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Abstract. Recent research has attested the implementatiotharedfectiveness
of Geographic Information Systems in geographichesy [1, 2]. Different
works and experiments have shown that current Welpdihg Services and
frameworks are partially unfitted for the desigrd aasy programming of web
applications dedicated to the teaching of geogmaptiormation. Our research
problem is enabling to teachers to design by themsean Active Reading
Learning Scenario [3] making use of geographic&rmation avoiding any
programmer intervention. In this article, we repont Web Interaction Design
(WIND), a web interaction lightweight programmingdel that we designed to
help users to describe interactions between textuap and calendar
components. We present the core concepts of WINBnfereaction-interaction
processing), its APl and we exemplify the WIND miodeom different
examples. The main characteristics of WIND are thersented and discussed:
WIND is integrative (it combines textual, map armdendar components; it also
combines Web Mapping Services, etc.). WIND is fudlkecutable (thanks to
the WIND JavaScript API). WIND promotes lightweightogramming. WIND
is object-oriented: users can consistently desciilberactions whatever the
source and target components are. WIND is a deilarmodel enabling users
to design web interactions between textual, mapcahehdar components. We
present different examples and source codes thabpit the added-value of
the WIND model and its API.

Keywords: geographic information, interaction programming, MIU
JavaScript, Web Mapping Services and providers.

1 Introduction

Today, there is a tremendous amount of web-basgdgtaphic applications that are
available to users thanks to proprietary Web Magp@ervices €.9g. Google Maps,

Microsoft Bing Maps, Yahoo! Maps, France’s IGN Gedpil) but also thanks to
Free and Open Source Software (FOSS) from the GQpeince Geospatial (OSGeo)
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Foundation: OpenLayers, MapServer, etc. These mgpapplications are handled
more and more easily thanks to their interacticagas The main advantage is that the
map is updated immediately when users pan it aropmoim in or out on a specific
area. Moreover, this allows users to search locatim get direction as well as to add
their own information about a place. The terimiéractive map’ therefore, is coined
to describe the map with such intuitive interactitmthniques put at the users
disposal. Most Web Mapping Services provide an #sppibn Programming Interface
(API) to support the addition of users-defined ¢axs (textual or graphical
supplements, hyperlinks). However, users requix@iacked computer science skills to
exploit such an API.

More and more educational applications are budtuad geographic information.
Teachers use such applications to teach their demrthe concepts of their
geographical area, to check understanding of reatdixts relating a trip within their
region [4]. Some teachers use Web 2.0 tools the¢ lateractions to promote the
interest of their learners. The communication viechs tools also prevents any
installation on computers in the classroom.

Our goal is to create applications by describingv ibe interactions work. The
source code of applications should be automatiaglyerated from this description.
We are interested in the interaction models allgwin describe the interaction
design. Several types of model focus on differspeats of interaction design:

1. task models describe the activities relevant torteeds of design: GOMS
(Goal, Operator, Method, and Selection rules) [BAN (User Action
Notation) [6], CTT (ConcurTaskTrees) [7];

2. dialogue models describe the structure of commtinitcdetween the users
and the application: finite-state machine [8], Pett [9];

3. architectural models provide a generic structureth&f application from
which it is possible to create a particular intéirecapplication: Arch [10],
MVC [11], PAC [12].

However, most of interaction models are on higlelebstraction to envisage an
automatic code generation.

The research work presented in this paper recarssgieh Web Mapping Services
and interaction design models from the viewpointeducators €.g. teachers of
primary school or secondary school) trying to prluedicated web applications.
They focus on specific localized textual documeratibed “travel stories” that embed
a lot of geographic information about the movemeftan actor within a territory.
Such geographic information is composed of thrempementary features: the
spatial feature, the temporal feature and the pinenon feature [13]. In 2007, we
developed a first prototype with the Google Mapsl ABupled with PostGISct.
http://erozate.iutbayonne.univ-pau.fr/forbes200@/ext is a prototype dedicated to
assist a learner for the active reading and bdtkowing a travel story on an
interactive application. This educational addedsgalvas evaluated in a primary
school with two & grade classes (9-10 year old children). We setwsp specific
features of these educational applications comparigidl currently available web-
based cartographic applications:
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1. The focus is on interaction between textual, maug, @alendar components and
not on data visualization;

2. The textual component may display normalized tdxtlzcuments with the
defined CSS styles on tagged words. The map commpormay display
geographic information on a Web-based map with ifeyer mapping services
(mainly Google Maps layers, Microsoft Bing Maps day, and France's IGN
layers). The calendar component may display tenmpimf@armation on an
interactive calendar like Google Calendar. The risamo longer the central
component, neither is the text, nor the calendwey fplay an equivalent role and
the user (learner) needs to interact from any e$ehcomponents and the system
should react on any of these components.

