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Abstract

In order to organiseand manage geospatial and georeferencednformation on the
web making them cornvenient for searding and browsing, a digital portal known as
G-Portal has beendesignedand implemented. Comparedto other digital libraries,
G-Portal is unique for seweral of its features. It maintains metadata resourcesin
XML with °exible resourcescemas. Logical groupings of metadata resourcesas
projects and layers are possibleto allow the entire metadata collection to be par-
titioned di®ererily for userswith di®erern information needs.These metadata re-
sourcescan be displayed in both the classi cation-basedand map-basedinterfaces
provided by G-Portal. G-Portal further incorporates both a query module and an
annotation module for usersto seart metadata and to create additional knowledge
for sharing respectively. G-Portal alsoincludesa resourceclassi cation module that
categorizesresourcesinto one or more hierarchical category trees based on user-
de ned classi cation schemas.This paper givesan overview of the G-Portal design
and implemertation. The portal features will be illustrated using a collection of
high school geograply examination-related resources.
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1 Intro duction

The traditional approad to studying geograply and geograply-related sub-
jects relies very much on textb ooks, magazinesand journals. More recenly,
multimedia learning materials sudh as CDROMs and recordedvideosare also
beginningto be usedin the classrams. While thesemultimedia learning ma-
terials may changethe way geograply and geograply-related knowledgeare
acquired, they have not fundamenally changedthe way knowledgeis dissem-
inated. On the other hand, as the World Wide Web rapidly ewlvesinto an
immenseinformation network, information for the rst time canbe easilydig-
itized in many di®eren forms, publishedand sharedat a low costamongWeb
usersand their communities.

In this paper, we descrike a open digital library systemknown as G-Portal
that organizesgeospatialand georeferencedVeb resourcesand supports both
navigational and query accesn its resourcesThe designof G-Portal is very
similar to Web portals suc as Yahoo!! where selectedWeb resourcesare
indexedinto alargehierarchy of categoriessuitable for sear®iing and browsing.
The Web portal concepto®ersse\eral known advantagesto their users.Firstly,
well-categorizedWeb resourcesallow usersto quickly sift away large volumes
of unwanted information and to focus on the relevant ones.Secondly Web
portals often provide sear® enginesto query their indexedresources.

To managegeospatialand georeferencedVeb resourcesG-Portal extendsthe
traditional Web portal concept with servicesthat cater for resourceswith
spatial featuresincluding location and geometryinformation. As Webusersare
likely to locate geospatialresourcesbasedon their spatial features, G-Portal
provides a map-basedinterfaceto display information, and integrates spatial
featuresinto its query interface. To meet the information needsof di®erert
user comnmunities, G-Portal organizesresourcesinto di®eren projects and
layers. Basedon the resourceschemasand user needs,di®eren classi cation
sthemascanbede nedto support alternative ways to classifyand visualizethe
resourcesFurthermore, to e®ectiely useG-Portal in geograply education,an
annotation subsystemis included to allow usersto annotate resourcesasthey
explorethe collection. Annotations are treated as a special kind of resources,
and hencethey could alsobe accessedising the samevisualization and query
facilities designedfor other resourcesBy making annotations available among
userswithin a group, knowledgesharing becomespossibleover G-Portal.

The main cortributions of this paper are summarizedas follows:

2 Representationand organization of resouces. G-Portal resourcesare orga-
nized asprojects and layers. To facilitate future exchangesof resourcedata,

L http://www.y ahoo.com.



the resourcesare represeted in XML and they are compliant with some
resourceschemasde ned as XML Sdemas.This °exible resourcerepresen-
tation enablesG-Portal to manageheterogeneousesourcesand provide the
sameset of servicesover them.

2 Designof an integrated user interface for accessinggeosyatial and georefer-
enad Web resoures. G-Portal utilizes the spatial featuresof the resources
to provide a map-basedinterface as one primary point-of-accesso the re-
sources.The usualmap navigation aids are provided within this map-based
interface.Alternativ ely, a classi cation-basednterfaceis alsoprovided to al-
low visualization and categorizationof resourcesgspecially thoseresources
without spatial features.

2 Flexible classi cation schemewith classi cation languagesupprt and clas-
si cation engine. The classi cation-basedinterface is supported by a clas-
si cation subsystemthat o®ersa classi cation languagefor usersto group
resourcesinto categoriesand to organizethe categoriesinto di®eren tax-
onomies.Givena categorystructure, the setof rulesfor classifyingresources
can be de ned within a classi cation schema A classi cation engine has
beenimplemerted to perform the classi cation on resourcesusing a given
classi cation schema.

2 Developmentof a gesgraphy examination resoure digital library. We have
implemerted a geograply examination resourcedigital library using G-
Portal. The digital library enablesa community of high school studerts to
build their knowledge around geograply examination questionsorganized
in di®eren topics, to annotate their knowledge as new resources,and to
sharetheseresourceswith other studerts

The designof G-Portal covers a wide range of researt issues.In this paper,

we will con ne our discussionto those issuesrelated to metadata resource
represemation and organizationincluding the classi cation structuresand user
interfacepresenation. Other issuessud asquery and useraccesgortrol issues
will only be coveredbrie®y asthey can be treated quite independerily. As G-

Portal is designedto support learning, we have also conducted some study

on its usein somelearning/pedagogicaltasks. Interestedreaderscan refer to

Chua et al. (2002); Theng et al. (2002) for more information.

1.1 A UseCaseExample

In our design process,we conducted a use-caseanalysis (Fowler and Scott,
1999)on how G-Portal should be usedto meetthe learning goalsof its users.
Eadh usecasedescribesthe stepsrequiredto accomplisha task usinggeospatial
and georeferencedesourcecollection(s). The dewelopmert of sud use cases
for earth systemeducationhasbeencarried out in the DLESE (Digital Library
for Earth System Education) researtt (Sumner and Dawe, 2001). Instead of



using someof the usecasesfrom DLESE, we have decidedto examinea use
casemost pertinent to the learning needsof high sdool studerts in Singapore,
that is, preparing for the nation-wide Geograply examination. This usecase
canguide usin determining speci ¢ G-Portal designrequiremerts, and at the
sametime, be generalenoughto be usedfor other learning applications.

High sdhool equivalent of studerts in Singapore in their fourth year are re-
quired to take a nation-wide examination covering 6 to 8 di®erern subjects,
including Geograply. Geograply is nhot an easynor interesting subject for the
studerts as they usually perceiwe the subject to be very uninteresting and
boring. Moreover, asthe studernts' advancemen to the tertiary program heav-
ily dependson the outcome of the examinations,the teaching of Geograply
usually follows the examination syllabusvery closely and the preparation for
the Geograply examination heavily relieson past year examination questions
and answers o®eredby local publishers. To correct this narrow approad to
study geograply, we intend to dewelop a digital library portal systemto help
students expandtheir knowledgebeyond the \mo del" answers of examination
guestionsby exploring knowledgefrom other sourcesparticularly onthe Web.

A Geograply teacher (or a group of teachers) can rst compile a collection of
past year examination questionsand other related questions,known asthe ex-
amination questionresourcecollection. Using G-Portal, this collection can be
browsedand searted by teachersand studerts. There are two kinds of infor-
mation that canbe gatheredfor eat question,namely suggestecanswersand
knowledgeabout conceptsreferencedby the question. Studerts and teachers
canwork togetherto gather sud information, and alsoprovide commerts. The
examination questions,answersand other resourcesan be arrangedin di®er-
ent ways for usersto locate them easily basedon their typesand attributes.
Many of them also involve spatial information that can be best visualized
using a map. When the resourcesare existing Web sites or Web pages,it is
necessaryto support links to theseresourcesrom G-Portal.

The above use caseis a fairly generaland open-endedone. It involves some
generaltasksto be performedon geospatialand georeference®eb resources
but doesnot dictate a strict ordering on the tasks. Instead of trying to address
the above requiremerts by a singlework°ow, we have decidedto have G-Portal
provide a set of servicesthat can be conmbined in a °exible way to achieve the
usecaserequiremerts.

