the run depending endirist’s interest profile, so for
example if he seems to be very interested in AdttAere was an art sale advertised
by some way of geo-tagging, then this advertisemeght be relayed to the tourist.
Again, a more intelligent backend technology waomloist likely be needed for this

option.
In addition, the data gathered through locationramass could be used to get more
accurate estimates of average times spent atdosaéind be fed back into the

database.

Incorporate Web Services for Information Gathering

The database could use services offered on theneite pull information from other
websites, such as event listings or movie listifigss would avoid the need for

constant updating of the database.

Refinements for Current Estimation Functions

An obvious possibility would be to refine the plantior the tourism specific domain.
This would also entail to find better estimatestfa rating versus travel time
compromise as well as for how much reduction iitinig time tourists generally

tolerate.

User Feedback for Rating

It is envisaged, that in future, the user ratingildde based on real user ratings.
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Extra Functionalitiesfor Current Tourist Specific Tool

Publication of Tours

A nice extension would also be to publish a toat thtourist is planning to do or that
a tourist has followed and found nice so that otbarists could just follow that tour
instead of making up their own. It needs to be meed that there is a certain danger
associated with knowing the exact time and locabioa specific tourist in the future,
but care could be taken in the design to takelmutrtformation that would show the

specific day of when the tourist plans to do hisspeal tour.

Entrance Cost Calculator

A very useful extension to the current tourism #peplanner would be to
incorporate a way of calculating entrance costsoAit could be imagined that in
addition to a time constraint a tourist might hawvemonetary constraint and a way
could be found to incorporate this secondary caimgtinto the visualization

interface.

Search Function

It can be imagined that a simple text input se&ualetion that allowed a tourist to
search for a specific attraction leading to thegaty that contains the attraction to
expand to the appropriate level and display thecbed for attraction would be
useful. It would avoid that the tourist would haeemanually search through the
categories to find the specific attraction as sattractions could possibly be
categorized as belonging to several different categ and might not have been

categorized under the category that the touristidvbave categorized it.

In addition, a more complicated search functionld@ossibly be employed where
the user could search for a term such as “JamegJand all attractions that have
some connection to James Joyce would be displggsdjbly from very different
categories. However, a search function like thisianost likely require a more
complicated tourism data backend than currentlyleyepl, e.g. more in the direction
of an ontology that would be more suitable to disannections between attractions

from different categories.
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Filter Function

Another simple add-on would be a filter functioattivould allow the tourist to only
see a subset of the available attractions, e.g.aitriactions that have a rating of 3 or
higher, or only attractions that have free entrasrcenly items that are in a specific

radius around city centre etc.

Reservation/Booking Functionality

Another extension to the tourism specific tool wbhe to incorporate a reservation
and booking facility directly through the tool fattractions that can be booked online.
This would avoid the tourist having to look up eaclhe attractions’ websites

himself to book a seat or a tour and evolve theiseleven more into a one-stop-shop
for Dublin tourists. Clearly, the security modelwid have to be reviewed and
security increased if such functionality was adttedrotect the tourist of the dangers

involved in e-commerce operations.

Private/Public Transport Incorporation

The tool, as implemented, assumes that potentiaists walk from attraction to
attraction. While this is in general a correct aggtion for attractions in Dublin city
centre, attractions that are placed further awamy fthe city centre, such as the Dublin
Zoo or the Irish Museum of Modern Art are often moonveniently reached by
public transport, such as Luas or bus. Thereforould be of great benefit to
incorporate public transport opportunities into siebeduling process to potentially

reduce travel times between attractions.

Reminder Function

Another extension to the current tourism specti tvould be to create an optional
reminder function that would remind a tourist of Bthedule, e.g. when he should

leave for the next attraction.

Add your own Attraction

It might be useful to allow a tourist to add aduti@l attractions to his day, such as

meeting a friend for coffee in a certain Café aingdo a conference etc.
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5.3.3 Summary of Future work

A selection of possibilities for improvements andlfier avenues of development to
the user interest and preference setting tool anlaet application of the tool to
tourism have been illustrated. This list is not ptete, but should rather act as an
inspiration to the possibilities of the many ditfat directions of future work that

have been opened up and discovered in the coutke pfoject.
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6 Conclusion

A picture is worth a thousand words.
Proverb

Upon consulting current technological support aanping a tourists itinerary and
originating from the personalization needs of tsisrithe need for a simple, easy to
use interface arose. This interface should betalbtapture the interest of the user
long enough to be able to sufficiently solicit mgerests and preferences from him to
be able to plan a customized sightseeing day. dtreeognized that this need is more
universal and does not only apply to the domaitoofism, but is evident in many
other areas where personalization is required.rAftasulting the state of the art of
several different approaches to user modellinggthad of this project had been
defined as the following:

The overall goal of this project is to design, depeimplement and evaluate an
innovative user interface that users can use iaydy manner to specify their
interests and preferences. The tool will includepproach for going from the
generic to the specific allowing users to desctitagr interest or preferences as

appropriate.

