N
N

N

HAL

open science

Ontology-based Process for Recommending Health
WebSites
Edelweis Rohrer, Regina Motz, Alicia Diaz

» To cite this version:

Edelweis Rohrer, Regina Motz, Alicia Diaz. Ontology-based Process for Recommending Health Web-
Sites. 10th IFIP WG 6.11 Conference on e-Business, e-Services, and e-Society (I3E), Nov 2010, Buenos

Aires, Argentina. pp.205-214, 10.1007/978-3-642-16283-1_24 . hal-01055019

HAL Id: hal-01055019
https://inria.hal.science/hal-01055019

Submitted on 11 Aug 2014

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://inria.hal.science/hal-01055019
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

Ontology-based Process
for Recommending Health WebSites

Edelweis Rohrét Regina Motz, Alicia DiaZ

lnstituto de Computacién, Facultad de Ingenieriaehsidad de la Republica, Uruguay
{erohrer, rmotz }@fing.edu.uy
2LIFIA, Facultad de Informatica,Universidad Naciodal La Plata, Argentina
alicia.diaz@lifia.info.unlp.edu.ar

Abstract. Website content quality is particularly relevamtie health domain.
A common user needs to retrieve health informattar is precise, reliable and
relevant to his/her profile. Website recommendatgstems are an aid to get
high quality health-related web sites accordintheuser’'s needs. However, in
practice, it is not always evident how to descrieeommendation criteria for
health website. The goal of this paper is to dbegciby an ontology network,
the criteria used by a health website recommenalgiiocess. This ontology
network conceptualizes the different domains that iavolved in theSalus
Recommendation Project as a set of interrelatedl agies.
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1 Introduction

The use of the web by common people as a repositoiyformation, especially in
the health area, increases drastically day by d&js is a very worrying reality
because many of health web sites do not contam atatording to user’s necessities.
For example, a technical content may not be a gpeadity reference for a person
which is not able to understand technical vocalyul®n the other hand, the alter-
native medicine products that are offered on therhet, the lack of quality controls
(editorial boards) at the stage of production &f web site and the “lack of context”,
lead to information does not necessarily have ttatse to harm [1]. Furthermore, the
fact that the web is a very dynamic medium, oncepeason has obtained
misinformation, then, it is very unlikely to be e¥ged by health professionals. In this
sense, a decentralized, ontology-based recommeydégm can automatically give
an evaluation about the quality of the sources @icg to the consumer’s needs.
Quality in websites is determined by several digefiactors, some of which are
general, and therefore, considered for any typsites and for any domain. Such
features include, for example, navigational aspacter interface aspects, legibility

1 This work was partially funded by: the SALUS/CYTERd PROSUL projects which are
sponsored by the CnPq, Brasil and the CyTED, Spaimalso supported by the PAE 37279-
PICT 02203 which is sponsored by the ANPCyT, Argent
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(size of letter, colors, images), performance aspgine it takes to access to the site
content), the correct functioning of the site,deformity with standards of language
use or of accessibility like those described innmative such as the Web Content
Accessibility Guidelines of the W3CSome quality models that take these features
into consideration are WebQual [2] and WebQEM [3].

On the other hand, in this work we focus on thelitpahat arises of the
information value that the site provides and itecqaehcy for the consumer’s context.
The consumer’s context contains two domains: tiee peofile and the query goal.
The first is described by properties as gender, eggloyment among others. The
second relates to the purpose for which informaisomeeded, it can be, for example,
buy a drug, selecting a doctor or write a schopkpa

Our approach is to consider, in an integrated Wy, specific health domain of
interest (i.e. diagnosis, treatment, etc.), theedisions of quality factors, the user’s
context and the criteria to assure that some irdtion is in accordance to the goal of
"fitness for use" for a consumer [4]. With this aiwe specify a process driven by an
ontology network that leads to give a recommendatibsuitability of web contents
to a particular user who makes a specific querg diitology network describes how
to set up the quality factors and the recommendatigeria considering the specific
domain, properties of websites and consumer goals.

This paper is organized as follows. Section 2 dessrissues about quality
assurance and recommender systems. Section 3 tgréiseSalusontology network.
In section 4 we discuss the process for web stesmmendation based on t8alus
ontology network. Finally, we discuss conclusiond &uture perspectives.

2 Background on Recommender Systems and Data Quality

Recommender systems could be defined as systemsptbduce individualized
recommendations as output or has the effect ofigmiidhe user in a personalized way
to interesting or useful objects in a large spat@assible options [9]. Within the
broad range of existent works, we will mention safithe more recent ones.

