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Towards an Understandingf the Semantic Web Opportunities, Usages,

Affordances and Challenges in Health Research

by
Mona Mohammed Almofarreh

The semantic web (SW) offers tools for supporting data integratehsharingacrossdisparate
resourcesn the web. Meanwhile, health research needs an efficient approach for handling
heterogenous data integration for the massive amountaadilablehealth-related datato help
discoveingnew scientific breakthroughsn lthis thesis, the current and potential relationships
between the semantic web and health research amedto be undersbod and identified
through systematically reviewing the literature aagamining theSW feature$n aproof-of-

concept healthrelateddemonstrator

Firstly, a systematic literature review of 447 articles addressing health questions and using the SW
standards was conductad map the literature anddentify anygapsor opportunities. The results

of the review were analysed in a mixed apachof quantitative and qualitative methods

producing two taxonomiest) the health aimsaand2) the SW features taxonomies. The review
revealed the most and least addressed health questamg/ell agshe used SW features in the

literature.

Secondlya semantic welbased demonstrator was developénl representthe NHS dispensed
prescriptiongopic and examine some of the identified S¥atures.The prescriptions
demonstrator consists of three interlinked OWL ontologies: the BNF, NHS and prescriptions
ontologies along with their converted RDF instances. Moreover, two health questions, inspired
from the traditional health literature and suggested by health experts in a focus gvoene,

translated into SPARQL queries and ran across the ontologies to test more of the SW features.

It has been learned that the SW has a potential in suppotigajth research ad accelarting
research findings in the areas of: data representaion, data integratiorkaowledgediscovery.
However there are somehallengesieed resolving for a better result such dsta accessibility,

security,quality, heterogeneity anthck ofuserfriendly tools
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Chapter 1

Chapterl LY UNRBRdAzOUOA2Y

I St GK NBaSINOK Aa SaaSydaAlt T2N 20SNO2YAy3
and responding to the rise of diseases worldw{#éorld Health Organization (WHO), naté).

Health research refers tie scientific studies that is interested in improving knowledge about
human health by addressing and answering questions in order to find better ways for treating

people(Cancer Council Australia, 2018)

Health regarch needs to address questions involving the integration of heterogeneous data
sources as well as analysing data, in order to discover new knowlédgeunget al., 2009)

InterdisOA LX Ay I NB | LILINR I OKS&a (2 FFOAtAGIGS WNBY2I
gaining more attention, especially in life science studies, in attempts to find new scientific
breakthroughgSagotsket al., 2008) The need for data integration in health research is

becoming increasingly significant in attempts to expose hidden pattirthe huge available

amounts of health data. The integrating and sharing of health data, together with discovering new
knowledge and breakthroughs, will lead to improving both healthcare practice and products

(Zenuniet al,, 2015)

In addition, there is a tremendous amount of heattHated data produced every day from

various health applications and devig&€averi and Ertaylan, 201 Hor example, electronic health
records (EHRS) in health institutionsNB ¥ NB1lj dzSy G f @ dzLJRF SR A GK R
are then stored in private data warehouses. Other sources of health data are governmental and
organisational reports and registries that can be either private, with limited access, or even open
for the public to use. Data generated from medical/health devices and sensors like Fitbit has also

captured the attention of the academic communiately.

The semantic web (SW) offers tools and standards for data integration and sharing to inform
heterogereous resources on the wedlMachadoet al,, 2013) The SW is based on the idea of
structuring and linking data concepts on the web in a mactiirendly format to permit the usage
of enormous amounts of linked data in computer proces¢BernersLee, Hendler and Lassila,
2001) There isa need for a set of practices and standards to handle structuring,gtiidj and
linking datato apply theSW vision on the web of documents tod#s a solution, Tim Bernekge
back in 2006BernersLee, 2006proposed the concept of linked data (LD). LD offers exchanging
data on a biggcale in arinteroperable reusable manner; a process which could be the answer to
resolving the heterogeneous data integration challenges. The interlinked data in the huge LD
world is represented in the form of ontologies. Each ontology is designed to serve a certai

purpose or topic, and is supported by several SW technologies for data representing, integrating

1
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and discovering. This situation is an opportunity for health researchers to benefit from what the

SW can offer to support knowledge discovery and data itatign.

This thesis aims to understand the current and potential relationships between the SW and health
researchBy studying the existing health projeemployingSWtechnologiesdn the literature, the

types of addressed health questiooan be identifed. Studying the different types of addressed
health questiondeads to a better understanding of the potential opportunities and existing gaps

in the literature. In order to understand how the SWeiaployedin health researchthe main

used features oftte SW evident in the health research literature are identify studying and
analysing the literaturea better understanding of théaced challenges in applying ti&V in

healthresearch as well as tlgainedaffordancescan be achieved.

In addition tounderstanding and analysing the current SW and health research relationships from

the published literature perspective farther analysis from a practical point of view helps in

expanding the understandingf i KS { 2 Q& T dzli dzZNB A yof-¢orkcept niodel fdE & S NOK & |
demonstrating the use of the SW standards in representing a heealldted topic is implemented

to demonstrate the SW features in addressing headtlated questions. This implementation

helps in analysing the affordances, as well &dhallenges in the process, from a practical

perspective.

1.1  Research Questions

Toachievethe researc® d@im of understanding the relationships between the SW and health

research currently and potentiall{hree main research questions aegldressed in tis work.

What are the main health questions being addressdtkeaith research
employingsemantic weliechnologie®

The first research question focuses on understanding the current health topics and questions
being discussed and addressed in the literatlreuill be answered by systematically reviewing

the health literature using the SW and identifying the main topieg questions being discussed
and attracting attention. By identifying the main health questions addressed in the SW accessed
literature, a better understanding of the opportunities for, and existing gaps in the application of

this technology can be achied.

How are the semantic web featurbsing usedn health research?
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The second research question is concerned with the usage of the SW featthreditarature of
health researchltwill be answered by systematically reviewing and identifying thenrSaV
features usedn the literature.By looking at the usage rates of each identified featomss

different health aimsa better understanding of the research trends and gaps can be reached.

What are theaffordances and challengesemployingthe senantic web for
health research?