The first goal was to find an innovative way ofuitively representing alternative
choices with which the user could interact witlagsign individual interest levels and
preferences in an enjoyable manner. Towards tmsaanovel graphical and
interactive user interface idea was evolved antyded. An inspiration to this design
was the proverb mentioned in the beginning, “Aymetis worth a thousand words” or
in this case, visualization over text. The textha visualization was kept to a
minimum and would only be displayed if the userlekby asks for it. As with any
novel kind of interface, it is really importantfiad out at an early stage if it the ideas

would be acceptable by the potential users.
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Therefore, to satisfy the second goal as statdlueimtroduction, i.e. to investigate
thefeasibility and usability of this new and innovatiway in capturing and

modelling a user’s interests and preferences, thesedeas had to be evaluated.

To this purpose, the idea and its associating quaceere illustrated in a mock-up in
an accessible technology. This mock-up was thed tesevaluate the acceptance and
usability of the idea by presenting it to a gro@ipeople and asking them their
opinions. The results of this initial evaluatioropided mostly positive feedback on
the ideas and provided further inspiration for ténement of the design.

Due to the positive feedback received, it was detith go ahead with the refined
initial ideas and concepts and design the wholtegysin the system design, care has
been taken to keep the specification of the desgygeneral as possible and to enforce
data agnosticism where possible, so that the tmobe applied to many other

domains with minimal adjustments. This also tramslanto using platform
independent and universal technologies in the implgation, such as Java or XML.
After considering suitable candidate technologasafl parts of the system, the user

interface was implemented using Flash technology.

It was a third goal that the user specific interaetliel should also be consumable by
another service. In detail this service shouldtde o dynamically consume and
sensibly use the captured interest and preferanfmsnation to suggest a possible
sensible outcome based on this information.

As this service is specific to the domain to whiigis tool is being applied, this
service has been implemented in a Java plannehéifyag a Dublin tourist plan his
sightseeing itinerary. In more detail, the planc@msumes the interest in, preferences
between and desired time to be spent at Dubliniedbattractions as provided by the
user and employs a planning algorithm that schedhle items into the tourist’s day
in a way that it satisfies his given interests preferences to the maximum. The
planner takes opening times and locations andgsiimto account when arranging the
itinerary and aims at reducing overall transferetsm

The system should also include a suitable and Lisefput representation. With

regards to the tourism application, the output ingdemented as a calendar view of
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the suggested sightseeing agenda and was integvidke@oogle Maps online
mapping facility. This proved to be quite populadadded to the perceived value of

the system.

It was hoped that this new and innovate way of plagwould give the user a more
pleasant experience over the planning processadlsvis the user to fully concentrate
on and negotiate with his interests and preferemtdle enabling him to stay in total
control over the decisions that are being takewalt also hoped that the user feels
empowered while using the tool. The tourist shdaddengaged and feel in control of

their experience.

To find out if this aim had been achieved, a seaqonhd of user evaluations has been
carried out on the complete implementation witlula-group of the test group and a
previously unexposed group. The results of thiduaten essentially confirmed the
results achieved during the mock-up evaluation. ilifigemented tool provides an
easy and fun to use interface that empowers thebysgiving him a feeling of

control over the process of the usage of the in&tion that he supplies. In addition,
the area of tourism has been found to be a goaaf fwothe concept and was very
well received, with all testers admitting that theguld use the tool if it was

available, mainly because it is fun to use and @@alve time in planning ones visit.

The test group was of quite homogeneous naturethenchostly positive feedback
could also mean that the target group most likelyge this tool would be young,
computer literate people. However, there is anciaibn that even technophobes
could be compelled into using this tool. Obvioushgre extensive user testing with a
bigger and less homogeneous group would need ¢arbied out to get a sense of the

usability of the tool in the general public.

Furthermore, some thoughts with regards to poss#xerity vulnerabilities have

been mentioned.