The approach presented by Porcel et al. in [11}siste of a recommendation
model based on vectors that represent the ressuope and users interests, and then
to match them. There were distinguished four défférclasses of recommendation
techniques: (1rontent-based systemsased on the terms used about resources (2)
collaborative systemthat consider the user preferences, @mographic systems
that represent the different user profiles andkf)wledge-based systenimsed on
inferences about resources that satisfy the u3émsse authors proposed a hybrid
approach that combines content-based and collaberzichniques. In [10], Oufaida
and Nouali present a multi view recommender systeat includes collaborative,
social and semantic views of the user’'s profilelatesl to a set of resources
semantically annotated. Recently, in [12], it iseg@nted the construction of a
recommender system which is described as an Mergitocess; where at each
iteration a model representing the preferentiatattaristics for the recommendation

2http:/iwww.w3.org/WAI/GL/
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is obtained. The system is an ontology-based recmdation process that produces
recommendations by applying content-based, comstestre and collaborative criteria.

Unlike the mentioned works, our proposal of recomdaion process is strongly
based on the quality assessment of the web contEloisever, there exist some
common aspects with them. Considering the clasgiin of recommendation
techniques given by [11], our proposal also matchesr profiles and resources,
although we rather combine content-based (web nbpr®perties) and demographic
(user profiles) approaches. Furthermore, some &sj@oed by [12], as considering
context issues (i.e. the query situation at the emnthe user makes a query) and the
exploitation of ontological structures that undehe recommendation process, are
also considered in our proposal. In the next seatie present the quality assurance
onto-logy and how it is related in the ontology wettk in order to specify a
recommendation process.

There are, basically, two ways of defining data ligptathe first one uses a
scientific approach and defines data quality dir@rssrigorously, classifying them
as dimensions that are or are not intrinsic tordarination system [4]. The second
one is a pragmatic approach aimed at defining dagdity in an operational fashion
[5]. Wang et al. [4] identified four data qualityntensions: (1) intrinsic data quality;
(2) contextual data quality, which defines the guadf the information within the
context of the task; (3) data quality for data esgntation, which determines if the
system presents the information in a concise, sterd, understandable way; (4) data
quality regarding data access, which defines quatit terms of the role of the
information system in the provision of the data.

Within each dimension it is possible to identifyverl factors, including: for
intrinsic data quality dimensionbelievability, accuracy, objectivity and foontext
dimension value-added, relevancy, timeliness, completenassong others. The
domain expert is the one who decides which of tiies®rs are relevant for a specific
domain and she/he is who defines the appropriateicado measure these factors.
Regarding Believability, two definitions are inthaced in [6]:Believability,which is
the extent to which data is regarded as true amdlidieand Reputationwhich isthe
extent to which data is highly regarded in termst®fsource or conteniAbout this
factor in health domain, it is important to takéoiccount the existence of sites with
certified quality labels, such as HON (http://wwarhch/), WIS
(http://www.portalesmedicos.com/) and WMA (httpita.comb.e$/ For the
readability factor, in [7], it is introduced diffemt readability metrics that were created
for different domains and user profiles. It sets thllowing definition:Readability is
what makes some texts easier to read than athiere are a lot of readability
formulas created for different authors, like FO#Bd SMOG grade levels. Here also,
the decision on which formula to use, FoG or SM@tst be taken by a domain
expert. The first step is to specify a formal maithalt represents the factors involved
in the acquisition of the quality of web data adlae the different metrics that can be
applied. The main intention of measuring the datality is to provide a quantitative
meaning of quality dimensions. Metrics are theseantjtative or categorical
representations of one or more attributes [15].

SFOG grade level = 0.4 (average sentence lengtird-viaards)
4SMOG grade level = 3 + ?polysyllable count
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Our approach to face this challenge is the desiganntological model inspired
in our previous work [8] on web data warehouse ityaby modelling a generic
ontology for quality factors, independent from specific domain and the different
types of web data sources. It is easily tailoredifferent user domains and different
types of web data through its connection in theppsed ontology-network. In the
next section we present the quality ontology indbitext of an ontology network.

3 Salus Ontology Network

The Salusontology network helps to obtain a reading recomaa¢ion of health-
related web contents for a particular user. Spealfi, it conceptualizes the different
knowledge domains that are involved in a recomminaystem in a shape of an
ontology network. An ontology network is a colleetiof ontologies related together
through a variety of different relationships such raapping, modularization, and
versioning, among others [13]. Accordingly, a natkeal ontology is an ontology
included in such a network, sharing relationshigth wther ontologies. Intuitively,
this implies to define the ontologies' content, &iso to define metadata information
about the networked ontologies. Ontology metadefiers to the information which is
attached to the ontology itself, not to its contdtis ontology metadata would cover
ontology provenance, purpose and the relations witier ontologies and semantic
resources. They are critical because they desaritmntology network as a whole.