The third research question discusses the identified affordanndgacedchallengeof
employingSWtechnologiesn health researchThis question will be answered from a literature
andpractical perspectivesThe healthiterature using the SW approach will beviewed and
analyedfor any mentionedaffordancesor challengesMore affordances and challenges will be
identified from a practical point of viewA demonstrator based on the SW technologies
representing a health topiwill be developed along witreal health use casde be addressed
usingthe demonstrator This experiment will help innderstandng any potential opportunities

for this technology whe employed in health research

1.2 Thesis Structure

This thesis aims to understand tharrent and potential relationships between the SW and health
research.The opportunities, uses, affordances and challenges facing attempts to apply SW
technology to healthresearch are discussed from the literature and practice points of view across

the eight chapters of this thesis

121 Chapter One

The first chapter addresses the research problem in integrating heterogeneous health data and
G§KSY Ay idNPRRdzOS a aiddieSearghiqdeRti®r@.aheaim bfythis FedeXrch is to
understand therelationships between the SW and health research currently and potentially by
studying: a) addressed health questions, b) SW featuré\affordances andl) challenges

facing SW imealth research.

1.2.2 Chapter Two

The second chapter reviews the main concepts of the SW and LD to undesdiatiter the SW
vision was fulfilled in the literature or noflso, the traditional approach of linking health data is

reviewed in opposed to the SW aggach. The traditional linking process was mainly performed
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on a personal level by independent data centres, while the semantic linking was performed at

different levels, mostly linking with open biomedical and clinical ontologies.

1.2.3 Chapter Three

The thirdchapter discusses the methodology adopted in this thesis. The methodology consists of
three main parts: 1) a systematic review for the addressed health questions and used SW features
in the literature, 2) a proebf-concept demonstrator for the SW featurespresenting a chosen

health topic (NHS prescriptions) and 3) two health use cases applied to the demonstrator; one
case comes from the traditional health literature and the other is suggested by health experts in a

focus group.

124 Chapter Four

The fourth tiapter systematically reviews the interdisciplinary literature relating to the use of SW
for carrying out health research. In the systematic review, the literature is mappeddiopalth

and technicaperspectives. The first research question is answanetis chapter by identifying

the main health questions that have been addressed in the literature. Four main health aims were
found: i) medical, ii) public health, iii) health management and iv) pharmaceutical. Represented as
a health aims taxonomy, 1pscific types of addressed health questions are categorised under

the four main aims cited immediately above.

The second contribution in this chapter is the SW featta@enomy The taxonomy includes five
main semantic web features: i) data representatidi) knowledge discovery, iii) data integration,
iv) data sharing and v) updating knowledge, as well as 12esibres. From analysing the usage
of the identified SW features across the health aims, lwdtbpportunities and gaps in the

literature were identified.

Finally, theaffordances and challenges mentioned in the literatwere analysed. The
affordances were mainly around three aregsepreseningknowledge, ii) integrang data and
iii) discoveing knowledge Challengesegardng dataaccessibility, security, quality and

heterogeneitywere also identified.

1.25 Chapter Five

The fifth chapter describes the preof-concept SW demonstrator modelling of a particular
health management topiche dispensed NHS prescriptions in Engldhd topic was chosen

because it has not been discussed before, according to the results of the reviewed topics
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presented in chapter four. Moreover, the prescriptions topic is a good candidate for
demonstrating data integration between two different domaihgalth management and

pharmaceutical domains.

The purpose of building the demonstrator was to test the identified SW features in practice, so as
to analyse any affordances or challenges that may face any users of this techiholdggpter

five, the arclitecture of the demonstrator including: a) the datasets used, b) the mapping process
and c) testing queries are illustrated. Three interlinkedologies were produced: NHS

ontology, ii) BNF ontology and iii) prescriptions ontolaggng with the convded RDF instances

related to them.

The prescriptions demonstrator showed an ability to represent the prescriptions topic that links
the pharmaceutical and health management domains. SPARQL queries succeeded in retrieving
and exploring the linked data the demonstrator. Few technical issues were noticed in the
process of implementing the SW demonstrator, such as handling big data for graph displaying or

converting to RDF.

1.2.6 Chapter Six

The sixth chapter describes two heaftated cases applied to the ggcriptions demonstrator
AYGNRRdAzZOSR Ay GKS LINB@A2dza OKI LIWISNY ¢KS |AY
the SW to address real health case scenarios and to analyse the process for any challenges or
affordances. The firstcase isbdt OG SR FNRY GKS KSFfGK f AGSNIF d:
AySlidzk t AGASE FT2NI RAIFIoSGAO YSRAOAYSa Ay 9y3atl
YR RA&aOdzaaSa WiKS SFFSOG 2F tAQGAYy3 Ay. I 021
Both cases were translated to SPARQL queries and successfully achieved results from the
demonstrator. However, issues in data availability and quality were faced that hindered the
process of analysing feasible results, especially in the second usé&oase of the noticed

affordances in this experiment were the abilityagplore, link and retrieve big amounts of data

per query. Another interesting SW affordance whae ability toinvoke a remote data source

(Wikidata) successfully and easily.

1.2.7 Chapter Seen

The seventithapterdiscusssthe findings from the previous chapteirs order to analyse the
affordances and challenges for applying the SW approach in health res€éhmh.were 14
identified affordances of the SWbm both literatureand practice perspectivefRegarding the

challenges, there were seven found challenges in literature and practice.
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1.2.8 Chapter Eight

Chapter eight concludes the thesis by listing the mairtrdauttions of this work along with the
recommended future work in this field@his thesis concluded that the SW has the ability to
support and accelerate health research findings by: a) representing different domains of
knowledge, b) integrating heterogenas datac) discovering knowledge lexploring linked data
and reasoningver rules However, the process faces some challenges regartinigta
accessibility, 2) data security, 3) data quality, 4) data heterogeneity, 5) data availability, 6)

ontologies complexities and Bck of SW tools.
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Chapter2 . I O1 3 NP dzy R

Ly GKS LINBOA2dza OKI LI Sebdtoiurd&staind<itt Eukréntaad pbténttal ¢ | a
relationships between the SW and health research. glégpter elaborats on the main

theoretical concepts about the SW in the literature, before attempting to answer the research
dzSatrazya 2F (KA&a (KS&aAad LY FRRAGAZY G2 NBO

research are introduced, with a focus on the wédinked data (LD) traditionally and semantically.