Finally, future research directions, i.e. improvenseo the current system and
additional functionalities to a tourism specifissym have been described showing

the potential of this innovative design.
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As a conclusion, it seems that the goals set adileagtart have been achieved to a
high level of satisfaction. In summary, the sysfgovides a powerful and compelling
interface that can dynamically capture a usersregts and preferences and other
constraints while giving the user a feeling of eggraent and empowerment
throughout the subsequent usage of this informatiooonjunction with the planning
service and output representation, an end-to-esigisyhas been achieved, that is
both enjoyable and practical to use in a domaiwhith personalization is immensely

important.

Although some parts of the project are unavoidglelgred towards a specific domain,
in this example the tourism domain, it is envisatied the implemented visual
interest modelling tool could be used for and aggpto many domains. Some of

which are proposed below:

6.1.1 Application of the Tool to Other Domains

The preference modelling tool has been developadg@neral way so that it could be
applied to other domains. While the basic tool mlgdhnenough for some domains, in
most cases where the input is to be used in aldengay, a custom planner would
need to be created for this domain. However, timeige design does allow for a
custom planner to be plugged in easily into theentrdesign.

Other domains where the application of the adapireéerence setting tool might be
useful, would be other time management areas &panttourism, e.g. executive,
managerial, project planning, where the constreondd be either time or time and
money.

Another time-management area where this tool cprddf useful would be in the
development of a study plan, where the items reptesreas of interest with
associated courses or other e-learning applicadodghe constraint could be time.
Another domain would be the shopping domain in ganespecially in situations

where budget is limited and the shop componermtahfa list of categorized items.
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Yet another application would be a diet composegrelthe categories could
represent different food categories such as velgethbit, breads, ... and the
constraint would be calories to be contained ingiren meal(s).

In addition it could be imagined that the tool pphlcable to domains without a
constraint restriction, i.e. abandoning the sizegt@int relationship. One could
imagine for example in countries of many partiesreate a political election advisor
that would take into account your preferences mage areas and then tell you with
which political party’s agenda you have most in coon.

Another area would be for example in buying a hars®to select a suitable house
from the seller’s portfolio, one could indicate femences such as how important it is
to have a balcony or be located on a quiet street.

One person in the evaluation mentioned that becafube tools novel way of
showing tree structures, it could be applied to gamenus or information menus in

general.
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Appendix A Screenshots of the Mock-up
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Appendix B Mock-up Questionnaire

User Profile Questions:

2 T o

How old are you?

Male/female?

How much do you travel? (times per year)

How often on your travel do you go on city breaks?
How many days do you usually spend on a city break?

When on a city break, please specify the days youldv(plan to) spend on
average sightseeing:

7. How comfortable are you with using computers/PDAsite phones? (Circle
appropriate):
Very much — Quite alot — Moderately — Somewhat Just a little
— Notat all
Project related specific questions: | dis-
| agree | | Not | Idis- | agree
strongly | agree | sure | agree | strongly
8. Itis understandable what the system
is trying to achieve.
9. Itis clear how the system could help

10.The system is too complicated to use.
11.The system is intuitive to use.

12.The left hand side is a useful

13.1t is clear that the items in the day gn

14.1t is unclear that the grey circles in

15.1t is clear that changes in the

to plan a sightseeing day in Dublin.

visualization that can be used for
planning a sight seeing day.

- If you disagree, please give a
reason why. How could it be done
better?

the right hand side correspond to
items (circles and rectangles)
attached to the central circle "My
Day" in the visualization on the left.

the visualization represent general,
high-level categories.
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Project related specific questions:

visualization are reflected in the plan

on the right hand side. E.g. by
adding/deleting an option in the
visualization, the item will be
added/deleted from the plan on the
right.

16.1t is hard to understand how to
add/delete options from the
visualization.

17.The right hand side should also allow
changes, which will then be reflected
in the visualization. E.g. changing the

time spent on attractions on your
right will adjust the size of the
circle/rectangle in the visualization.

18.In the visualization, using distance
items from the central "My Day"
circle is a useful visualization of
preference.

a. If you disagree, please give
reason why. How could it be
done better?

19. 1t would be helpful to use another
metric, e.g. a counter to show
preference levels.

a. Could any other metric be
used? Any suggestions?

20.The use of the size of the
circle/rectangle as a measure of tim
is useful. The bigger the item, the
more time you plan to spend on it!

a. If you disagree, please give
reason why. How could it be
done better?

| agree
strongly

agree

Not
sure

| dis-
agree

| dis-
agree
strongly

e

o

21.1tis clear why items are dragged
away from the central "My Day"
circle when | try to add another iten
to an already full day.