Salusontology network conceptualizes the following damsaspecific health, web
site, quality assurance, user context and recomatiemd Each domain is represented
by one or more interrelated ontologies.

- Health domain ontologies conceptualize the health domain. Thee cor
ontology may be an already existing ontology likéLE> which models for
example the impact, treatment, risk factors, diatinp effects, and phases of a
disease. This ontology can be refined in terms specific disease i.e Alzheimer,
and thus can be modelled the concept "Alzheimestiment”. Salus ontology
network is specific to the health field, but it tebie adapted to other domains just
by changing the health ontology by other domairolmuy.

— Web Site domain ontologiesonceptualize the domain of webpages and
particularly describe the web resources that wélldonsidered to participate in a
quality assessment. The main concepts of this ogyohreweb resourceandweb
resource propertyA web resourcés any resource which is identified by a URL,; for
instance, it can be instantiated as a webpage whidch attached conteriiVeb
resourcepropertymodels the properties that can be attachedwelaresourceFor
instance, possible propertiesveéb resourcesould be the “author”, the “amount of
words”, etc. Among these properties there is aiqdar one, the “hasTopic”
property that relates concepts (web resources) fteerWeb Siteontology with
concepts in th&pecific Healttontology. The “hasTopic” property describes what a
web resourcés talking about. These kind of properties shdwddretrieved through
a specific information retrieval mechanism, asilt be detailed below.

Shttp://www.nlm.nih.gov/research/umls/
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— Quality Assurance domain ontologiesnceptualize metrics, quality assurance
specifications and quality assessmeMegtrics are formula defined base aveb
resource propertiesA quality assurance specificationlescribes the different
quality dimensionsfor instance readability, precision, believalgjlitcompleteness,
timeliness, etc. Theguality assurance specificatioassociates to each quality
dimension the suitable metric calculusgiality assessmemtodels the assessment
of a particular web resource (i.e. a web documédat) a particular quality
dimension through a specific metric. It also modkésobtained quality level.

— Context domain ontologiedescribe user profiles and query resources. Tke us
profile conceptualizes user properties such as agerange, role, academic level,
health domain expertise. among others. The quesyuree represents the context
of the query. The main concept of the query resoigthe query goal.

— Recommendation domain ontologiedescribe the different criteria of
recommendation for a particular contdxiser and query situation) and quality
dimensions and the obtained recommendation level.

Salusnetworked ontologies are interrelated (see inughyger of figure 1) by three
different relationshipsuses extendsanddescribegelationships:

— The uses relationship relates two ontologies by the imperimitive. For
example, this relationship occurs between \tfeh Siteontology and theSpecific
Domain ontology because of webpage topican be any concept at the specific
domain ontology. In theSalus ontology network,webpage topicscould be
treatment, diagnostic, etc. Thus, “Alzheimer Treatih is a topic of “Alzheimer
Webpage”.

— The extendsrelationship describes a more specific ontologyictvhis the
specialization of a more general one. The cleareaample is theAlzheimer
ontology, which is a specialization of tli¢ealth ontology. For example, at the
Health ontology conceptualizes: diagnostic, treatmewsk factors, etc; then these
concepts are specialized in thizheimerontology.

— The describesrelationship defines the relations between a magled its
metamodel. For instance, théeb Siteontology is an instantiation of the Web Site
Specification ontology. The later is a meta-ontgldgr the former. Webpages are
typical concepts at thé/eb Siteontology and are modelled by thebpageclass.
This class is an instance ¥feb Resourcelass which is defined at th&keb Site
Specification ontology. Another example is the property “has but that is
defined at th@Veb Siteontology as an instance of tkideb Resource Propertfass,
which is also defined at th&eb Site Specificatiaontology.