From the use caseexample, we also concludethat G-Portal should support
a °exible repository systemaccommalating di®eren kinds of resources.The
knowledge managedby G-Portal can be classi ed broadly under generalre-
sourcesand annotations. The former refersto the core knowledgefor usersto
exploreand learn, while the latter refersto additional cortributed knowledge
about the former. The format of the generalresourceand annotation descrip-



tion should be madecommonin order for G-Portal's servicesto be deweloped
in a consisteh way. Newertheless,the format should also allow usersto dis-
tinguish betweenthe typesof information they deal with. One should alsobe
able to group di®eren resourcesand annotations together under a common
project. Furthermore, to facilitate searding and browsing, alternative cate-
gory structures should be madeavailable to usersto suit di®erern information
neesand cortexts.

The above suggeststhe needfor a set of modulesto deal with the di®eren
services.It turns out that modules can be designedto be generic enough
to handle other use cases,sud as collecting and organizing information for
a Geograply project, and establishing a special interest group for learning
speci ¢ Geograply topics.

1.2 Key Coneepts

This section brie°y introducesthe key conceptsof G-Portal. Some of the
conceptswill be discussedurther in the subsequethsections.

Resources are the basicelemens of G-Portal. They are metadata describing
raw resourcesfor example,physicalbooks,journal articles, papers,Webpages,
and Web sites. They are generic cortainers that store data. Every resource
has an identi er, a resouce name a location, a creator, source, and content
as de ned in its schema. Annotations are a special type of resourcesthat

are assaiated with someother resources Annotations are typically usedby

usersto attach their knowledge about resourcesand share this knowledge
with other users.In G-Portal, all resourcesjncluding annotations, are stored
as XML documerts.

Schemas areusedto de ne the internal structure of resourcesEvery resource
requiresa sthema. Resourceswith the samesdemacan be seenasinstances
of the schema, in which case,the schema plays the role of a Classin the
Object-Oriented paradigm.

In addition, resourcestypically are not used in isolation but as part of a

larger task. The conceptof a Pro ject is introducedto de ne the collection of

resourcegand annotations) that are relevant to a use case,for example,ge-
ography examination related resourceslUnder a project, resourcesare further

groupedinto layers for ner grainedorganization. The display of all resources
within a layer can be turned on and o®within the G-Portal userinterfaceto

reduceinformation overload. Each project will have one or more core layers

which sene asthe spatial cortext for the entire project.

The separationof core layers from other layersis essetial in G-Portal. The



core layers typically consist of resourceswhich are spatial objects sud as
courtry boundaries,lakes,riversand their relevant information. For example,
a project involving the study of variouslakesin South-EastAsia may combine
the map of South-EastAsian courtries (onetype of resource)and information
about lakes(another type of resource)into onecorelayer. Layersthat are not
de ned as core layers are called non-oore layers Core layers will always be
shovn on the map-basednterface. The display of non-corelayerson the map
can be toggled on or o®, depending on the preferencesand interests of the
individual end users.

1.3 Paper Outline

The remaining sectionsof this paper presett G-Portal in detail. We rst re-
view the existing works related to G-Portal in Section 2. The managemenh
of metadata resourcesand annotations is descrited in Section 3. Section 4
discusseshow the system preserts and visualizesthe resources.Section 5.2
covers the XML editor for manipulating metadata resources.The classi ca-
tion schemeis then preserted in Section 6, followed by a description of the
systemarchitecture of G-Portal in Section7. Finally, we give someconcluding
remarks and directions of our future work in Section8.

2 Related Work

Comparedto the previousdigital library systems,G-Portal is unique in the
way resourcesare represeted and organized. The °exible use of resource
sthemasallow G-Portal to operate on a collection of resourcesof di®erert
types.G-Portal further supports con gurable classi cation schemesfor these
resourcesmaking the userinterface more accustomedto the learning task at
hand.

G-Portal sharessimilar goalswith existing digital libraries providing accesgo
geospatialand georeferencedonent. Theseinclude early systemssud asGeo-
rep (Proulx et al., 1996) and the Spatial Documert Locator System (SDLS)
(Orendorf and Kacmar, 1996)both of which provide basicseard and retrieval
servicesof geospatialdata over the World Wide Web. More recen projects
include the Alexandria Digital Library (ADL) (Smith, 1996),its successothe
Alexandria Digital Earth Prototype System (ADEPT) (Smith et al., 2001),
the Digital Library for Earth SystemEducation (DLESE) (Sumnerand Dawe,
2001),Earthscape (Columbia Earthscape, 2002),and the Building the Digital
Earth Project (BDE) (Seler et al., 2001).



ADL's goalwasto build a distributed digital library accessiblever the Inter-

net for geographicallyreferencedmaterials including maps, satellite images,
etc., and their assaiated metadata. ADEPT builds upon ADL and seeksto

support the creation of personalizeddigital libraries of geospatialinformation

(\ learning spaces), and investigating their utilit y in post-secondaryscience
education(Colemanet al., 2001).Like ADEPT, DLESE focuseson education
and cortains online educationresourcedor various educationallevelsin earth

systemscienceeducation. A notable di®erencds that the content of DLESE

relies on users' cortribution of resourceswhich may include maps, simula-

tions, lessonplans, data sets, etc. Similarly, Earthscape provides a collection
of online resourcesn the earth sciencesand theseare classi edinto four cat-

egories:teading (e.g lessonplans), learning (e.g. readingsand links), policy

and researt. Earthscape however di®ersfrom DLESE and G-Portal in that

it is subscription-basedwith its resourcesobtained after review by an edito-

rial board consisting of scholars in the discipline. The Building the Digital

Earth Project, unlike G-Portal, focusesmore on geospatialcorntent creation
and digital earth visualization (Seker et al., 2001).

In addition, G-Portal sharesthe view that digital libraries should be ernvi-
ronmerts where patrons not only retrieve information but also cortribute re-
sourcesto enhancethe libraries' holdings as well. As sud, G-Portal may be
comparedto digital libraries suth as DLESE, Syndrony (Goh and Leggett,
2000),the Global Digital Museum(GDM) (Takahashiet al., 1998)albeit with
di®eren approadesto cortribution and in di®erem domains. For example,
DLESE and GDM support cortributions via Web-basednterfaceswhile Syn-
chrony employs a spatial hypertext interface.

The G-Portal e®ortis alsorelated to systemsthat attempt to provide a sin-
gle interfaceto accesamnultiple heterogenougyeospatialand/or georeferenced
digital libraries (GDLs). For example,the Systemfor the Optimized Selection
of Spatial Data (SOS-SD)project (L&tourneauet al., 1997) has investigated
the possibility of building a data warehouseapplication that retrievesprelim-
inary data from di®erem GDLs and integratesthem into a single databasefor
userinquiry. In the MEADOW (Middleware for Excient Web-basedAccesso
Databaseghrough OpenGISWrappers) project (Cha et al., 2000),researbers
adoptedthe CORBA object model and the OpenGIS standard, and proposed
an architecture for accessingnultiple geographicdatabases.

Finally, the approad of using map-basedinterfacesto accesgyeospatialand
georeferencedorient may alsobe found in seeral systems.Apart from ADL
and ADEPT, Global-Atlas (Lee et al., 2001)is a geographicalseart service
that allows usersto seard for distributed Web resourceshy drawing a query
onamap. The systemthen respondsby retrieving documerts found within the
boundedregion. Similarly, the work by (Zhou et al., 2001) proposesanother
map-basedWeb seart interface that integrateswith the WWW and visual



spatial query interface. SDLS also supports map-basedaccesso documerts
but navigation is the only accessnedanism.Usersbeginwith atop-level map
and traverse various regions (\ information zones') until the desired docu-
merts are located. Note howewer that in these systems,seard and retrieval
are the main featureswhereasG-Portal focuseson °exible resourceclassi ca-
tion and annotation aswell.