\
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Project related specific questions:

| dis-

22.The concept of high-level planning
("Shopping", "Art" etc) is too
unclear.

23.The concept of high-level planning
("Shopping", "Art" etc) is not useful,

24.1t is clear that specific items
(associated with a location) are

represented as rectangles, whereas

circles are used to represent more
general/high-level categories.

25.1t would be useful to have a time lo
so that items would not be moved
around any more by the system to
different time in the day.

26.1t would be useful to be able to
specify a time range for specific
items/high level categories of when
should happen during the day, e.g.
afternoon, 1pm-6pm, etc.

27.1t would be beneficial to be able to

add items to the other categories, €.

a specific restaurant that is not in th
list.

e

| agree | | Not | Idis- | agree
strongly | agree | sure | agree | strongly
D
ok
;|

it

g.

Open Ended/Discussion Questions

28.Which of the following features do you think are shonportant to

implement, please specify in order of decreasingpirtance:

Search box  Selection criteria Colour schemé&sne lock Time range
29.Which other features do you think would be usefuhdd?
30.Can you imagine any other situations in which saiefsualization would be

useful?

31.How could the system be improved overall?

32. Anything else? Questions, comments, ideas...
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Appendix C Evaluation Questionnaire

User Profile Questions:

Name:

How old are you?

Male/female?

How much do you travel? (times per year)

How often on your travel do you go on city breaks?
How many days do you usually spend on a city break?

N o o bk wDdPRE

When on a city break, please specify the days yawldv(plan to) spend on
average sightseeing:

8. How comfortable are you with using computers/PDAsdite phones? (Circle
appropriate):

Very much — Quite alot — Moderately — Somewhat Justa
littte — Notat all
Project related specific guestions: | strongly | | Not | | I
agree agre | sure| disagre | strongl
e e y
disagre
e

9. The system is too complicated to use.

10.The system is intuitive to use.

11.Does the tool work as expected (if you
have seen the mock-up)?

12.Seeing the implementation, do you think
that the left hand side (bubbles) is a useful
visualization that can be used for planning
a sight seeing day?

=]

i. If you disagree, please
give a reason why. How
could it be done better?

13.The difference between general, high-leyel
categories and specific items is visually
recognizable.

14.1t is clear that changes in the visualizatign
on the left influence the planning output
on the right.

109



Project related specific questions:

15.1t is hard to understand how to add/delet
options from the visualization.

16.In the visualization, using distance of
items from the central "My Day" circle is
useful visualization of preference.

| strongly | | Not | | I
agree agre | sure| disagre | strongl
e e y
disagre
e
e
a

a. If you disagree, please give a
reason why. How could it be
done better?

17.1t would be helpful to use another metric

e.g. a counter to show preference levels,

a. Could any other metric be used?

Any suggestions

18.The little circle with the colour distinction
(red for very interested, blue for little

interest) is useful as a second preference

visualization metric.

a. If you disagree, please give a
reason why. How could it be
done better?

19.The use of the size of the circle as a
measure of time is useful. The bigger the
item, the more time you plan to spend o
it!

a. If you disagree, please give a
reason why. How could it be
done better?

20.1t is clear that in a crowded area the leas
interesting circle is being pushed out fro
the central "My Day" circle when I try to
add another item to a crowded area.

1%

-

i
M
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Project related specific questions:

21.

22.

23.

24.The general circles should all have the

25.

| strongly
agree

agre

Not
sure

I
disagre
e

|
strongl
y
disagre
e

The concept of high-level planning
("Shopping", "Art" etc) is not useful.

In the implementation specific attractions
and categories of attractions are both

represented in circles. The only differen¢

is that the categories have no backgrour
picture associated with it. Do you think
this difference is big enough for the
distinction? Or do you think that there
should be another distinction and what
should it be?

It is too confusing to have the 2 different|
size concepts for general circles (initially
how many specific items it contains and
when you add the general category to y¢
day the size is taken as an estimate of tf
time you would like to spend on it).

same size when the application loads

\"24

bur

Open Ended/Discussion Questions

26.What do you think are the most significant remagnirsability issues?

27.What do you like most/least about the tool?

28.Do you think the tool would be useful to a Dublutist?

29.Do you think a quick introduction on how to use tbel would help its usability?

30. Could you imagine using this tool? Why? Why not?
31.Which other features do you think would be usefuhdd?

32.Can you imagine any other situations in which saiefisualization would be

useful?