Furthermore, this work demonstrated that currenbWkapping Services provide
APIs which are partly inadequate to answer 1/ drab2ve requirements. This paper
will present our results in designing an interattmodel and in implementing an API
that developers could use to produce web-based in@mervices providing end-
users with rich interaction abilities.

In the next section, we present the WIND interactizodel. In section 3, we focus
on this APl to demonstrate its usability and itvaatted potentiality. In the last
section, we discuss the advantages and limitseofpiproach as well as future works.

2 TheWIND Model

This section presents the WIND model features atigvinteractions to be specified
and implemented within web applications. We wanthighlight that our work
focuses on interaction designing rather than iaterfdesigning [14].

We distinguish the types of user who are able maisieb framework to create an
interactive applicationdevelopersvho are people that have deep knowledge of Web
technology, as well as programming skifi@wer usersvho do not have significant
programming skills but understand the technologilifficulties of the problem being
treated; angnd-usersvho only acknowledge the problem at the desigelland do
not have any programming skills [15]. Accordingttese three types of user, our
approach targets currentieveloperandpower usersbut our final goal ignd-users
(teachers and learners).

The web cartographic applications to be implemesteslld allow users to handle
the interactions between its different componeanthss a map, a text and a calendar.
An interaction may be simply defined as a tripttrea, event, reaction>The
reactionallows the user to perceive the result of hisétion gven} on anarea of
the interface. The WIND model has been designedrdig to this principle.

2.1 Exampleof an Interaction

The application presented on Fig 1 considers a sanple interaction enabling the
user to click on théngletregion (in France) of the map (Fig 1 - a). Thetexysthen
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reacts highlighting all occurrences of the woAhglet” in the text and changing the
background colour of th&ngletregion on the map (Fig 1 - b).

This interaction can be described in the followimgy: there is a map area which
is sensitive to a user click. This reactive aredeisorated with an orange background
colour. On a left-click event on this map area,ftilowing changes occur:

- in the text area, the instances of the wohdiglet” become decorated with bold,
italic, a pink background colour and a blue forega colour;

- in the map area, the Anglet region is decoratedl hiite background colour and
green border.
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Fig 1: a simple interaction example

2.2 WIND: Core Concepts

WIND (Fig 2) is an operational model that allows both desngkand implementing
interactions in web applications mixing textSek), maps KMap) and calendars
(Calendal.

The WIND model relies on the fact that an interaetapplication presents an
interface composed of reactive areas that may driggystem reactions. Thus, an
interaction is defined by an areGensiblePajt which, under a specific user action
(even} will launch system reaction&éaction. A reaction always results (partly) in
the modification of an are&énsiblePajtof the interface, in order to allow the user
to immediately perceive the result of his/her attim some cases, modified areas can
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become new reactive arégefnsiblePajtsuch as menu opening or button appearance.
It is, therefore, able to trigger new system remagiReaction.

Since WIND describes interactions within applica@ontaining maps, texts and
calendars, the reactive are&efsiblePajton which the user will be able to act could
also be text areag ¢xtPar), map areasMapPari or calendar area€élendarParj.
On a map, for example, a reactive ar®lgPar) will concern a geographical area
defined by a point (a location), a line (a rivemoate) or a polygon (a city, a region
area). On a text, a reactive ar@axtPar) could be defined by a particular word or a
set of words (an expression, a sentence, a patggvwaple on a calendar, a reactive
area CalendarPar} will take the form of a specific date or period.

A reactive areaSensiblePajtcan be sensitive to various user actioge(): a
click on the area, a mouse-over or a double-clatkeikample. The system reaction
(Reaction following a user action (@n) on a specific areaSensiblePajt may
result in a visual effect on one or several ar&ensgiblePajtof the screen. A visual
effect may be defined with different styles: bolkdfey for a text areaTextPar},
background colour of a town on a mayapPar) and so on.