Despite some similarities with existing GDL projects, G-Portal has se\eral

important di®erenceslts designallows °exibilit y in metadata resourcerepre-

sertation and provides a genericapproad to organiseand manipulate these
resources.For example, both ADL and ADEPT own the resourcesin the

collection while G-Portal adopts a model closerto DLESE in that the dewel-

opmert of the collection dependsmainly on users'cortributions aswell ason

the discovery and acquisition of external resourceqsuch as geograply-related

Web sites). G-Portal's resourceaccessand cortribution approad di®ersfrom

DLESE and Earthscape through the provision of both an interactive map-

basedinterfaceaswell asa classi cation-basednterface. Either interface may

be useddepending on the type of resourcesFor instance,spatial information

may be accessedhrough the map-basedinterface while non-spatial resources
may be accessedhrough the classi cation-basedinterface. This °exibilit y al-

lows a greater range of resourcesand resourcetypesto be made available to

the Digital Library (DL) users.

3 Mo deling Resources and Annotations

In this section, we descrike how geospatialand georeferencedesourcesare
managedin G-Portal.

3.1 Resoure Data Model

In G-Portal, we distinguish the resourcesmaintained by the DL systemfrom
those pre-existing Web resourceslocated on public domain Web sites. The
former are referred to as metadataresources while the latter are known as
raw resouces Raw resourcegould be webpagesmaps,gazetteer(a dictionary
of ertities), etc., solong asthey are related to geograply and are accessible
on the Web. Metadata resourcesare the more structured versionsof their raw
courterparts and are cortributed by usersknowledgeableabout the assaiated
Web sites or pages.G-Portal is designedto managethe metadata resources
only. To allow for a more °exible use of these metadata resources,we also
allow metadata resourcesto be created without assaiating them with Web
resourcesTheseare usually metadataresourceshat do not haveraw resources



<l-- Resource.xsd -->
<?xml version="1.0" encoding="UTF-8"?>
<xsd:schema xmins:xsd="http://www.w3.0rg/2001/XMLSchema" elementFormDefault="qualified">
<xsd:element name="Resource" type="ResourceType">
<xsd:complexType name="ResourceType">
<xsd:sequence>
<xsd:element name="ID" type="xsd:string"/>
<xsd:element name="ResourceName'type="ResourceNameType"/>
<xsd:element name="Location" type="LocationType"/>
<xsd:element name="Creator" type="CreatorType"/>
<xsd:element name="Source" type="SourceType"/>
<xsd:element name="Content" type="ContentType"/>
</xsd:sequence>
</xsd:complexType>

<xsd:complexType name="ContentType">

</xsd:complexType>
</xsd:schema>

Fig. 1. The Base Schemafor All ResourceSchemas

readily available on the Web, for example, geograply book metadata. The
metadata resourcesin G-Portal are represeted in XML format while the
raw resourcescan be of any format. To simplify the rest of our discussion,
the term \resource" refersto \metadata resource"unlessin situations where
explicit terms are required.

G-Portal focusesspeci cally on geospatialand georeferencedesourceswhich
meansthat geometrylocation is explicitly includedinto the resourcede nition
to assaiate a resourcewith a location on the map if the location information
is available. Each G-Portal metadata resourcealsocortains a source reference
to its raw resource.

EXtensible Markup Language(XML) 2 hasbeenchosento represem resources
in G-Portal. This facilitates sharing and publication of resourcesbetween G-
Portal and other systems.The XML represemation also supports easytrans-
formation of resourcesfrom one format to another. Each resourcemust be
created using someresoure schemade ned using XML Sdema3. All re-
sourcesthemasare derived from a base resouce schema which is partially
shawn in Figure 1 (SeeAppendix for the complete de nition of the basere-
sourcesdema). This baseresourceschema includes the common attributes
of a resourcesuc asidenti er, name,location, creator, and source.Eac re-
sourceis assigneda unigueiderti er within the G-Portal system.The location
attribute registersthe spatial properties of the resourcethat can be a point,
line, polygon, or a set of polygons. The sourceattribute capturesthe link to
the raw resourcereferencedby the metadata resource.Unlike all the other
elemerts, the cortent elemen in the baseresourcesthema does not have a
xed type. The content elemen structure can be customizedin di®eren de-

2 http://www.w3.0org/XML/
3 http://www.w3.0rg/XML/Sc  hema



<l--  ExamQuestion.xsd -->
<?xml version="1.0" encoding="UTF-8"?>
<xsd:schema xmins:xsd="http://www.w3.0rg/2001/XMLSchema" elementFormDefault="qualified">
<xsd:redefine  schemalocation="Resource.xsd"/>
<xsd:complexType name="ContentType">
<xsd:sequence>
<xsd:element name="Paper" type="PaperType"/>
<xsd:element name="Subject" type="SubjectType"/>
<xsd:element name="QuestionNumber" type="xsd:int"/>
<xsd:element name="Type">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Essay"/>
<xsd:enumeration value="MCQ"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="Description" type="xsd:string"/>
<xsd:element name="MCQChoices'type="QuestionMCQChoiceType" minOccurs="0"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="PaperType">
<xsd:sequence>
<xsd:element name="Year" type="xsd:short"/>
<xsd:element name="Month" type="xsd:byte"/>
<xsd:element name="Number"type="xsd:byte"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="SubjectType">
<xsd:sequence>
<xsd:element name="Title" type="xsd:string"/>
<xsd:element name="Part" type="xsd:string"/>
<xsd:element name="Theme"type="xsd:string"/>
<xsd:element name="Topic" type="xsd:string"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="QuestionMCQChoiceType">
<xsd:sequence>
<xsd:element name="Choice" type="QuestionChoiceType" maxOccurs="unbounded"/>
</xsd:sequence>
<xsd:attribute name="Type" default="SingleChoice">
<xsd:simpleType>
<xsd:restriction base="xsd:NMTOKEN">
<xsd:enumeration value="SingleChoice"/>
<xsd:enumeration value="MultipleChoices"/>
<xsd:enumeration value="OrderedChoices"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
</xsd:complexType>
<xsd:complexType name="QuestionChoiceType">
<xsd:sequence>
<xsd:element name="Label" type="xsd:string"/>
<xsd:element name="Description" type="xsd:string"/>
</xsd:sequence>
</xsd:complexType>
</xsd:schema>

Fig. 2. A ResourceSchemafor Geograply Exam Question Resources

rived resourceschemato represen di®eren typesof resourcecortent . Since

4 An alternativ e approad is to usenamespaceo distinguish metadata and cortent
elemerns in a resource.This unfortunately is not supported in the current version
of G-Portal.

10



<l--  ExamQuestionD87P1Q23.xml-->
<?xml version="1.0" encoding="UTF-8"?>
<Resource xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemalocation="ExamQuestion.xsd">
<ID>ExamQuestion_1</ID>
<ResourceName>=Name>D87P1Q23</NamefResourceName>
<Location>...  ...</Location>
<Creator>... ...</Creator>
<Source> <Link>
http://www.cais.ntu.edu.sg/~gportal/GPortal/gce_exam/D87P1 Q23htm
</Link> </Source>
<Content>
<Paper> <Year>1987</Year> <Month>12</Month> <Number>1</Number>=/Paper>
<Subject>
<Title>ldentify type of climate based on shaded regions on the map</Title>
<Part>Physical Geography</Part>
<Theme>Weatherand Climate</Theme>
<Topic>Climatic types: Nature, distribution and explanation</Topic>
</Subject>
<QuestionNumber>23</QuestionNumber>
<Type>MCQ</Type>
<Description>The world map shows the distribution of one type of climate.
This type of climate is described as </Description>
<MCQChoices>
<Choice> <Label>A</Label> <Description>equatorial</Description> </Choice>
<Choice> <Label>B</Label> <Description>hot desert</Description> </Choice>
<Choice> <Label>C</Label> <Description>savanna</Description> </Choice>
<Choice> <Label>D</Label> <Description>tropical monsoon</Description> </Choice>
</MCQChoices>
</Content>
</Resource>

Fig. 3. An Example of an ExamQuestion Resource

its cortent elemen type is not speci ed, the baseresourceschemasenesasa
virtual classfor other derived resouce schemasto be de ned.