33.How could the system be improved overall?

34. Anything else? Questions, comments, ideas...
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Appendix D Security Considerations

This chapter shortly introduces some thoughts diggrsecurity issues relevant to
this project. Security issues with respect to ssitds payment scheme for this system
are not considered. The service is expected todmsdyfavailable on the internet. If a
payment service were to be added, then it is recamdied to use a separate trusted
third party payment system.

The resources most sensitive to an attack in tevinsonfidential information are

username/password files, and user specific germkrafermation, e.g. preferences,
visitors itineraries etc during transmission andrage. Static, publicly accessible
information stored at the server is also sensitivattack in terms of its integrity but
not confidentiality. An attacker could modify statinformation with various

consequences as described below. Finally, compuwapgability by misusing the
server would be a possible attack point.

In this security considerations document the irgethreat model is assumed, i.e. that
the end-systems engaging in a protocol exchangee hat themselves been
compromised. By contrast, it is assumed that ttaelatr has nearly complete control

of the communications channel over which the erslesygs communicate.
Out of Scope Attacks

Non-Repudiation

Non-repudiation is also regarded not an issuehisrdystem as there are no situations
in which it is important that the receiver can prdlie sender's identity and that he is
receiving the data that the sender meant to sepdn Wegistration, the user of the
application is informed that the system makes narapiees as to the correctness or
actuality of the supplied information. Therefore,precautions need be considered on
this issue.

In scope attacks
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This section describes possible attacks that th®eol is susceptible to and how they

could be counteracted.

Communications security issues

Communication security in this application refers the secure communication
between the remote clients and the central semartbe Internet. Information that is
communicated between the client and server are usferences, visitor itinerary
information and live location information which aas feedback and refinement
information upon which the application reacts adowgly (e.g. adjust the order of
points of interest to visit or even create/delemes points of interest from the list).
Active attacks

The integrity as well as confidentiality of theerit/server communication needs to be
preserved. Possible communication security attarksdescribed in the following

paragraphs:

Eavesdropping

Eavesdropping could potentially be used by an k¢tato find out with a certain
probability a tourist’s location to launch a phydiattack on him. Or he could find out
the user’s preferences and then spam him with adgarent.

Replay Attacks
Replay attacks could become a potential nuisanceveder, it is envisaged to use

HTTP over a reliable TCP connection, so the seqeanenbers would be out of date

anyway and the replayed message would be dropped.

Message Insertion

Message insertion is only really a problem in iefato Denial of Service attacks and
is discussed in the Denial of Service section below

Message Deletion

This attack could be another potential nuisancevéd@r, as it is envisaged to use
HTTP over TCP, the deleted message would be resesitlikely anyway.
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Message Modification

Message modification attacks could be used by aifspéourist attraction wants to

get more visitors and therefore changes the messatigt it contains a higher rank.

Man-In-The-Middle Attack

In this attack, an attacker could impersonate #@es and try to lure people to

specific tourist attractions to have more peop®t\iis attraction. Or he could make
up some fake tourist attraction in a lonely ared #rerefore know with a certain

probability the tourist’s location and can launcphgsical attack on him.

To counteract all of the above named communicadttacks, SSL/TLS could be used
to encrypt all application traffic. SSL/TLS provel@dequate channel security for a
TCP connection at the application level and it t@neasily deployed (one could

include a TLS implementation in the package).

Passive Attacks

Confidentiality Violations

Client information is confidential and needs tofdretected in storage and in transit,
i.e. it should be encrypted. SSL/TLS can be usedilfocommunication between the
remote device and the server to leverage the \armuoperties of SSL to create

reasonably confidential communication.

Password Sniffing

Client and especially the administrator passworddne be kept secret, e.g. by

keeping a hash file of the passwords instead op#ssword itself.

Systems Security

Systems Security is concerned with protecting omashines and data: “Machines
should be used only by authorized users and foptinposes that the owners intend.
Furthermore, they should be available for thosgpsgs. Attackers should not be

able to deprive legitimate users of resources.”

Physical Security
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The back end can store two types of informatioatistinformation that is publicly
accessible and user specific information e.g. pasdsy preferences etc created by
users that should only be accessible to the uaéctkated it.

The publicly accessible static data is envisagete¢administered centrally by an
administration unit and therefore needs to be ptete against unauthorized

modification and tampering that would destroy ntegrity.