On the bottom part of the Figure 1 is shown an etarof the resulting knowledge
base where the content of the “Alzheimer webpagas assessed to be recommended
to the user “Paul’. The content associated to thdzHeimer webpage” has
"Alzheimer Treatment" and "Alzheimer Diagnostic" tpics. In this example the
recommendation assessment took into account thigeVBdility” quality dimension,
assessed by “provenance” metric, which uses the “athor” property of the
webpage. The recommendation assessment also centlidefact the user Paul is a
teenager and the goal of his query is "looksFodtet, in the section 4 more detail
about the networked ontologies will be given.
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Fig. 1. An example of th&alusontology network

4 Salus Recommendation Process

The Salus recommendation process covers the different taghieh have to be
performed in order to recommend a set of web $des particular user. These tasks
are organized in three different phases, nameéy,sthrt up of the recommendation
system, the quality assessment of a set web pages tlee execution of
recommendation assessments. This process is drdzadt as an ontology-based
process. Specifically, it is based-on Salusontology network described in previous
section. During the execution of tlgalusprocess, th&alusnetworked ontologies
plays different roles: in some cases it helps szalering knowledge domain units in
the web pages (i.e. based on the specific healtblagy), while in other cases, it
helps to supporting quality or recommendation assests. In the last cases, the
Salusontology network can be used to both: assisténntfodelling and specification
of a recommendation system and check the correctoéshe resulting system
specification. Particularly, this section will go deep explaining th8alusontology
network during the recommendation start-up phagéaestion.

4.1 Recommendation Start-Up Phase

Therecommendation system start-up phaseé charge of preparing the information
needed in order to recommend web pages. This ptassists of the tasks: web
resource definition, quality criteria definitioreaommendation criteria definition and
context resource definition, schematized in Figtirélext, we will detailed them and
show where, when and how tBalusontology network is used.
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Web Resource definitiorit refers to the population of the Web site ongglo
according to a given set of webpages and theirxatiten based on the specific
domain ontology. Th&Veb siteontology is populated witltvebpagesnstances (one
for each given webpages) and with properties thatravolved in the newly defined
instances; for example the “url” property is specifbetween a webpage and a URL.
Then, these webpages are indexed according t@pleeific Domainontology; in
Salus it corresponds to thlzheimerontology. In this task the “hasTopic” property is
specified between “Alzheimer webpage” and Alzheiroencepts, as it is shown in
the figure 1. Then, in next task more propertidslvé discovered.

Quality criteria defnition It refers to the definition of quality dimensionand
metrics that will be supported by the recommengstesn. First of all, it have to be
specified the repertoire of factors involved in thelity dimensions. Based on it, the
definition consists on specifying which metdssets each quality factor and which
are the possible obtained quality levels. Metries gpecified based omeb resource
properties(concepts of the Web site ontology). For exampleen the “provenance”
factor is instantiated, the “basedOn” property Wil also instantiated in order to link
the “provenance” factor with the “has Author” profye The “has Author” property
has to be now specified as an instanceweb resource propertgnd it may be
specified the metric used to capture this valueenThthe Quality Specification
ontology has to be populated. Quality dimensioncepits have to be instantiated.
These quality dimensions are those supported byrédhemmender system. Each
quality dimension concept at least has once defihedssesedByroperty to link a
quality factor to the metrics that enable its assent. Quality dimension concepts
also have defined thassesToproperty to link a quality dimension to its podsib
quality levels. For instance, the dimension “Bedibility” has defined theassesedBy
property which takes values in the “provenance’tda@nd theassesTroperty to
the set of strings: "high", "medium" and "low"

Recommendation criteria definitioft refers to the definition of recommendation
criteria. Based on the quality criteria definiti@recommendation definitioimdicates
which quality dimensions will be assessed and whiohtext resourcewill be
considered for a recommendatid@ontext resourceare mainlyuser propertiesand
query resourcesThe output of this task is a set micommendation rulesvhich
specify therecommendation levébr each assessed web page. These rules are like:

i f recommendation definition(thiswebPage)
t hen thisWebPage s recommendationLevel(thisWebPage)

where thisWebPageis the currently processed webpage and rdf@mmmendation
definition(thiswebPageis described in terms of quality assurances amtezd The
recommendation level for a webpage is one of theeswalues of the scales of
recommendation levels of the recommender systent @rample, “highly
recommended”, “strongly recommended”). Regardifigg éxample we have been
followed along the paper, the rule below might béreed as follow:

i f BelievabilityQA(AlzheimerWebpagaeysesTo "high" and Paul bel ongsTo
12-20 age rangand query goali s looksFor
t hen AlzheimerWebpagdes highly recommended
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Context resource definitiont is in charge of defining thosmntext resourcethat
have to be taken into account to make a recommiendathesecontext resources
will be identified in the recommendation criteriefishition. Mainly, they are: theser
propertiesand thequery resourcesThe user propertiesare those that were already
relieved at the recommendation criteria definittask and will be populated at the
moment of registering a user at the recommendetesysFor instance, if at the
recommendation criteria definition was specified tiser propertpelongs when she
is registered to the system, this property is mstted betweerPaul and 12-20
range The query resources refersqeery attributedike query goal