Eadch derivedresourcescthemamay include other attributes relevant to the type
of resourcedescriked by the sthema. Theseadditional attributes are de ned
by overriding the ContentType elemen. Figure 2 shavs a sthemafor resources
that descrile information about high sdhool geograply exam questions.Note
that ead question resourceconsistsof the year, theme and topic de ned in
the syllabus, question number, the cortent of the question and optionally
the choicesif it is a multiple choice question. Since XML Sdcemais itself an
XML documert, resourcesthemasshare advantagesof all XML documerts,
including opennessand madine-readability.

Resourcanstancescanbede ned basedon actual valuesof resourceattributes.
Figure 3 presens an exampleof a resourceof the type ExamQuestiorbased
on the ExamQuestiorResourceschema

It shouldbe notedthat for this particular metadataresourcewe haveincluded
somecortents of the raw resource,in this casethe content of the actual ques-
tion, sothat searding of questionscan be more meaningful. In general,this
needsnot be the case.What attributes to be included in the metadata and
whether the attributes comefrom the raw resourceare completelydetermined

11



<l-- BasicAnnotation.xsd = -->
<?xml version="1.0" encoding="UTF-8"?>
<xsd:schema xmins:xsd="http://www.w3.0rg/2001/XMLSchema" elementFormDefault="qualified">
<xsd:redefine  schemalocation="Resource.xsd"/>
<xsd:element name="Resource" type="AnnotationType"/>
<xsd:complexType name="AnnotationType">
<xsd:complexContent>
<xsd:extension base="ResourceType">
<xsd:sequence>
<xsd:element name="AnnotatedResources" type="AnnotatedResourcesType"/>
</xsd:sequence>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>
<xsd:complexType name="AnnotatedResourcesType">
<xsd:sequence>
<xsd:element name="Resource" type="xsd:string" maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:complexType>
</xsd:schema>

Fig. 4. The Base Schemafor Annotations

<l--  QuestionAnnotation.xsd  -->
<?xml version="1.0" encoding="UTF-8"?>
<xsd:schema xmins:xsd="http://www.w3.0rg/2001/XMLSchema" elementFormDefault="qualified">
<xsd:redefine  schemalocation="BasicAnnotation.xsd">
<xsd:complexType name="ContentType">
<xsd:sequence>
<xsd:element name="Comment'type="xsd:string"/>
</xsd:sequence>
</xsd:complexType>
</xsd:redefine>
</xsd:schema>

Fig. 5. A Simple Sthema of Annotations on Exam Questions

by the metadata resourceschemacreators.

Another point to note is that the semarics of the elemerts, especially those
under the Contentelemen, may sometimesbe ambiguous. This problem may
be partially solved by introducing namespaceHoweer, it might still be dif-
“cult to disanbiguate the semarics unlessthere is an authority or some
standard committee that de nes the possible meaning of the elemerts in a
registry. We alsonote that incorporating hamespacento the systemis rather
straightforward. We only needto add the namespacesnto the schema and
the correspnding resourcesThere are no changesrequiredin terms of imple-
mertation.

3.2 Annotations as Metadata Resoures

To createan ertire learning ervironmert that allows the sharing of knowledge
among users, it is often desirableto allow usersto annotate resourceswith
their knowledge, store theseannotationsin the DL and make them available
to other users(Xerox, 2000).
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In the area of Web annotation, the Annotea Web-basedannotation system
supports a RDF-basedannotations of Web pagesor other Web objects with
URIs (UniversalResourceldenti ers) (Kahan and Koivunen, 2001).Each an-
notation is represemed as a set of elemens (about the annotation creator,
date of creation, etc.) and an annotation body. Multiple annotation classes
(similar to our annotation schemas)can be createdby Annotea to instantiate
di®eren annotations for di®eren purposes(e.g. Advice, Commen, Example,
etc..). Howewer, the cortent or body of annotations in Annotea is not struc-
tured (free text or HTML documernt). The approad of using unstructured
annotation cortent is alsoadoptedin the DLESE and ADEPT digital library
projects. DLESE and ADEPT de ne a commonmetadata framework known
as ADN Framework to standardizethe represetation of metadata resources
including annotations (Sumner and Dawe, 2001; Smith et al., 2001; ADN,
2003).

In G-Portal, annotations are assaiated with metadata resourcesthat are
proxies of Web resourcesUnlike the systemsmertioned above, G-Portal has
adopteda more °exible annotation schemastructure which allows a basican-
notation sthemato be extendedwith di®eren elemens that capture a wide
variety of annotation types. Annotations are treated as a special type of re-
source(Liu et al., 2002). In addition to the elemens of the basic resource
sthema,a new AnnotatedResources elemert is addedto the baseannotation
resourceschema as shavn in Figure 4. This elemen identi es one or more
resourcesthat have been annotated by keepingthe resoure ids of the list
of annotated resources.Other important elemertts, such asid and location
elemers, are inherited from the basicresourceschema.

As a subtype of resource,annotations can enjoy the same DL servicesas
other ordinary resourceqi.e., thoseresourceghat are not annotations). Fur-

thermore, annotations can also be annotated, just like ordinary resources.
Similarly, annotations within a project are grouped into di®eren layers. This

designoption greatly simpli es the implemertation of G-Portal.

Another side e®ectof an annotation being a resourcels that every annotation
will have a location elemern. This location elemen can be derived from the
resourcesbeing annotated, if they have geospatialattributes. An annotation
may also have its own location value directly assignedoy the annotator.

Unlike most existing annotation frameworks where annotations can only be
createdfor individual resourcespur framework allows multiple resourcegpos-
sibly with di®eren resourcesschemas)to be annotated using a singleannota-
tion. In the geograply examresourceexample,an annotation may be created
to descrike a geograply conceptthat appearsin multiple examination ques-
tion resourcesin traditional annotation systemsthis canonly be achieved by
annotating one questionresourceand adding the ids of the other questionre-
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<l--  TrendQuestionAnnotationl.xml  -->
<?xml version="1.0" encoding="UTF-8"?>
<Resource xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemalocation="QuestionAnnotation.xsd">
<ID>QuestionAnnotation_1</ID>
<ResourceName>
<Name>Trendin vegetation related questions</Name>
</ResourceName>
<Location Type="Geometry"> <Geometry>... .. </Geometry> </Location>
<Creator> ... .. </Creator>
<Source> ... ... </Source>
<Content>
<Comment>Ajuestion on vegetation seemsto appear each year!l</Comment>
</Content>
<AnnotatedResources>
<Resource>ExamQuestion_35</Resource>
<Resource>ExamQuestion_60</Resource>
<Resource>ExamQuestion_61</Resource>
</AnnotatedResources>
</Resource>

Fig. 6. A Simple Annotation on Exam Questions

sourcednto the annotation cortent, which is a non-intuitiv e approad because
an extra stepis requiredto nd all the annotated questions.

The de nition of the cortent in the basic annotation schema s left to the
users,just asin the de nition of resourcesNew typesof annotations can be
createdby altering the format of the cortent of the annotation. Figure 5 shows
an exampleannotation sthemathat hasonly one cortent elemen Comment
An instance of annotation of this type is shavn in Figure 6. This annotation
captures a simple commen on the three instancesof resourcesof the type
ExamQuestion de ned in Figure 2. The ids of the annotated resourceqques-
tions) are listed in the AnnotatedResources elemen. Here, only a simple
commert is usedto descrite the trend spotted from thesequestions.

4 Map-based and Classi cation-based User Interfaces

In this section,we describte how G-Portal preserts its resourcego users.There
are two basic interfacesfor visualizing resourcesn G-Portal: a Map-based
Interface and a Classi cation-based Interface .

4.1 Map-hasal Interface

The map-basednterfaceis a window in which geospatialmetadata resources,
corntaining location and shape valuesin the location elemerts, canbe displayed
on a two-dimensionalmap.
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As metadataresourcesare grouped under di®eren projects for di®eren appli-
cation usagesthe map-basednterface (and the classi cation-basednterface)
is designedto display resourcesof one project at a time. Eadch project will
have one or more core layersthat cortain geospatialresourcego provide the
map cortext for displaying resourcedn the non-corelayers. For example,the
core layers usually cortain resourcescorrespnding to courtry boundaries,
rivers, mourtains, etc., within a map. Hence,the resourcesn the core layers
are always visible in the map interface while thosein the non-corelayers are
optionally displayed as con gured by the users.