The user specific data generated upon registrgtisername/password pairs, user
data, preferences etc) and subsequent servicesteduea client contains confidential
information that needs to be protected. So thisrmation needs to be not only
integrity protected but also be kept confidenfidlis information for each user could
alternatively be stored on the server side or atctlent side or even both sides. The
strategies for protecting the integrity and conifigidity of this information are

different depending on where the information isgestored.

During registration the user will be informed tla¢ data will be used anonymously
for statistical and feedback purposes (e.g. the pmsular chosen tourist attractions —
which will then be ranked higher in the suggestisis lof points of interest). This does
add another security complication which needs tocbesidered: it needs to be
avoided that a particular tourist attraction casuse the system to achieve a higher

ranking.

To protect the data on the disks from damage qprapriate usage the server could
be run on an encrypted volume (e.g. TrueCryptaddition, the server itself could be
placed in a certified secure environment to prowvadiglitional levels of physical

security. E.g., a service like hosting365 couldubed.Access to the server could be
made available from the local network (through ke of a VPN) or on the machine
itself only. Therefore, a remote attacker would dn&y surmount either the VPN or

physical security and the local machine securityroter to have access.

Unauthorized Usage
A user that uses the application from his remotecgeshould only be able to request
services from the system and receive replies. A sisauld not be able to modify any

of the static data or be able to access any og®taprivate data but be sure that his
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own private data is protected from other usersdlattiss. If his data is accessible by an
attacker, then the attacker might be able to pssbeauser in the real world,
impersonating the user in a pre-booked show fomgia

To make this possible, user authentication usingpks username/password could be
used. Upon registration a user chooses a usernaang r@usable password — simple
checks are performed upon choosing the passwaridlaose a secure enough
password (e.g. it must be long enough, contaiergthumbers and signs, not be a
dictionary word etc). When the user wishes to teeservice, he logs in using his
username and password. A timeout for entering ttoemgvpassword several times in a
row makes it harder to guess passwords as wouddbg between login attempts.

This system is vulnerable to a simple passive lattdwere the attacker sniffs the
password off the wire and then initiates a newieaspresenting the password. This
threat can be mitigated by hosting the protocol @aveencrypted connection such as
SSL/TLS.

Upon login (to the server) a user will be restdcte what they can do by their unique
user identification. There will also be only a shsait of well defined operations that
user is able to perform. The application will ba m user space of the server to avoid

a user being able to hijack control over the server

Inappropriate Usage

An application system administrator has access rnd ean modify the static
information in the application system (e.g. add riewrist attractions, delete obsolete
ones, update changes in opening times etc.). Tal awappropriate usage by an
insider, it is important that administrators of thestems are trusted individuals that
are not injecting viruses into system, not exphgitthe system, not selling data, user

info, not ranking tourist attractions higher if yhgay him etc.

Denial of service attacks

“The system should be available to legitimate us@&ecause of the broad variety of
possible attacks, e.g. to consume machine resoorceause the target machine to
crash it is difficult to provide protection agaii®S attacks.

Due to its nature, the system is vulnerable to Bleof Service attacks, e.g. blind
denial of service attacks as well as DistributechiBleof Service attacks during sign

up/login process. The consequences of either attapknd on economical value lost
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in revenue when the service is being denied whichldc be considerable. It is
assumed that a DDoS attack is less probable.

To make a TCP SYN flood attack harder, a cookie haeism could be used.
Similarly, to avoid bots signing up for the servimed trying to strangle the service

that way, simple gotchas could be employed upomisig

Residual risk after threat mitigation

Although precautions can be taken, vulnerabilisig exist.

E.g. TLS is susceptible to IP layer attacks, eoge form of denial of service attacks
or connection assassination. TLS has mechanisnaetrt truncation attacks but
these merely allow the victim to know he is beirttagked and do not provide

connection survivability in the face of such atsck

The system as integrated web service using other web

services

The systems could possibly also be further develdpto a web service requests
services from other web services for informatiortriegal e.g. about tourist
attractions, their location, opening times, enteapdces, the weather forecast, etc. In
this case the communication security considerdtigtveen the main application web
server and the client and the user specific inftiomastorage is as described above.
However, in this system additional security issum® concerned with the
communication security between the primary web exeand the services it uses as
well as the integrity and validity of the servicsd data that are requested from the

secondary (ternary, quaternary ...) web services.

Summary

The biggest threads identified are the compromiigseser privacy, database integrity
and denial of service. Ways to avoid these atthek® been mentioned and include
the use of SSL/TLS for communication security, naere/password for

authentication and some general encryption mechnefus storage.
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