Map Text

containerDiv : String Document containerDiv : String
type : String —<;> §>— setContent(text : String)
longtude : float 0 0 o

_9 B loadCotent(url : String)
latitucle : float 1 createSensiblePart(exp : String) : TextPart []
zoom : int
createSensiblePart(g : String) : MapPart o

» il
Calendar
1 containerDiv : String 0.+
0.+

createSensiblePart(d : String) : CalendarPart TextPart
MapPart 1 id : String
geometry : String highlighti)
focus() o setStyleByCSEClass(c : String)
highlighti) CalendarPart
date : String 0.
Reaction highlight()
calledFunction : String
. 1 Popup
reactions - float
0. v : float
SensiblePart containerDiv : String
IntEraction type : String show()
event : String hide()
addReaction(react : Reaction) | _ < setContentitext : String)
activate() source createSensiblePart(exp : String) : TextPart ]

Fig 2: The WIND UML model

2.3 Codeof a WIND Interaction

The programming languages used for mapping toolsy mn important role.
JavaScript is a programming language for the iotema of HTML and CSS objects
in web page; it allows programmers to create newlHElements, to modify them,
to remove them, to associate them with CSS ate#and to deal with events without
refreshing the whole web page. Taking advantagdsiedScript, WIND is supported
by an API allowing programmers to implement eacterimction described at a
conceptual level. This API proposes a homogeneayer Ibuilt on lower level APIs,
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specialized in the handling of textual, cartograpdmd calendar elements. Thus, the
WIND functions allow programmers to handle cartqipia elements and their
associated interactions using open source API aadbpenLayers or proprietary API
like IGN Geoportail API. Programmers, however, ohigndle the functions of the
WIND API*, they do not need to know the technical featufeth@ lower level APIs
called by WIND.

The WIND API integrates the whole model conceptd allows programmers to
write their code handling the concepts of inteawdi reactive areas, events and
system reactions. The WIND API is implemented aditwy to an object-oriented
approach allowing programmers to handle each idtiera as an object made up of
reactive zones, events and system reactions. Togling an interaction deals with
building an interaction object composed of a re&ctirea object (which becomes
sensitive to a user event) and one or more systagtion objects.

As an example, the implementation of the interactiescribed in the section 2.1
has been coded following four main steps:

Step 1: Creating the application components.

/1 Building the text conponent
var t = new WIND.Text('mytext’);
t.setContent("March 20th 2009: we are in Anglet tod ay.
Anglet is located in the southwest of France.");

/1 Building the nmap conponent
var m = new WIND.Map('mymap', {type": "Google_Stre et",
'longitude’: -1.51, 'latitude’: 43.49, 'zoom': 11}) ;

Step 2: Creating the reactive areas.

/1 Building the text sensible parts
var tp = t.createSensiblePart('Anglet");

/1 Building the map sensible part
var mp = m.createSensiblePart("POLYGON((-1.52 43.53 -
1.58 43.46,-1.44 43.48,-1.52 43.53))");

Step 3: Creating the system reactions.
<style>
.town {
color : blue; font-weight : bold; font-size : 15pt ;
font-style : italic; background-color: pink; }

</style>
var rl = new WIND.Reaction(mp, 'highlight’);
var r2 = new WIND.Reaction(tp, 'setStyleByClass.tow nY;

Step 4: Creating the interaction.
var il = new WIND.Interaction(mp, ‘click’, null);
il.addReaction(rl); il.addReaction(r2);
il.activate();

1 The WIND API was completely coded from scratchooyselves. We are currently studying
to release it under a BSD license.
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3 Added-value of the WIND Mod€

WIND has five main characteristics:
« WIND isintegrative.
By design ¢f. requirements of web educational interactionsnigladvantage of
route narratives), WIND provides developers withffedent interaction
components. The map is not the central componaither is the text nor the
calendar component. These components play an deguoiviole. The user can
include within a web application as many instancksach type of component,
and we think that WIND could benefit other typesapbplications in addition to
educational ones.

WIND is also integrative because it offers an cagel to be compatible with
several mapping provider®.f. Google Maps, Bing Maps, IGN Geoportail)
without requiring more programming skills from theers.

*  WIND is object-oriented.

WIND has been designed to take advantages (eslyec@mcapsulation and
inheritance) of object-oriented programming langudlgence its UML model).
The WIND objects are simply created by their classstructor. Methods are
disposed to implement relationships between classem example, the
createSensiblePartmethod of each class (Map,ext/Popupor Calenda)
implements the aggregation relationship betweerMap class and thilapPart
class or th& ext/Popupclass and th&extPartclass or the€€alendarclass and the
CalendarPart class; the addReaction method implements the association
relationship between tHateractionclass and thReactionclass.