2.1 TheSemartic Web Vision

¢KS GSNY WasSYryidArAO ¢6S0Q o6[{SDH My aK FA NENL MEISR
in 2001(BernersLee, Hendler and Lassila, 200h)this article, Bernerkee introduced the idea of
structuring data published on the web to allow machines applying intelligent processing to that
data. Concepts and terms within a document need first to be defined in a language that is able to
be undestood by a machine, in order to allow for more complex processing involving artificial
intelligence (Al) methods to take place. Bernkee and his colleagues had a vision of the SW as a
global data repository thats combinedvith the semanticof intercannected data concepts,

where some interesting inferences and reasoning processebeappliedon a big scale

(Shadbolt, Hall and Bernetge, 2006)

One of the things that is promised from the SW is the ability to reach informatiory dgsil

following a series of links to more data concefBsrnersLee, 2006)The SW, alscalled the web

of data, is based on the idea of largeale structured data linking. A standard format is used to
structure the data in the form of triples. Triplase modelledas a simple sentence that consists of
three related concepts: subject, predteaand object. Triples in the Salve formedby using the
resource description framework (RDF) stand@dndon and Schreiber, 201at)d RDF schema
(RDFSBrickley and Guha, 2014))o identify these data concepts globally, they are assigned a
unique identifier called the Uniform Resource ldentifier (URI) to represent each resource
(Shadbolt, Hall and Bernekge, 2006)The collection of these data concepts, represented by URIs
and connected as triples, is called ontoldBgrnersLee, Hendler and Lassila, 200Ihe term
ontology has been defined Kruber, 1995) & &ty SELX AOA G &aLISOATFAO!I i
which enables both the representation and exchanging of knowledge in some domain. Thus,
another promised benefit of the SW is to facilitate data interoperability e exchanging of

knowledge between systems via the use of standards and ontologies.
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Besides defining data concepts in an ontology and classifying them in a taxonomical matter,
2yG2t23AS8Sa faz2z RSTAYS | d4a20Al (iNo@sSandNdStanted, A 2 y & KA LJa
or even mappings to other related concepts in different ontolog&sabarNejad et al., 2016)

One of the recommended SW standards in develgmintologies is the web ontology language

(OWL) that also supports inference and consistency che¢klo@uinness and Harmelen, 2004)

Ontologies also support the use of inference ruleagseasoning based on logic. The semantic
web rule language (SWRL) is based on OWL and allows the definitigeoftifpes of rules to

infer new knowledge about OWL individu@8orld Wide Web Consortium (W3C), 2004)
Automated reasoning in the SWinheritedfrom knowledge representation systems in artificial
intelligence (Al). Knowledge representation systems in Al were subject to centralised codtrol an
difficult to manage with the increase in the amount of information they were handling. However,

the SW has potential in representing data globatya big scale, at the price of allowing some

false answers or false inferring. The SW vision in automdtiBg- a 2y Ay 3 FT2NJ Ay St ft A3Syi

68 FotS (2 FyassSNI O2YLX AOF (iSR |j diBetribrsleey & Ay B2 OAy 3

Hendler and Lassila, 2001)

Another improvement that the SW promised to offer is in searching for knowledge processes. The

search process nowadays mostly depends on keyword searching, which can result in unexpected
answers sometimes. This outcome is because searching engines taeatiched words as a

solid block, without realising whatre the semantics underneath these series of characters

(Antoniou and Harmelen, 2008) C2 NJ SEIl YLX S AF | dzaSNJ e LISR (KS
engine, the results could be about the colour orange or the fruit. However, if the search

supported data semantics, the meaning noun or adjective of the WbgdNJ y 3SQ OFy 6 S

determined, and therefore the search results will be more accurate.

2.2 Linked Data

The practice of linking datasets using SW standards is called linked data (LD). Linked data has been

g 21

RSTAYSR d aiGKS asSi 27 O@yy ouNydi &0 NJzOT 2MNBIRdzARE Aid K 2

(Bizer, Heath and Bernetse, 2009)The LD term wafirst introducedin Berners] S S Q&
preliminaN®E NB LJ2 NI (Beinédrs{ele, 2006)\Wwheré thedefined four rules for publishing

d-dF 2y GKS 6S0® ¢KS&S T2dz2NJ NMz Sa KI @S 0S02YS (y2dy

1. Use URIs as names for things.
2. Use HTTP URIs so that people can look up those names.

3. When someone looks up a URI, provide useful information, using the stanB&yeis PARQL).

8
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4. Include links to other URIs, so that they can discover more things.

These principles explain the ideas of linking data in the SW by: i) using a standard global naming
system, ii) defining mappings between existing resources, iii) alladgtaggsharing and accessing
andiv)finallyredza Ay 3 20 KSNEQ NBaz2dz2NOSa G2 akKl NBeeldKS

sought to follow his vision in enabling machines to explore the web of data.

Ontologies are used to allow machines to: a)qass data within documents, b) share data

between systems and c) integrate heterogeneous data@éetfin, 2004) One of the main

benefits of LD is the ability to integrate data between different domainseudntrolled

universal standards and policies. Health research systems are very good examples for the need of
data integration. For instance, translational research requires the integration of private clinical
data with proprietary pharmaceutical dafachado et al., 2013Wwhile health economic

research tends to link the outcomes of: a) damised controlled trials (RCT), b) observational
studiesand c)J ( A Sy (i dafa(HNSRidz! 4l.y2812Yoachieve feasible data sharing

between any two systems, those systems must be interoperable with each other. In a semantic
context, two systems are not interoperable if they use different terms to describe similar

concepts, or use identical terms to meaifferent things(Miller, 2000) One example of this

LINPOf SY O2dzZ R 6S dzaAy3d G4KS GSNXYa WLI GASYG NB

different systems to describe the same concept.