Geospatialresourcesof the samelayer are displayed using the sameline and
1l colorsselectedby the users.Whenit is necessaryo haveall resourcef the
sameresourcesthemausethe samecolor scheme,we can group the resources
into a layer and de ne a color schemefor the layer.

To allow usersto navigate the map-basednterface, G-Portal providesa set of
Navigation Tools. For example,userscanzoom in and out, and pan within any
region of the project. G-Portal also provides a navigation aid called a \Bird's

Eye View" that shows the ertire region of the project in a small dialog and
highlights the areathat the useris currerntly viewing. All layers are listed in
the Layer Dialog and userscan turn the layers on and o® using chedkboxes.
Layer colorsmay be changedhere as well. The map-basedinterface together
with thesetools are shavn in Figure 7.

4.2 Classification-baseal Interface

G-Portal alsomanageson-geospatiakresourceghat arerelevant to a project.
Examplesof theseresourcesnclude generalgeographicalinformation sud as
how mountains are formed, climate and demographicinformation.
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For theseresourcesas well as the geospatialresources,G-Portal provides a
Classi cation-basedInterface that shaws resourcesin categoriesde ned by

users,with categoriesorganizedinto categorytrees. This classi cation-based
interface exists side-ly-side with the map-basedinterfaceto provide an alter-

native category-basedapproat to browseand seart resources.The criteria

for classi cation are usually basedon attributes of the resourcesThe interface
utilizes the classi cation serviceprovided by G-Portal and displays the results
in the form of an hierardhy to users.In Section6, we will descrike the classi -

cation languageusedto de ne categoriesand the hierarchical categorytrees.
Other than the mode of visualization, the map-basedand classi cation-based
interfacesare quite similar in terms of resourceselectionand display.

To the users,the sameresourcescan be viewed under di®eren categorytrees
accordingto the grouping criteria most appropriate to the task at hand. For
example,for studernts who want to analyseexamination trends will prefer a
categorytree with questionresourceslassi edby year. For studerts who want
to revisewhat they have learnt in class,questionresourcesclassi ed by topic
may be more appropriate.

As shown in Figure 8, the classi cation-basedinterface displays a single root

that cortains resourceschemasas their child categories.For ead resource
sthema, one can have one or more category tree structures ead cornaining

other internal categoriesand leaf categories.All resourcesappear at the leaf
categories.
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Fig. 9. The Window QueryDialog

4.3 Synchonization Between Interfaces

Besidesproviding support for visualizing resourcesn both interfaces,G-Portal
also supports syndironization betweenthe two interfaces.To illustrate this,
we refer to the usecasedescrited in Section1.1.

Assumethat the geograply examination question resourceschema given in
Figure 2 hasbeenusedto create questionresourcedor the geograply exam-
ination use case.While the question resourcesmay be classi ed by year or
topic, they can also be shown in the map-basedinterface accordingto their
locations. By clicking on a questionresourcein the classi cationinterface,the
userwill seethat the resourceis also highlighted in the map interface if the
guestion carrieslocation information.

Supposethat the examination questionresourcesare grouped by year. If the
user clicks on the category of questionsappearing in 2000, all the questions
with spatial featuresin that categorywill be shovn onthe map aswell. On the
other hand, if a userselectsan areaon the map that includesse\eral question
resources,the correspnding resourceswill be highlighted in the classi ca-
tion interface. This syndronization will allow usersto immediately seethe
distribution of resourcesin both interfaces,and to quickly retrieve relevant
resourceausing alternative approades.
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4.4 Query Interface

Besidesthe navigation-based approades to locate resourcesusing the two
interfaces,G-Portal alsoo®ersa simple query interface for usersto seart re-
sourceswithin a given project. The resourceso be searhed and the seart
criteria are speci ed using the query user interface (seeFigure 9). To cater
to resourceswith spatial features,the query userinterface allows a query box
to be drawn within the map-basedinterface and supports seeral basic spa-
tial query predicatessud as cortainment and overlap. Internally, the seart
criteria are corverted into a XQuery-like query languageknown asRQL (Liu
et al., 2003)and submitted to the query engineat the G-Portal sener for eval-
uation. The seard results are shavn in a result list window where resources
can be selectedfor further viewing. A similar syndironization medanism has
beenimplemerted between the result list window and both the map-based
and classi cation-basedinterfaces. When the user selectsa resourcein the
result list window, the location of the resourceon the map and the categories
that the resourceis assignedto in the classi cation-basedinterface will also
be shown.

5 Metadata Resource Creation
5.1 Resource/Annotation Creation Interface

G-Portal providesa userinterfaceto allow usersto createresourcesand anno-
tations. Creating a newresourcenstanceconsistsof two main steps:specifying
the coreattributes and the customizedattributes (i.e., thoseunderthe Content
elemern). This subsectiondiscusseghe userinterface for specifying core at-
tributes. The interface for specifying customizedattributes is coveredin next
subsection.

Figure 10 shows the interface for creating a new annotation®. To start, the
user choosesa sthema for the new annotation from a list. The layer where
the annotation belongsto is also speci ed. Once the schema and the layer
are determined, the user can start entering the core attributes, sud as name
and sourcelink. Note that usersdo not needto ernter the resourceid asit is
automatically generatedby the system.If the current useris usinga public or
sharedaccoun, he/she can changethe author information to re°ect his/her
identit y.

5> The interface for creating a new resourceis very similar to that for annotation,
exceptthat the portion for specifying geospatialattribute is simpler.
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Fig. 10. The CreateAnnotation Dialog

Another important coreattribute is the location. For an annotation, there are
se\eral ways of assigninga location. It canbe either derived from the location
values of the annotated resources(using a minimum bounding box covering
them, or simply usingthe union of their location values),or explicitly speci ed
by the annotator using a drawing tool within the map interface. Howewer, for
a normal resource the location can only be assignedusing the drawing tool.

Oneimportant di®erencdn the creation of resourcesand annotations is that
creating an annotation requiresthe userto rst specify the resourcesto be
annotated. This canbe performedeasilyby rst bookmarkingthe resourcego
be annotated and specifying the annotation cortent. The bookmarking step
essetially involves selectingresourcesfrom the map-basedor classi cation-
basedinterface and adding them to a bookmark one at a time. Once a set
of resourcesare bookmarked, the usercan start specifying the coreattributes
with the procedureoutlined above.

5.2 Metadata Resource Editor

In the interfacefor creating annotation, after specifyingall the coreattributes,

the user clicks on the button \Edit XML Content” to edit the customized
attributes. Recall that all customizedattributes must be de ned under the

Content elemen and may be arbitrarily nested. The editing of customized
attributes, therefore,requiresan editor capableof editing XML corntent. Since
usersmay not be familiar with XML, it will be too dixcult for them to use
a simple text editor to enter XML content in plain text format. To make the
metadata resourcecreation processmuch easier,we have implemerted a user-
friendly, sthema-guidedXML editor. This editor is usedto edit both resource
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and annotation cortent.

Figure 11 shows a screenshotof the XML editor for creating a question re-
source,with a sthema as shown in Figure 2. The appearanceof the editor
resenbles that of Windows Explorer. The tree formed by the XML elemen
structure is displayed in the left panel. Elemert namesare shovn as namesof
tree nodes.When an elemen is selected the right panel shows the attributes,
text valuesand/or the child elemerts of the selectedelemen.

One important feature of the XML editor is that it is schemaguided. Before
the editing starts, the resourceschema (in the form of XML Sdema) hasto
be suppliedto the editor. The editor parsesthe shemaand generatesa base
skeletonof the XML cortent with empty value for ead elemen. The userthen
interactively usesthe tree in the left panelto selectthe elemens and Ils in
their text valuesand attribute valuesin the right panel.