The highlight of the WIND model is interaction pragiming. For this
purpose, theéSensiblePartclass plays an important role. It is not only arse
reactive area of interaction but also a targettrem@rea of reaction. Thanks to
polymorphism of the SensiblePart class €.g. the MapPart TextParf
CalendarPartandPopupclasses inherit from th8ensiblePartlass), the WIND
model enables programming interactions for whategactive areas. Moreover,
interaction programming always has the same streictu

The WIND model allows programmers to add classdrited from the
SensiblePartclass. These subclasses allow diversifying thetinesa areas for
interaction. Moreover, the WIND model allows eniigh methods of the
Reactionclasses that return visualization as well as imipgpeventattribute of
the Interactionclass.

*  WIND is executable.

WIND is not a contemplative design model [16, TIfjanks to its API, it is an
executable web interaction model that enables fastotyping techniques:
developers can rapidly design an interaction anchédiately assess it. All
instances of the model can be transformed to eabltodes. It is very simple
to execute because the WIND API has hidden the tmmmethods. Each
reaction is applied to each reactive area thankihdaalledFunctionattribute
when calling the Reaction constructor. To simply implement it, the
calledFunctionattribute has &tring type. For example, if thealledFunction
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attribute is hightlight”, then the reactive area will be applied by kightlight
method. For this first prototype, we have only supgd a few methods for the
SensiblePartlasses.

The interaction is executable when it is appliedttiyactivate method. The
reactions defined for the interaction were regesleto system and will be
executed when an event happens on the reactivelefiesed for this interaction.

* WIND is declarative.

Google Maps and OpenLayers programmers will ndtie¢ a WIND application
has a very simple structure: the JavaScript codewéb interaction includes no
conditional or loop statement; there is no evenhaggr to program. All these
elements are devoted to the WIND JavaScript APd, e developer/designer
only has to declare sensible parts, events, arntdioes.

However, at the present time, using the API to decmteractions still
requires some programming skills. Our aim is tobémand-users (particularly
teachers) to design such interactions. To reach smcobjective, we need to
provide them with a dedicated simple authoring emunent. The solution that
we advocate consists of designing editors that pesduce an XML file
describing the interaction to be programmed. Ctlyemwe have implemented a
first prototype of our toolset that can parse aniNDAcompliant XML file in
order to generate interactions that the WIND A&h executedf. for example
the XML file athttp://erozate.iutbayonne.univ-pau.fr/iwind/modell>and its use
by an XML parser to produce a web application ttie user can exploit:
http://erozate.iutbayonne.univ-pau.fr/wind/genergtap ?file=model.xml Such
examples show that WIND is declarative.

*  WIND promotedightweight programming.

The WIND API was programmed with JavaScript langua@yIND is executed
on the client-side (it is compatible with any upetlate web browser). This
characteristic is quite important because we waathers to be able to produce
WIND applications by themselves and we know thasieachers do not have
the skills to install and to maintain server-sidarieworks like GeoDjango [18].

Such WIND capabilities are highlighted by the destoation available at
http://erozate.iutbayonne.univ-pau.fr/windfhis figure shows the user-interface
provided to the end-user: it is an extension ofitieraction explained in the section
2.1 that exhibits three interacting componentgxg, & calendar and a map.

The implementation of these interactions remaingpke (f. source code below)
owing to the characteristics of WIND. This applioatwas implemented following
four main steps:

1. defining the application components (a text, ardde and a map);

2. defining the reactive areas of each component;

3. defining the possible system reactions;

4. building the interactions upon previously definegative areas and system
reactions.
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March 20th 2009: we are in A#glel today. Anglet is zoom in
located in the southwest of France.

zoom out /
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= When clicking on any of two words "Anglet”, a popup appears
and the case of March 20th 2009 is highlighted.

» In the popup, when clicking "here" , the map zooms in Anglet
where is covered by a polygon and the popup disappears.

= When clicking on the polygon, it is highlighted and two words
"Anglet" are styled by a CSS class.

s When clicking on the case of March 20th 2009, the expression
"March 20th 2009" is bolded.