Although developing ontologies is a complex process that involves cooperation between domain
experts and computer scientists, it is an idea gaining increasing attention in several different
fields. The number of interlinked public ontologies available orctbad or linked open data
(LOD)Heath and Bizer, 20119 growing every year. In March 2019, therere 1,239 datasets

with 16,147 links according {the Insight Centre for Data Analytics, 2Q18efigure 1 In 2007,

there were only 12 registered datasets in the clouthtal that jumped to 570 in 2014.
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[T @) ©

Figurel: The Linked Open Data (LOD) diagram in March @asght Centre for Data Analytics,
2019)

10
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2.3 The SWArchitecture

User interface and applications

Proof

Unifying Logic
Ontologies: Rules: &
Querying: OWL RIF/SWRL %
SPARQL - g
Taxonomies:RDFS Q
P
g=]
=p
b

Data interchange:RDF

Syntax: XML

Identifiers: URI Character Set: UNICODE

Figure2: The W3Qechnologystack

The SW architecturis representedn a layered stack of technologies and standards that are

aiming to ultimately be compatible with each other. Bernkee illustrated the semantic web

F NOKAGSOGdzNE Ay | Y2RSt yFYSR I wadawtyaao €1
experienced seval updategAntoniou and Harmelen, 2008igure2 showsone version of the

layer cake model that consists lmfjh andow-levelcomponents. The lower layers, from the

bottom up to the OWL layer, are the leivel technologies, which have been standardised (RDF,
OWL and SPARQL), while the top layers of trust, proof and logic are still evolving and therefore
not yet fully realised. It isvorth mentioning that the layer cake model has been frequently

debatedand no final universally accepted version ex#tis stage.

23.1 The Lowlevel Components (Standards)

Starting from the lowest level of the SW stack, resource identifiers take the form of URI or IRI.
Bernersgy SS RST¥AySa G4KS !'wL & aF O2YLI)I OG &SI dzSy (
LK & a A Ol f (BexdsraleedmiEldiSgtand Masinter, 2008)RIs have a special syntax to

dzy AljdzSt &8 ARSYGATFe SIOK NBa2dzMIpSKk dzppPEKBET OB ¥
considered as the main building block of the SW, as they can be useshtdyichny concept or

resource globally. By this way, the machines will create a better interpretation of the data

concepts within the documentsShadbolt, Hall and Bernetge, 2006)

11
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On top of the resourcelentifiersresidethree layersrepresenting data: XML, RDF and RDFS. The
eXtensible markup language (XML) is a syntax languagesthsg¢dor structuring text
documents(Bray et al., 2008 RDF and RDE& basedn XML syntax. RDFais abstract graph

model that uses triples to link resources with each other. Each triple contains a subject and an
object, representing the two data concepts that are related to each other by an association, which
is represented by a predicate. Moreovegchsubject object and predicate are assigned unique
URIs to represent therfBhadbolt, Hall and Bernekee, 2006)RDFschemaRDFS) language

provides a basic vocabulary to describe the ontologies that structure RDF res(Rrickkey and

Guha, 2014)

Another ontological language is the web ontofjdgnguage (OWL). OWlbsedon description

logic (DL), antbr this reasorit is more data expressive than RB8adbolt, Hall and Berners

Lee,20080 hyS 2F h2[ Q& YIF22N) FSIGdzNBa Aa Ada FoAftAae &
classes, such as in the use of disjointedness, cardinality or enumerated ¢tdsEes 2004) OWL

also relies on the triples concept, where a network of triples builds an ontology that enables: a)

knowledge representation, b) logical inference and c) data interoperalgfisyinelli, Barcellos De

Almeida and Linhard3e Souza, 2014)

Another standard that is compatible with OWL is the rule interchange format (RIF), which is
responsible for exchanging rules betwe&ab rulebasedsystems, such amtologies written in
OWL(World Wide Web Consortium (W3C), 2013dpreover, the semantic web rule language
(SWRL) is also built upon OWL axioms. SWRL enable rules in the form of antéoedi@rand
consequent (head) to be combined with OWL ontologwerld Wide Web Consortium (W3C),
2004)

The last standard in the Io¥evel components idie query language SPARQL. SPARQL is an RDF
guery language that is designed to retrieve data by the use of the triples cofddpmeans that

a guery consists of three sections in order to represent: a) subject, b) predicate and c) object.
Variables canaplace any ofthese sectionso represent the aimedor data that is to be retrieved
(World Wide Web Consortium (W3C), no date®RARQL endpoints are web services used for
guerying data source®uCharme, 2011)

2.3.2 The Highedlevel Components

Researhers are currently working on realising the rest of the components of the semantic web
model, as many of the developed technologies are still evolving. In the semantic layer cake model,
each layer is relying on the one beneath it. For example, the loggc iman enhancement for

ontological languagdike OWL and RDFS. Proof and cryptography are essenéahtevingrust
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in the SW technologyrroofrelies on a deductive process to validate the resulted knowledge,
while cryptography involves the usedifital signature and encryptiofAntoniou and Harmelen,
2008)

On the top level of the semantic stack startde user interface concept, which enables humans
through the use of different applications to employ the semantic web. However, there is a crucial
factor thatcontrolsthis humani SOKy 2t 23& AYUGUSNI OGA2Yy S GKAOK A
computer sciace often refers to verifying the identity of the information source; a task which can
0S adz00SaaFdA fte I OKASOSR ¢gAGK (GKS KStLI 2F GK
aSYFIyGAO 6So Fftaz2 Ay@zt @Sa | 3Sy dalive InfgrRationdzi 2 Y I
resourceqArtz and Gil, 2007)rust is a very iportant element in the stack; it does not matter

how good the technology is if there was zero trust from the human using it.

2.3.3 An Example: The Drug Ontology (DrOn)

For a better understandingf the SW standards, an example of the drug ontology (DrOn) is
discussedn this section. DrOn contains drug products and information about their ingredients for
the usein semantic wekapplicationgdHanna et al., 2013Figure3 showsthe mainentities and
relationships in DrOn. Briefly, each driggdentifiedby a national drug code (NDC) and is

represented by a clinical drug form, whicbntainssome ingredient details.

has part

isa bearer of

haspart
isa

haspart

Figure3: The Drugntology (DrOn)jHanna et al., 2013)

The taxonomy of DrOn has been developed by RDFS, while OWL2 has been used totrgresen
higher characteristics of the ontology. In the ontology graph, the concept of a isipépresented

by two boxes, with amrc connecting them. The graph shows the subject for the first box, the
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object for the second box and the predicate for theentonnecting arc, see Figudga). The

schema or taxonomy of the domain is represented by the triples concepts using a language like

RDFS or OWL, and this is wisathownin Figure46 6 0 | & ¢Sttt ® CAylfftesx GKS Of I 3
data itself, is repgsented, also by using the triples concept informed by the RDF standard, see
Figure4 (c). ForexamplePt I Yy R2t Q A& Iy AyadlyOS 2F GKS WoNIyRSR

-

(KS Wia FQ NBfFGA2YAKAL) (G2 Wt NI FONHIE Or 20 €058 & A OK A &

Predicate

.
o

-
L

(a)

isa

(b)

isa

(c)

Figured: Anexample of a triple in DrOn

In the semantic web world, each resouiisddentifiedby a URI identifier. For instance, the
Wt I NI OSiGlFY2tQ AyaildlyOS A& ARSYGAFTASR o6& WKG G LYKk Lz
Wt FyFR2fQ Aa aaA3dySR I RAFFSNBYydG ! wbL WKGGLIY K K LIdzZNE

For discoveringgnowledge in the SWovld, there are two approaches: a) exploratory and b)

inferential. The former is texplore linkedesources by tracking the connections between them.