Ontology Loz propertes dun bon|

Coatast Ciantact ity Cri
Ontolagy Dafinition Defiriticn

3 o ity deman sioe
[sar propartios! metnce

Quality Assumnce
DOnd

Recommandaton Criteria
Definitcn

Recommendation

irecememen datios definiiens,
RO MBs AOn (ks

Fig. 2. Salus recommender start-up

4.2  Web Page Quality Assessment Phase

After the recommendation start-up phase, the qual#isessment of a set of web
resources can be done. First of all, the web ressumwill be pre-processed to
determine their properties and populate the wedé aiitology. The metrics over
factors involved in a quality definition, determitiee values of the web resource to be
considered in the criteria of recommendation fais thimension of quality. For
example, in the definition of the dimension “Bebdity” is used the “provenance”
factor which refers to the author of the webpage the “Alzheimer webpage” should
have associated the “hasAuthor” property. Therefibrleave to be determined which
information retrieval process have to be perforimeorder to discover these new web
resource properties. The retrieved information bdllused to complete the population
of the Web site ontology. Thus, timasAuthorproperty can be defined between the
“Alzheimer webpage” and “Mr. Smith”. In this phaseset of specific domain web
resources (webpages) will be assessed in ordeeteyrdine their quality level. The
quality assessment execution involves calculatimg dquality level of each web
resource for each quality dimension. For that, dcbeesponding metric is executed
and thus, it is determined the quality level of@bwesource. In this phase, the quality
assurance ontology is populated, mainly, by addingtances of the quality
assessment and linking them with the web resounckthe quality level. At this
moment, the concept “BelievabilityQJAis instantiated as an individual of tQeiality
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Assessmertdlass and thebtainsproperty is defined between “BelievabilityQAand
the "high' quality level.

4.3 Recommendation Assessment Phase

A user query is the trigger of thiscommendation assessment ph&¥ben a logged
on user makes a query, the recommendation systafags theecommendation
rulesin order to determine the recommendation levdltddse web resources, which
assets to an appropriated level for the considesed will be recommended.

The evaluation of the recommendation rules is basetthe user profile, the quality
level of the considered web resources and the gesigurces. Both, the user profile
and the web resource quality level, have been [zknl in the previous two phases.
Query resources have to be discovered at this moffiee output of this phase is a
set of recommended web resources to a particuler gsery. The figure 4
summarizes the recommendation assessment phase.

II Web Site Ontology
eb Resources (web resaurce

1 ‘properties population)
‘Specific Health o
Ontology i
~ _d Quality Assurance
T v Web Resources Onology \ Corext | Quality Assurance
Properties Discovering 4 (Quatydmenson. | 2 Recommendation | 1 Onfology
Web Ste Oriology ) e | Assessment | (@ualty dimension,
ke ) l : - cuery goal) | s
EE " 1
Qualty Assessment | [y Quality Assessment
. Ontology — II
) = ‘ >
Fig. 3. Salus Quality Assessment Fig. 4.Salus Recommendation Assessment

5 Conclusions and future work

In this paper we have introduced a novel approduciwuses an ontology network to
assist the modelling and execution of a websitomeoendation system. It is a
quality-based approach to get the more adequatsit@slior a consumer and context.

We have describe®alus ontology network that models the different domains
related to a recommendation system. Moreover, wawetl how this ontology
network can be tailored, to specific health domansl user points of views. The
main aim of this design was to obtain a flexibledslathat was not dependent on any
particular mechanism of websites content evaluasaoh as a specific quality metric
or health domain. Whenever it is required to asaedifferent quality dimension or to
consider another health domain, new extensions @b veite, quality and
recommendation ontologies might be added, keepinidp& core model intact.

In addition, a valuable feature of driving the necpendation process by
ontologies is the property of checking the consisfe among concepts and
relationships that allows one to detect inconsigtenat the design phase. Based on
the intrinsic properties of ontologies, the modeldvides a high level abstraction that
allows specifying in simple way relations betweémehsion and metrics for defining
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quality assurance. Besides, it worth to mentiont thaving an ontology-based
recommendation system implemented using OWL languagd SWRL rules, is
helpful to validate the resulting configurationtbé recommender system. These tools
offers the possibility of defining restrictions ahidrn-like rules that have to be hold
in order to achieve consistent specifications ofaligqyy or recommendation
assessments, detecting anomalous specifications.

Starting from the presented design, good practce@ntology Engineering lead to
evaluate the model in an interaction between ogiokngineers and domain experts.
From this evaluation, it is expected to obtain edfgack to reach a final refinement of
the structures which compose the ontology network.
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