In the screenshotin Figure 11, the MCQChoice®lemen (selectedin the left
panel) is being edited. As de ned in the XML Sdcemain Figure 2, a MCQ-
Choiceslemen, being of the complextype QuestionMCQChoiceg/pe, hasone
attribute namedType and may have oneor more child elemens namedChoice
The possibility of one or more occurrencesof the Choiceelemet is indicated
by the maxOccurs="unbounded'attribute in the de nition. The value of the
attribute (\SingleChoice" in this case)can be Tled in. For child elemens
suc as Choicewheremultiple occurrencesare allowed, two operations can be
performed: insert and delete The insert operation is invoked by clicking on
the \new instance" button, which resultsin one more instance of the elemen
being created. The delete operation is performed by clicking on the \delete"
button to the right of the elemen to be deleted.

Note that the availability of the insert and delete operations are strictly de-
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pender on the given resourcesthema. For example,the schemain Figure 2
indicatesthat the Choiceelemen shouldhave at leastoneoccurrence.Thus, if
in Figure 11, the userdeletesone of the two Choiceelemerts, leaving only one
Choiceelemen left, the correspnding \delete" button of the Choiceelemen
left will not be showvn soasto ensurethat the userhasno way to deletethis
last instance. Similarly, if the schema speci es that the elemen has exactly
oneoccurrence,then neither the \delete" nor the \new instance" buttons will
appear. Therefore,the insertion and deletion of elemernts is closelyguided by
the shemaand the editor is ableto ensurestructural conformanceat run-time.
Sud tight cortrol over the allowed operations greatly reducesthe chancesof
making errors; thus making the XML cortent creation processmuch easierfor
ordinary users.

Oncethe customizedattributes have beenspeci ed, the XML editor veri es
that the entered valuessatisfy all the constraints in the sthema before sav-
ing the edited XML cortent and returning to the createresource/annotation
interface. The complete resource/annotation instance can be constructed by
the systemby combining the core and customizedattributes, which can then
be transferredto the sener and storedin the badkend databases.

6 Metadata Resource Classi cation

To support the classi cationinterfacedescribedin Section4.2,a °exible classi-
“cation schemeis required.Most existing DL classi cationmedanismsassume
asingletype of resourceand a singleclassi cationtaxonomy, which make them

unsuitable for heterogenousNeb resourcesMoreover, thesemedanismsusu-

ally require the classi cation processto be done manually, often at the time

the resourcemetadata are created.

To overcometheseshortcomings,we proposea new classi cation scheme(Lim
et al., 2002)that is more suitable for digital library systemsdesignedfor dis-
tributed Web resourcessud as G-Portal. The core of the proposedsdiemeis
the classi cation schemawhich consistsof the classi cationrulesthat produce
the categoriesand a taxonomy de nition that determineshow the categories
are organized.

Eadh classi cation schema can be expressedin two forms, in a special lan-
guageor its correspnding XML represemation. The syntax of the languageis
similar to SQL and is more appropriate for humansto write; while the XML
represemation is appropriate for madine interpretation and interchange. A
sthema compiler has beenimplemerted to corvert the schemafrom the lan-
guageversionto its XML courterpart. In the following discussionwe will use
the languageto illustrate the featuresof the classi cation schema.
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/I classification schema declaration
define schema <classification schemaname>on <resource schema>

/I classification rule declaration

(define rule <rule name>
classify by <resource element>
[grouping ( ({(<list of values>|<integer range>)}|other) under <category name>)*|
[where <selection condition>])+

/I taxonomy definition

[define  taxonomy
(grouping “{<list of category names>} under <category name>)+]

Fig. 12. Classi cation Schema De nition

define schema Schemalon ExamQuestion.xsd;
define rule ByYear

classify by /Resource/Content/Paper/Year;
define rule ByTopicPhysical

classify by /Resource/Content/Subject/Topic

grouping {Vegetation types’, ‘Humanmodification of natural vegetation}
under “Natural vegetation’,
{'Coastal processes and resulting landforms', ‘Coasts and humanactivities'’}

under "Coasts',
{'Development of a river system', ‘River processes and resulting landforms',

‘Rivers and humanactivities'} under ‘Rivers',
others under OtherTopics
where /Resource/Content/Subject/Part = "Physical Geography';

Fig. 13. A Classi cation Sthemafor Exam Question

Currently, we allow only one metadata resourceschemato be usedin a clas-
si cation sthema, but more than one classi cation schemacan be createdfor

the samemetadataresourceschema.By having di®eren classi cation schemas
for the sameresourcesdhema, di®erert taxonomiescan be constructedfor the

sameset of metadata resources.This achieves °exibilit y that is not found in

existing DLs whereresourcesare usually assaiated with a single taxonomy.

A classi cation schemaconsistsof a schemadeclaration, one or more classi -
cation rule de nition, and an optional taxonomyde nition sectionsas shavn
in Figure 12.

6.1 Classi cation Rule

Consider the classi cation schema example shovn in Figure 13. The de ne
schemastatemen descrikesthe sdhemaby providing the schemaname (i.e.,
Sdemal)and the resourceschema(i.e., ExamQuestion.xsd).Two classi ca-
tion rulesare de ned, namely ByYea and ByTopicPhysicalEac rule speci es:
(1) the elemen usedfor classi cation; (2) the category names;and (3) the
range of valuesto be applied on the elemen for ead category

In the ByYea rule, question resourcesare classi ed by their Yea elemerts
using the classifyby clause.The elemens or attributes usedfor classi cation
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define schema Schema2on ExamQuestion.xsd;
define rule ByNumber
classify by /ExamQuestion/Content/Paper/Number

grouping {1 ... 2} under ‘Sectionl’,
{3 ... 5} under “Section2',
{6 ... 10} under "Section3';

Fig. 14. Another Classi cation Schemafor Exam Question

define schema Schema3on ExamQuestion.xsd;
define rule ByDifficulty
classify by /ExamQuestion/Content/Description
calling classifierl under “Easy',
classifier2 under Intermediate’,
classifier3 under “Difficult’;

Fig. 15. Classi cation Schemausing Classi ers

are speci ed using XPath syntax . The rule does not explicitly specify the
category names and their value ranges.In this case,one category will be
createdfor eat Year value which is alsousedasthe categoryname. This will
result in 10 categories(for the past 10 years), since we are using a 10-year
collection of questions.

In the ByTopicPhysicatule, questionresourcesare classi ed by their Topicel-
emerts. This rule however de nes four categories,namely Vegetation Coasts
Rivers and OtherTopics’ . Each categoryis assigneda set of elemen valuesus-
ing the grouping clause With this rule, questionresourcesvith topic matching
either “Vegetation types' or "Human modi cation of natural vegetation' will
be assignedto the Natural vegetationcategory The other categoriesare sim-
ilarly de ned. Note that the otherskeyword allows us to specify a catch-all
range of values. This keyword can only be usedto de ne the last categoryin
the grouping clause.The where clausealso ensuresthat only questionsof the
‘rst part of the syllabus(on physical geograply) are classi edby the ByTopic
rule. Sinceno hierarchy is de ned in the sthema, the schemawill produce a
°at set of categoriesde ned above.

As shown in Figure 13, it is possiblefor a metadata resourceto be classi-
“ed into more than one category e.g.2002and Physicalcategories,by using
multiple rules. This can also occur within the sameclassi cation rule when
categoriesare de ned on elemerts that have multiple values,when di®eren
categoriesshare somecommonelemen values, or when value rangesde ned
in the groupingclauseoverlap. An example of de ning value range (without
overlap) is shown in the ByNumter rule which classi esquestionresourcesnto
3 categories(sections)basedon the value of the Number elemer.