By referring to the DrOns example in FigBke G KS [j dzSNE W2 Kl 4 Aa GKS Of AyaoOl
paracetamol® OFy 06S IYad6SNBR o®OUNYOOYyH BRNFIOAYVYYROGOBEEY
in a straightforward manner. However, there are other kinds of queries that can pose, and then

answer, more interesting questions by traversiagiouslinked ontologiesamong different

disciplines. For example, it is possible an application needs some answers about drug interactions

with paracetamol so as to trace the mappings between the drug ontologyhendrugdrug

interactions ontologyDDI) to obtain the data in order to answer the inquiry.

The second approaatf discovering knowledge is the inference approddifierenceis more

complex than exploration because it involves revealing knowledgedites not have an explicit

representation in the ontologfMachado et al., 2013PDescripive logic principlearethe base of

the inference approach. Referring again to the drugs examgtgure3, if the WK I & LJ- NI Q

LINELISNII &8s fAYylAy3 WOtAYAOlIE RNUIZAQ 6AGK WAYINBRASY (!
following knowledge coulte inferred¥ WA Y IANBRASY G Q WA A LI NI 2FQ WOt AyAcC

14


https://bioportal.bioontology.org/ontologies/DINTO
https://bioportal.bioontology.org/ontologies/DINTO

Chapter 2

GKS 2yG2t23e SELXAOAGtE YSylGAazya GKIFIG WOt AYyA
the reasoner will be able to infer the inverse relationship and consequedtytdo the

knowledge base.

2.4 The Uses of the Semantweb in Health Data

Improvements in technologies help to increase the quantity of available health data on the web
RIe o0& RlIlé&d C2ft2sAy3 (KAA &addzReQa |AY G2 SE
aS00GA2y gAff F20dza 2y NB Qiyibghdajhtlatai 2 YS 2F (GKS

24.1 Overview

FromnarrativelyNBE @A SgAy 3 GKS f AGSNF Gdz2NBX FAGBS YIAYy i
identified: i) data integration, ii) data publishing, iii) data retrieving, iv) data exchange and v) data

monitoring. See AppendiAfor moredetails about thecollected inbrmation.

2411 Data Publishing

The datgpublishing category discusses publishing data online, either as private data with limited
access or as open data. Some projects aim to publish governmental health data as linked open
data (LOD) such #Bukhari and Baker, 2013; Jovanovik, Najdenov and Trajanov, 2013; Rinciog
and Posea, 2015For instanc@&ukhari and Baker (2018)m to republish the open Canadian

health census data as LOD, as part of the open government movement. Another paper focused on
building emergency healthcare ontology with limited access for authdnisers, also linking it

with LOD(Poulymenopoulou, Malamateniou and Vassilacopoulos, 2015)

24.1.2 Data Exchange

The data exchange categodiscusses several topics related to sharing data between different
systems, such as: a) data interoperability and b) data accessibilitgnd Wang (201@resented

an access control model for the HealilareandLife Sciences Research Group (HCLS), while
otherslooked into the areas of data interoperability and managing data exchange between health
systemgqHussain et al., 2012; Sonsilphong, Alrthand Archint, 2012; Khan et al., 2013; Lim, Kim
and Lee, 2013; Nie et al., 2013; Fareedi and Hassan, 2014; Cruz, Espindzialai015;

Menezes, Cook and Cavalini, 20H)r exampléHussairet al(2012)proposed a semantic

interoperability system for reusing EHRRSmproveclinical trials.
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2413 Data Integration

Data integration involves linking data from different domains or systems. In this category, there
were some papers distinguished from the others regarding their aims. Their aims were motivated
by a health backgrnd rather than a technical one, unlike the rest of the papers. In other words,
these papers were attempting to answer heattiated research question®athaket al., 2012;

Pathak, Richard C Kiefer and Chute, 2012; Pathak, Richard C. Kiefer and Chute, 2012; Jesualdo
Tomas FernandeBreset al,, 2013; Jyotishman Pathak, R. C. Kiefer and Chute, 2013; Jyotishman
Pathak, R. Kiefer and Chute, 2013; Begtaal., 2014; Shalket al., 2014; Odgers and Dumontier,

2015) An example of this type of paperdiathak, R. Kiefer and Chute (20&8)o concentrated

on discovering some drugrug interactions, whiléathak et al. (2012imed to diagnose patients

with a specific disease.

The rest of the papers hadchnical aims and used s health examples as exemplar cases, but
the authors were not trying to answer health questiper se.ForinstanceSreekanth and Biswas
(2014)aimed to develop a web service that would be able to compare various health insurance
services to help health insurance seekers to find the most suitable policy ing tako

consideration the issue of information asymmetry.
24.1.4 Data Retrieving

In this category, authors aimed to study the process of searching for and querying data. In some
of the literature the researchers investigated different techniques for improthegdata

retrieving process by using natural language proceg$hstankov, Rohrbein and Waltinger, 2014;
Al-Nazer, Albukhitan and Helmy, 2016)ther researchers chose to vary that aim by concentrating
on search techniges. For instanchliyazaki et al. (2015%imed to exploe the content

information in TV health programmes by developing an information hub using LOD.