Fig 3: The user interface of a web-based application desigvith WIND

/1 DEFI NI NG THE APPLI CATI ON COMPONENTS - Step 1
/| Text component
var t = new WIND.Text('mytext');
t.setContent("March 20th 2009: we are in Anglet tod ay. Anglet
is located in the southwest of France.");
/l Map component
var m = new WIND.Map('mymap', {'type": "IGN_Street" ,
‘apiKey": '3r4rrrrkrikiknrAx tongitude': -0.24,
'latitude': 44.4, 'zoom': 6});
[/l Calendar component
var ¢ = new WIND.Calendar('mycalendar’);

/1 DEFI NI NG THE REACTI VE AREAS - Step 2
Il Text reactive areas
var tp = t.createSensiblePart('Anglet’);
var tpl = t.createSensiblePart('March 20th 2009');
var p = new WIND.Popup(650, 240, 'mypopup’);
p.setContent("Click here to zoom in Anglet.");
var tp2 = p.createSensiblePart('here’);
/l Map reactive area
var mp = m.createSensiblePart("POLYGON((-1.52 43.53 ,-1.58
43.46,-1.44 43.48,-1.52 43.53))");
/I Calendar reactive area
var cp = c.createSensiblePart("2009-03-20");

/1 DEFINING THE SYSTEM REACTIONS - Step 3
var rl = new WIND.Reaction(mp, 'focus’);
var r2 = new WIND.Reaction(mp, 'highlight’);
var r3 = new WIND.Reaction(tp, 'setStyleByClass.tow nY;
var r4 = new WIND.Reaction(p, 'show');
var r5 = new WIND.Reaction(p, 'hide");
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var r6 = new WIND.Reaction(cp, 'highlight');
var r7 = new WIND.Reaction(tp1, 'bold’);

/1 BU LDI NG THE | NTERACTIONS - Step 4
var i1 = new WIND.Interaction(tp, ‘click’, null);
il.addReaction(r4); il.addReaction(r6);
il.activate();
var i2 = new WIND.Interaction(mp, ‘click’, r2);
i2.addReaction(r3);
i2.activate();
var i3 = new WIND.Interaction(tp2, ‘click’, r1);
i3.addReaction(r5);
i3.activate();
var i4 = new WIND.Interaction(cp, 'click’, r7);
i4.activate();

The createSensibleParnethod of theMap class can take input a geometry string as
WKT (well-known text) format and parse it automatig. It is important to underline
that interactions can be implemented in any or8arinteraction becomes active and
executable after the call of tlaetivatemethod.

4  Discussion and Future Directions

We presented WIND, a computational model for intoa lightweight programming
of geographical web applications. We showed tha YWIND model is fully
executable thanks to the API that we provide toettgers. This APl enables
developers to describe interactions between Mapext T Calendar components
without having to know anything about the underyMveb Mapping Services (IGN
Geoportail API, Google Maps API, OpenLayers APt, et

We are currently working on the following improvem& In this current version
of WIND, we only consider interactions in which tegstem reacts immediately to
the user’s action. A system reaction can be eshaple Fig 4 — a) or composed of
several reactiong=(g 4 - b).

\_F\ ’:1? System ’:'}? System
. \ \
/ \\ System

action action

action reaction action
reaction reaction action
reaction reaction

(@) (b) (©

Fig 4: Different kinds of interactions

We have identified three main areas for improvement

» The WIND model does not allow developers prograngniitteractions where the
system reacts after a sequence of several spas#icactionsHig 4 - ¢). To take
into account this kind of interaction, we plan toprove the WIND model by
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integrating the concept of an aggregated eventaggregated event would be
triggered when the user raises a set of eventgi@deset, unordered-set, etc.).

 We also plan to extend the reactive area conceguse, currently, the WIND
model only considers areas of low semantic leveffiiilng a reactive area on a
map only consists in defining a point, a line ggaygon but we plan to extend
the reactive area definition by introducing higherel concepts such as city or
river for a map area. This work consists of sp&iray theSensiblePartlass and
improving the WIND API in order to integrate geoginécal methods allowing to
localize higher level areas on a map.

* We also consider that the model could integrateeste)mporal dimension of both
system reactions and user events. In the first ¢asemeans proposing temporal
operators allowing the programmer to define theoblogy of system reactions
resulting from a user event. In the second casegtial consists in using these
temporal operators to specify temporal sequencesef events that will define
an aggregate event able to launch one or morersysigctions.

Such improvements would be very useful to desathgcational interactions.
Finally, one of our main aims is to enable teacl{ees end-userk to take into
account a particular route narrative, from itstfilierpretation by the PlIRPfototype

Interprétation Itinéraires dans des Régiteolsef (cf. http:/erozate.iutbayonne.univ-

pau.fr/Nhan/piiry to the design of a learning scenario, taking atbge of the

geographic semantics embedded in such a documdrs. Will require further
improvements of our toolset and will lead us to liempent a visual programming
environment using the WIND API.
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