6 http://www.w3.org/TR/xpath
’ This example has beensimpli'ed due to spaceconstraints. The actual rule con-
tains 7 categories,including OtherTopics
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define taxonomy
grouping {'Natural vegetation’, ‘Coasts', ‘Riverst under “Physical’,
grouping { Population’, “Settlements’, “Agriculture'} under “Human',
grouping (ByTopicPhysical.others, ByTopicHuman.others} under “OtherThemes';

Fig. 16. A Taxonony De nition for Exam Questions

Schemal

‘ Physical ‘ ‘ Human ‘ ‘ OtherThemes‘

Natural Coasts | | Rivers (Omitted)

vegetation

Fig. 17. A Graphical View of the Taxonomny

Sofar, our discussionon classi cation rules focusesonly on criteria that can
be directly speci ed. In caseswvherethe classi cation criteria require complex
ewaluation, sud as applying text classi cation methods on textual elemerts,

it is necessaryto invoke external classi er programs. To cater to these sit-

uations, our classi cation languageprovides a calling clauseto specify suc

invocations as shown in Figure 15, where classi erl classi er2and classi er3
are executableclassi er programs located within the DL. When evaluating

the rules, the classi cation engineinvokes and feedsthe value of the actual

resource'sDescriptionelemen to ead of the classi ersand obtains a Boolean
result to decideif the metadata resourcebelongsto eat category Note that

more than one classi er may return true for a resource,in which casethe

resourceis classi edinto multiple categories.

6.2 TaxonomyDe nition

The categoriesde ned by the previous classi cation rules only exist in a °at
categoryspaceunlesswe further organizethem into a hierardhy usingthe clas-
si cation language.In a classi cation schema,taxonomy de nition is optional
but is usually desirable.

We usethe Schemal(seeFigure 13) as an example. Supposewe would like
to group the topics resulting from the ByTopicPhysicakule and other rules
in the samesdemainto themes, one possibletaxonomy de nition, as shown
in Figure 16, can be added to the previous classi cation schema. The def-
inition taxonomy is cortained within the de ne taxonomystatemen. A set
of groupingclausesessetially specify the parert-child relationship between
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a parert category and its child categories,by grouping subcategoriesinto
higher-lewel categories.For example, the base categories,Population Settle-
ments Agricultureare grouped under a higher-lewel categoryknown asHuman
Given a classi cation rule, the resourcesnot categorizedby explicit elemer
values are denoted by the otherslabel. To distinguish between otherslabels
of di®eren classi cation rules, we disambiguate them using the rule nameas
their pre xes. In Figure 16, assumingthat we have another classi cation rule
ByTopicHumanin the samesdema, all categoriesthat result from thesetwo
rules and are not mertioned in the previous two groupingswill be grouped
under the OtherThemescategory Note that categorieswithout parerts will
be placedunder the root categorynamedusing the name of the classi cation
sthema.

In this particular example, Physical Humanand OtherThemesare grouped
under the Schemalategory which is the root node of the categoryhierarchy.
A graphical view of part of the taxonomy is shavn in Figure 17. 1t shouldbe
pointed out that if there are \unexpected" categoriesthat are not captured
by all the groupingclauses,they will be placed under the root category by
default. \Unexp ected categories"may be producedif we de ne a rule based
on elemen values,sud asthe ByYea rule in Figure 13.

6.3 Classi cation Engine

Givenaclassi cation schemaexpressedn the classi cationlanguage G-Portal
provides a classi cation schemacompiler to generatethe XML versionof the
classi cation schemathat canbe sharedover the Web and consumedby other
applications.

The classi cation schemain XML will then be read by the classi cation en-

gine which ewaluatesthe classi cation rules on a set of metadata resources,
generatesthe speci ed categories,and constructs a category hierarchy (tax-

onory). Note that the actual classi cation of resourcesand the construction

of categoryhierarchiesis fully automated. The classi cation shouldtake place
prior to using the classi cation-baseduserinterface. The resultant taxonony

and category assignmen information will be storedin a categoryassignmenh

“Te and the resourceswill then be grouped into folders and sub-folderscorre-
sponding to the category tree structure. This information can later be used
by G-Portal's classi cation interfaceto display the classi edresourcesand an-

swer user queries.The categoryassignmeh le will have to be updated when
there are changesto the resourcesattributes or the classi cation schema.
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7 System Arc hitecture

The overall system architecture of G-Portal is shovn in Figure 18. It con-
sists of six major modules ead responsible for di®eren functions. They are
the user management, project management, visualization , resource
management, query engine, and resource classi cation modules.

The user managemeh module maintains a databaseof digital library users
who can cortribute resourcedo G-Portal. Each useris assigneda userpro le
that includeshis/her username passvord, and other information that may be
usedto personalizethe cortent and servicesaccessibleby the user.

The project managemeh module allows a userto de ne one or more projects
eat represeting a logical organization of geospatialand georeferencede-
sources.A project is owned by its creator who can assigndi®eren kinds of
project accesgights to the other users.Theseaccessights de ne the oper-
ations a user can perform within the project. The project owner and users
with the appropriate accesgights can add (or remove) resourcego (or from)
the project, create(or destroy) layers,and assign(or de-assignedyesourceso
(or from) di®eren layers. Note that resourcescan be sharedacrosslayersand
projects but layers are not sharableamong projects. The project and layer
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information are storedin the pro ject and layer database.

The resourcemanagemeh module supports the creation and maintenanceof

resourcesn G-Portal. Every resourcehas an owner. All resourcesare stored

in aresource database. In addition, the accesgrotections of the resources
indicating whether the resourcescan be referencedby usersother than the

ownersare alsomaintained in the resourcedatabase.To allow usto determine
the semartics and structure of resourcesgead resourceis assaiated with a

sthema. Theseschemascan be pre-de ned or created as and when required.

They are stored in the schema database .

The visualization module is designedto provide both a map-basedinterface
and a classi cation-basednterfaceto the projects and resourceshostedby G-
Portal. The former consistsof an interactive map that canbe usedto navigate
and browseresourcesn a project. Nevertheless,sud a visualization approat
is only applicable to resourcesthat carry spatial attributes. Consequetly,
all resources,spatial and non-spatial, will also be visualized in hierarchies
of categoriesdetermined by the resource classi cation module. When a
resourceis selectedfor viewing, its XML cortent or a customizedpresertation
format can be displayed. When the resourcecortains a URL referenceto a
Web page,the visualization module can alsodirectly invoke an external Web
browserto view the page.

The query engineallows usersto specify querieson resourceswithin a project.
As G-Portal adoptsan XML databasesener to store the above information,
the querylanguageis XQuery-basedand is further extendedto support spatial
guery predicatessud asoverlap, intersect, etc.. G-Portal returns query results
formatted in XML and the query results can be viewed usingthe visualization
module.

8 Conclusions and Future Work

In the G-Portal project, a digital library of geospatialand georeferencede-
sourcess deweloped and senesas a unique Web portal capableof preserting
information both spatially in a map-basedinterface and non-spatially in a
hierarchical classi cation interface. G-Portal has been designedto support
geograply educationusecasesWith G-Portal, userscan not only view these
resourcesut alsocortribute geospatialand georeferencedesourcesinder dif-
ferert projects using pre-de ned resourceschemas.By allowing resourcesto
be sharedacrossprojects, G-Portal facilitates sharingof resourcesin addition
to visualization and query formulation, G-Portal also supports °exible classi-
“cation sthemesmaking it easierto adapt to di®eren use casesfor learning
and researt. In this paper, we descrilked the systemarchitecture of G-Portal
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and its modules. The designof its resourcemodel, visualization, classi cation,
and annotation capabilities are also discussedn detail.

8.1 Implementation

The implementation of G-Portal hasalmost completed.G-Portal's client-side
moduleshave beenimplemerted asa Java applet asthis allows usersto access
the portal through Web browsers.G-Portal is developed using Java 1.1 which
is supported by the majority of the Web browserscurrertly in usewithout the
needfor additional software. The implemertation of the map-basedinterface
employs an open source software padage called GeoTools® which provides
a set of Application Programming Interfacesthat encapsulatethe common
functionalities required by geographical-basedystems.The modulesfor ma-
nipulating projects, layers,resourcesand schemasare implemerted in the Java
applet aswell.

The sener is alsoimplemerted in Java to facilitate communication with the
client. The sener senes as a data broker between the client and the two
databasesTamino XML Sener and Informix Database.The former is usedto
store the non-spatial elemens of G-Portal resourceswhile the latter is used
to store the spatial locations of resourcesand other relational information.