2.4.15 Data Monitoring

What is meant by data monitoring is the process of analysing and evaluating the consumption and
production of linked data. New technologies udyahotivate academics to be interested in
Fylrfeaiya GKS (SOKyz2t23ASaQ HINRNatEIK2014y R | £ & 2
evaluated linked data technol@gs for use in the healthcare domain by developing a-b@é2d

health information systemk-otopoulouet al.(2016)analysed linked data by testing it in an urban

environment study.
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2.4.2 Conclusion

In conclusion, the learnt lesson from this preliminary review is thetiterature in this field of

interest involves topics from the: a) publishing, b) retrieving, c) exchanging, d) integrating and e)
monitoring of data. The interesting point here is that most of the authors used health examples in
their work but were primaly motivated by and interested in technical issues or topics. This
situation can be seen as computer scientists trying to test and improve different technologies,
which implies that this area is still growing. On the other hand, the few papers thatinferened

by a health perspective are also interesting, as they are an indication that the SW is starting to
capture the attention of health researchers. The semantic web is now being used as a tool in
conducting their research and for addressing healthsjioms. In the rest of this thesis, this type

of literature will be focused on; the type that has health motivation and aims driving it.

2.5  Linking Data Traditionally and Semantically

Health regarch faces many challenges due to its complex nature and thegise of mult

morbidity (Kotwalet al., 2016) Specifically, data integration in health research faces challenges in
operating the data collections due to their size and complexity, in addition to issues regarding the
privacy and confidentiality of participan{€hristen and Churches, 2008)oreover, the lack of: i)

data interoperability, ii) unified data representatismnd iii) data standards hinder the possibility

of data being smoothly shard@agotskt al., 2008)

In this section, the challenges associated with efforts to link health data wdliscassed. Two
approachego linking health research data will be reviewed. First is the traditional approach
where SW technologies are not involved, wiiiie second approach uses the SW as an
integration tool to answer health questionEhe main reveiwed information in both approaches is
made up of the used data types and linking methods, as well as some of the strengths and

challenges mentioned in the litature.

251 Overview

The traditional linked data approadéh definedas theprocess that involves aggregating data
about a certain person from different resources while at all times maintaining his/her privacy
(Kotwalet al., 2016) To achieve this outcome means that the linking is usually based on a
personal idefifier and not performed with, or informed by, any other identifiers. Due to the
sensitivity of the integrated information, the linking process is managed by independent data

centres that provide customised linked datasets with encrypted identifiers mrékearch use.
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The semantic linked data approach is the same type of literature that has been discussed earlier in
the previous section of this chapter. It was found tbate of the SW usess with &kh data was
answering health motivated questions. Thipe of research, that uses the SW as a tool for linking
health data, will be discussed here and compared against the traditional linking data approach as

both types of literature are trying to answer health questions, but by using different methods.

Forreviewing the traditionabpproach,11key papers were chosen from differekriown health
journals, such aBioMed Central (BMC) and British Medical Journal (BMJ), whereas the previously
reveiwed papers in the last section were chosen forghmantic approachmore details can be

found in Appendix BThe traditional papers discussed different topics from the: a) clinical, b)

pharmacological, c) epidemiological atidmanagement fields.

The topic of predicting the risk of developing a diseaas discussed by several researchers like
(Husain et al., 2012; Bucklet al., 2016; Clardt al., 2016) Husain et al. (2012) and Buckley et al.

(2016) 0 NA SR (2 T OKAS@S NR&]l LINBRAOGAZ2Y o6& | 33aINB3IAFGAY3

comprehensive health history to analys&larket al. (2016)tried to find associations between two
different conepts; those of heart failure and cancer treatments. The researchers concluded that
patients receiving cancer treatment hadigh riskof developing heart failures and such

treatment might cause mortality in certain cas€ornish et al. (201%)imed to find inter

dependent conditions between the duration of breastfeeding and IQ at the age of 15 byiagalys
linked data. In the pharmacology domalaurlink et al. (2009imed to study the drugs

interaction between the linked data of patients samples used both of proton pump inhibitors and
clopidogrel.Falster et al. (201%imed to identify any factors contributing to positive early

childhood development in Aboriginal children in Australia by finding astboies between various
FRYAYAAGUGUNI GABS AYTF2NX¥IGA2Y YR (GKS OKAf RNByQa
management field-alster, Jorm and Leyland (20&fhed to identify and predict health services

usage patterns to evaluate healthcare outcomes, whileset al. (2013)tried to predict the

healthcare expenditure foeach individuaby finding possible associations between costs and
a2YS LI GASyGiaqQ OKINIOGSNRAGAOAD ¢IKeStyleM®& S| NOK
highly associatedith his/her healthcare expenditure. FinalRRpbertson et al. (2012j)ied to

investigate the burden of heart failure admissions on health services by finding associations

pu
(p))
Q

0SSy

betweenK S f 1 K 0dzNRSya yR LI GASY(d&aQ OKIFNIOGSNAAGAOL O

Regarding the semantic approach, there were nine reveiwed papers around similar health fields,
as in the traditional approagtsee Appendix C for modeatils Some of the discussed topics in

this section werea) predicting the risk of developing a disease, b) finding-tégendent
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conditions between health domains, c) discovering drugs interactions and d) epidemiological

planning.

Inthe clinical field several researchers worked on identifying genephamotype mappings to

predict the possibility of developing a disease in a cofPathak et al., 2012; Pathak, Riah&

Kiefer and Chute, 2012Moreover,FernandezBreis et al. (2013)roposed a semantic linked

model for predicting the risk of developing colorectal can&irah et al. (2014jied to find inter
dependent relationships between clinical and oral health doredy finding specific associations
between the aggregated data from both fields. Other researchers tried to find patterns in

LI GASyGQa NBO2NRA (BathakFRickaRl GRfediziZhute y2013; NyotShimar y &
Pathak, R. C. Kiefer and Chute, 2013; Jyotishman Pathak, R. Kiefer and Chuté) #td ayea of
epidemiological planninBeyan et al. (2014inked several historical records for individuals in

order to analyse maternal and infants mortality rates.

Fromreviewing the chosen papers in the two approaches, it Gaodncluded that the questions
asked regarding the different health topics are similar in aiming to identify patterns and
correlations between the different concepts. However, it is important to note that the semantic
linked data approach is still in itaey stages. All the reviewed papers in this approach had a joint
aim in testing the ability of the SW to answer their proposed guestions; they were-pfoof
concept studies rather than health studies. Therefore, it would be expected that the research
literature at this stage will try to imitate or replicate some of the tradional health questions for

testing purposes.

2.5.2 Data Types

Part of the reviewed information in both approaches was looking into the different data types and
sources that were used. The datges in the traditional linked data papers were from three
different broad sources: i) hospitakiginated data, ii) governmerdriginated data and iii)

organisatiororiginated data.

The hospital data was used either in its electronic form as electtwatth records (EHRS); or in
othercasesitspapel SR FT2N¥X O t I+ GASYyGaQ NBEO2NRa | NS O
range of reports such as: a) diagnosis, b) symptoms, c) treatments or d) laboratory results, as well
as somepersonal demographimformation. For exampl®enaxagt al. (2012)was profiling data
resources for cardiovascular disease research and used many other longitudinal primary care
data, such as: i) diagnoses, ii) symptoms, iii) prescriptions, iv) vaccinations and v) blood test
results.Anothertype of hospital data waadministrative data thawas collectediuring hospital

care processes. For instandesainet al. (2012)used appointments information to count the
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number of visits for each patient, whikalster, Jorm and Leyland (20&&pluated health
outcomes and performances by using: a) health services admissions, b) dischargesaarslarkt
information. Hospital financial recordgere anothertype of data used to relate to the costs,
expenditures and burdens of providing health servi@gtiset al., 2013) Hospital data seems to
be the most accessed information type, as all the reviewed papsrd some information from

hospital records.

Another popular type of data wagovernmental registries witbpenaccess. An example of this
a2dz2NOS Aa O0ANIKaAQ YR RSIFIKaQ NBIAAGNRSAD { dzOK
popular types used in héth research; all are cited by the following list of researcl{Pmsnaxa®t

al., 2012; Robertsort al,, 2012; Falsteet al, 2015; Clark, R. At al, 2016; Falster, Jorm and

Leyland, 2016)There was also a more specific type of census that was also used albeit less

frequently, for example cancer registri€Buckleyet al., 2016; Clark, R. At al., 2016)

Many of the clinical researchers use international known standards and terminologies in their
linked data; such as the International Statistical Classification of Diseases and Redditiedns

(ICD) or the Systematized Nomenclature of Medicine, Clinical Terms (SNOMED CT). For example
Clarket al. (2016)analysed the issue of heart failure in cancer patients after those patients were

exposed tacchemotherapy. All the diagnostic and clinical terms were coded in ICD terms.

Similarly, the semantic linked data approach used the same type of data, but in a structured
format to ease and enable the integration process with other ontologies. In addditre

hospital, government and organisation datasets, the use of public ontologies from the LOD was
very common. For example, DrugB4dNMkishartet al., 2006)and DailyMedDailyMed, no date)

are public pharmacological ontologies that contain a comprehensive amount of information about
drugs, chemicals and proteins. The two sounvese usedn several clinical and pharmacology
projects(Pathak, Richard C Kiefer and Chute, 2012; Jyotishman Pathak, R. C. Kiefer and Chute,
2013) Translational Medicine Ontology (TM@umontieret al., 2010) Sequence Ontology (SO)
(Eilbecket al., 2005) and Diseasom@Gohet al., 2007)are also some of the many online

published repositories thatontainsignificant biomedical information and knowled@éese
biomedical ontologieplayeda major role in clinical and pharmacology papers such as that from
Pathak et al(2012) where TMO and S®ere usedn defining the mappings between phenotype

genotype associations.

Similar tothe traditional approach, there was an extensive use of biomedical terminologies and
clinical terms but in its structured semantic format. Some of the main terminologie svibragt
usedare Systematised Nomenclature of Medicine Standards (SNOMEB&R$dn, 2012)he

National Cancelnstitute Thesaurus (NCI Thesaur(iéational Cancer Institute, no dataind
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Logical Observation Ideriters Names and Codes (LOIN@3Donaldet al., 1995) Terminologies

and ontologies have a strong relationship, particularly where a terminology represents the name
of a concept in an ontologiNoy and McGuinness, 2001 addition to the biomedical

ontologies, the LOD is full of ontologies from various domains that can be helpful for a health
researcher. For example, one of the significant existing ontologies is DBpedia, sutl@ispansible

for presenting all the information on Wikipediall these ontologies can open many doors for

different research and applications ideas.

253 The Linking Technique

The linking process in the traditional linked data approach is performed bygajgrg personal

data as well as protecting the privacy of the person. Hence, the linking process is managed by an
independent data centre that generates an encrypted version of the linked data for the

NBaSI NOKSNRA dzaSod ¢ KS firdsyah bep&fordBndd dvays: 4y (1 KS
determinstic or a probabilistic approach. The linking in the deterministic approach is performed

08 dzZAAY3 | LISNBE2YQAd ARSYUGATASNI (KL (Deratast dzy A |j
al. (2012)used this type of linking when integrating several peedoecords based on the
AYRADGARdIZ £t Q& bl { ydzYo SN

The second linking approach is by using probabilistic algorithms, where a mixture of personal
identifiers, demographic markers and specific personal information can be used to identify an
individual(Winkler, 2006) Thereis available matching software which supports probabilistic link
making, like ChoiceMaker. An example of the use of this approach is the weakstdret al.

(2015) where the researchers used the name, date of birth, sex and address identifiers to
probabilistically link records. On some occasions, a mixture of deterministic and probabilistic

approaches can be used, as demonstratedHbogainet al. (2012)

The third party data centres play an important role in preparing the linked data for researchers.
The data centres offer ready to use linked datasets for immediate access to the researcher. In
other cases, the centres can offer to prepareati and link the data specifically for a certain
project; for exampleThe Centre for Health Record Linkage (CHeR&E)Centre for Health

Record Linkage (CHeRel), no da&g)using the linked data offered by the linking data centres,
the researches can benefit from having access to multiple administrative datasets and registries
linked by personal identifier, without having to worry about the privacy issues associated with
researchers trying to access personal ddtatwal et al., 2016 This benefit is because the

linkage process is performed firstly by linking the different records per person either

deterministically or probabilistically in an inside operation, to which the researcher has no access.
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Secondly, an encrypted idengfi (different than the original one) that represents each person
(patient) is generated for the linked data. The reason to generate these encrypted identifiers is to
maintain anonymity and to have a tied identifier for the multiple dataset§The Centre for

Health Record Linkage (CHeRel), no date)

While the linking process in the traditional approach was performed personal level, only by
third party data centres, the linking process in the SW approach is different. Rinstinkage is
not just limited to personal identifiers. It can be performed on any declared entity that was
assigned a URI. The possit@itand flexibility of linking heterogeneous datasets are constantly

expanding.