As of the writing of this paper, we have imported a simple dataset of general
geographicakesourcesincluding courtry borders,rivers,lakesand cities. The
metadata from DLESE hasbeenharvested.We have also collecteddata from
one of the FGDC clearinghousesener (Federal GeographicData Committee
(FGDC), 2003). The Singapre GCE "O' level geograply exam questionsare
being populated into the G-Portal systemaswell (Chua et al., 2002).

As our focusis on building a digital library portal infrastructure, we did not

dewte too much e®ortsinto gathering large amourt of cortent. Therefore,
the collectionsthat G-Portal currertly hasis not as large as comparedwith

other similar projects, e.g., Alexandria Digital Library (Smith, 1996). How-

ever, we have also investigated in issuesinvolved in harvesting data from

external sources.For example, we have implemerted a harvester basedon

the OAIl harvester from DLESE to collect their resourcesand import them

into G-Portal. We have alsodeweloped a Z39.50wrapper to retrieve resources
from FGDC clearinghouseseners.In addition, G-Portal alsoprovidestools for

resource/annotation cortributions. As the user baseof G-Portal grows, user
cortribution of resourcesand annotations is expectedto be the main source
of the cortent in G-Portal.

8 http://www.geoto ols.org/
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8.2 Future Work

As part of our future researt activities, we will cortinue the implemertation
of G-Portal in the following researt areas:

2

Evaluation of G-Portal: The succes®f G-Portal dependson how well it can
be usedto support the di®eren usecasedor learningand researt: involving
geospatialand georeferencedVeb content. We are now conducting exper-
iments on the use of G-Portal to support use casesof studerts preparing
for the nation-wide geograply examinationin Singapore. A full scaleeval-
uation of the pedagogicalaspect of G-Portal is alsoin plan and this will
involve both the geograply teadher traineesin our institution and studerts
studying geograply in somehigh sdool.

Enhan@mentsof Resoure SchemabDesign: The existing G-Portal resource
schemahasbeendesignedto represeh metadata resourceswith much °ex-
ibility. In the long term, when the resourcesare to be shared acrossap-
plications, we needto improve the resourcesdema further to facilitate
interoperability. In particular, to give well-de ned semartics to the meta-
data resourceelemens, namespaceavill have to be incorporated. We are also
looking the de nition of di®eren userrolesin the creation and maintenance
of metadata resources.

Remoteresource query processing:Much of the geospatialand georeferenced
Webinformation are currertly storedin databasesand canonly be accessed
via simple query interfaces.The heterogeneitiesamongtheseinterfacespose
challengesto G-Portal and work is being doneto provide an uni ed query
interface to these systemswhile keepingthe query evaluation processezx-
ciert. This will allow G-Portal usersto gather knowledgequickly from the
Web.

Integration with e-learning systems:To completelytap the potential of digi-
tal libraries, it is necessaryo integrate digital library systemslike G-Portal
with e-learningsystems.The mergerof e-learningand digital libraries there-
fore needsto be carefully investigated. In particular, we are looking into
how the e-learningmetadata can be integrated with the G-Portal's resource
schemas,and how the e-learningand G-Portal's functions canblendtogether
to enhancethe studerts' learning experience.

Automated/Semi-automatal Metadata Resoure Gathering: At presen, the
resourceshosted by G-Portal include high sdool geograply examination
guestionsand answers, DLESE resources,USA census,courtry, river and
lake resourcesMost of these metadata resourceshave beenimported from
external sourcesthrough specially written script programs. As part of its
resourcemanagemen and annotation modules, G-Portal alsoallows project
administrators and usersto cortribute individual resourcesThesetwo ap-
proadhesare not scalablesincethey require too much human involvemen
in script programming, sourceselection,and resourcede nition. Ideally, we

29



would like to automate the metadata resourcegathering processasmuch as
possibleusing madine learning techniques. This will constitute an impor-
tant part of our future researt work.

APPENDIX

The Base Resource Schema

<?xml version="1.0" encoding="UTF-8"?>
<xsd:schema xmins:xsd="http://www.w3.0rg/2001/XMLSchema" elementFormDefault="qualified">
<xsd:element name="Resource" type="ResourceType"/>
<xsd:complexType name="ResourceType">
<xsd:sequence>
<xsd:element name="ID" type="xsd:string"/>
<xsd:element name="ResourceName'type="ResourceNameType"/>
<xsd:element name="Location" type="LocationType"/>
<xsd:element name="Creator" type="CreatorType"/>
<xsd:element name="Source" type="SourceType"/>
<xsd:element name="Content" type="ContentType"/>
<Ixsd:sequence>
<xsd:attribute name="ShapelD" type="xsd:int"/>
</xsd:complexType>
<xsd:complexType name="ResourceNameType">
<xsd:sequence>
<xsd:element name="Name'type="xsd:string"/>
<xsd:element name="Alias" type="xsd:string" minOccurs="0" maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="LocationType">
<xsd:choice>
<xsd:element name="Geometry" type="GeometryType"/>
</xsd:choice>
<xsd:attribute name="Type" use="required">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Geometry"/>
<xsd:enumeration value="NonSpatial'/>
<Ixsd:restriction>
</xsd:simpleType>
</xsd:attribute>
</xsd:complexType>
<xsd:complexType name="GeometryType">
<xsd:sequence>
<xsd:element name="NumberOfParts">
<xsd:simpleType>
<xsd:restriction base="xsd:integer">
<xsd:mininclusive  value="1"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="Part" type="PartType" maxOccurs="unbounded"/>
<xsd:element name="BoundingBox" type="BoundingBoxType" minOccurs="0"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="PartType">
<xsd:sequence>
<xsd:element name="NumberOfPoints">
<xsd:simpleType>
<xsd:restriction base="xsd:integer">
<xsd:mininclusive  value="0"/>
</xsd:restriction>
</xsd:simpleType>
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</xsd:element>

<xsd:element name="Point" type="PointType" minOccurs="0" maxOccurs="unbounded"/>

</xsd:sequence>
<xsd:attribute name="Type" use="required">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="NullShape"/>
<xsd:enumeration value="Point"/>
<xsd:enumeration value="PolyLine"/>
<xsd:enumeration value="Polygon"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
</xsd:complexType>
<xsd:complexType name="PointType">
<xsd:sequence>
<xsd:element name="X" type="xsd:string" />
<xsd:element name="Y" type="xsd:string" />
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="BoundingBoxType">
<xsd:sequence>
<xsd:element name="ButtomLeft" type="PointType"/>
<xsd:element name="TopRight" type="PointType"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="AssociatedResourceType">
<xsd:sequence>
<xsd:element name="ID" type="xsd:string"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="CreatorType">
<xsd:sequence>
<xsd:element name="Owner"type="ContributorType"/>
<xsd:element name="Contributor" type="ContributorType"
minOccurs="0" maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="ContributorType">
<xsd:sequence>
<xsd:element name="Name'type="xsd:string"/>
<xsd:element name="Title" type="xsd:string"/>
<xsd:element name="FirstName" type="xsd:string"/>
<xsd:element name="MiddleName"type="xsd:string"/>
<xsd:element name="LastName"type="xsd:string"/>
<xsd:element name="Organization" type="xsd:string"/>
<xsd:element name="Contact" type="ContactType"/>
<xsd:element name="LastModified" type="xsd:string"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="ContactType">
<xsd:sequence>
<xsd:element name="Address" type="xsd:string"/>
<xsd:element name="Email" type="xsd:string"/>
<xsd:element name="Phone" type="xsd:string"/>
<xsd:element name="Fax" type="xsd:string"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="SourceType">
<xsd:sequence>
<xsd:element name="Link" type="SourceLinkType" minOccurs="0"
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="SourceLinkType">
<xsd:simpleContent>
<xsd:extension base="xsd:anyURI">
<xsd:attribute name="Type" use="required">
<xsd:simpleType>
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<xsd:restriction base="xsd:string">
<xsd:enumeration value="Internal"/>
<xsd:enumeration value="External"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
</xsd:extension>
<Ixsd:simpleContent>
</xsd:complexType>
<xsd:complexType name="ContentType">
</xsd:complexType>
</xsd:schema>
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