Moreover, the linking process in this approach is performed by building up a knowledge domain
that consists of different integrated resources. The integrated resources doeasat to be fully
implemented by the researcher, as many of the used resources in the reviewed systems were
reused public ontologies that had been published in the LOD by others. Another property of the
linking process in the SW approach is the abilitygaldvith private as well as public data,

although it should be noted that access to the private datasets is restricted. For exdatiak

et al.(2012)managed to integrate public data from the linkeden data source (LOD) with private
LI GASYyGd NBO2NRA FTNRY (G(KS alé2 Of AyQ@dgsamndd| w ddaasSvya
Dumontier (2015Wwho linked private data with public data to be used in a translational research
initiative. The private data was collected from the central repository for EHR data at tie Luc
Packard Children's Hospital and the Stanford Hospital and Clinics (STRIDE); the public data was
taken from different online biomedical linked datasets like the Systematised Nomenclature of
Medicine (SNOMEDT).

254 Strengths and Challenges

Health researches used the traditional linked data approach because it improved the quality of

the research by allowing for a breadth and depth overview of the tested sample as agreed by the

following researcher§luurlinket al., 2009; Denaxaat al., 2012; Elliet al., 2013; Corniskt al.,

2015; Falsteet al., 2015; Clark, R. At al, 2016; Falster, Jorm and Leyland, 2016; Hibdex.,

2016) Having a wider overview of the linked datsets helped in identifying popukiicei

patterns and trend¢Robertsoret al., 2012; Elligt al., 2013; Falster, Jorm and Leyland, 2016)
Moreover,anilRS LG K 2 OSNWA S¢S 2F (KS F33aNB3IIFIGSR RIEGE 31 @S |
LJA O (indaNidBeand coseffective manne(Denaxat al., 2012; Husaiet al., 2012; Robertson

et al, 2012; Falsteet al., 2015; Clark, R. At al, 2016; Hildeet al,, 2016) Furthermore,
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traditional linked data opened opportunities to assess +wafld healthcare services and evaluate
their outcomegRobersonet al,, 2012; Falsteet al., 2015; Falster, Jorm and Leyland, 2016)

However, some researchers argued that the routine data used in this approach lacked quality, as
it was collected for nomesearch purposes by nespecialists. For example, somata was missed

out in the collection phaséDenaxa®t al, 2012; Robertsort al.,, 2012; Bucklegt al., 2016;

Clark, R. Aet al, 2016) while other data was ambiguo@Benaxa®t al., 2012; Robertsoet al.,

2012; Bucklegt al., 2016) Other researchers had some issues with the linkage process. As a
result of these issues, there was some mismatching of links resulting in conflictingPeaiaxas

et al, 2012; Robertsoet al,, 2012; Clark, R. At al,, 2016; Hildeet al., 2016)

While many researchers had very positive opinions about using the traditonal apptoacdwW
linking option seems to have received the same reactions. Some researchers predicted that by
using the SW technology the process of research findings can be accelerated: a) due to effective
approaches for knowledge discovery evident when exargibiomedical datéOdgers and
Dumontier, 2015pr b) due to the integration between public data sources from the LOD cloud
and private institutespecific patient dat§Pathak, Richard C. Kiefer and Chute, 2012; Jyotishman
Pathak, R. C. Kiefer and Chute, 2013; Jyotishman Pathak, R. Kiefer and Chut@dh204i8)plicity
and flexibility of domain representation has attracted many health researchets a5 Pathaket

al.,, 2012; Jesaldo Tomas Fernanddreiset al., 2013; Jyotishman Pathak, R. C. Kiefer and Chute,
2013; Odgers and Dumontier, 2015)owever, the prime advantage of the SW is the availability
of many open datasets in RDF containing different biomedical informatiating to such issues

as: a) genes, b) diseases, and c) drugs, which make it a very powerful tool for knowledge
acquisition as agreed by the following citatidifathaket al., 2012; Pathak, Richard C Kiefer and
Chute, 2012; Pathak, Richard C. Kiefer and Chute, 201B&hiyan Pathak, R. C. Kiefer and Chute,
2013; Jyotishman Pathak, R. Kiefer and Chute, 2013; Odgers and Dumontier, 2015)

Challenges to the SW approach have been minimal. One of the few issues raised was a technical
challenge regarding the latency in responses to qudfashaket al., 2012) Odgers and

Dumontier (2015Jaced other issues including: i) URI mismatching and ii) dirty clinical data.

255 Conclusion

Thissection eviewed some characteristics of two approaches for linking health data: traditional
and semantic linked. The traditional linked data approach was performed by independent data
centres that link several healfelated datasets based on personal identifiefhe privacy of the
participants in the linked data was protected by encrypting their identifiable information and

producing new identifiers for research use. On the other hand, the semantic linked data approach
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used the SW standards in defining and ligkémtities in a domain using the triples concept and
URIs as global identifiers. In this approach the linking can be performed by anyone with some
background knowledge of the SW tools and the linkage can be performed any defined entities
with URIs.

The dah types used in both approaches were similar in concept but with different formats; for

example, both approaches used hospital generated datasets. However, in the case of the SW

approach the data was provided from the institution supporting the researchagke the

GNF RAGAZ2YFE | LIINRBIFOK ¢gKSNB GKS LI GASyiaQ LINAGEFGS RI
Another difference between approaches is the format of the linked data, where all the used

datasets in the semantic approach were structured as @Ridd: Although the semantic linked

data approach cannot offer the readg-use personal linked datasedsailable with the

traditional model, the SW technologies and capabilities are very promising due to the amount of

available public linked data in tleboud. The LOD includes different types of ontologies from

pharmacological, biomedical and medical ontologies to more general ones like DBpedia. The idea

of leveraging the public data by linking ittd- G A Sy §aQ LINA Gl G§S RFEGF FTNRBY K2 4&LJA
popular in some project®Rathaket al. (2012)linked private data from the Mayo clinic with public

biomedical ontologiedt is important to note that the linking heris not necessarily performesh

a personal idenfier-level, as any defined resource in an ontology is represented by a unique URI

that canbe usedor linking.

The traditional approach attracted many researchers in a range of health topics due to the

efficiency of the sample size, when compared to statahe datasets. This advantage allowed the

researcher to have a bigger picture and higher resolution perspective of reality, which can ease

the process of identifying populatieh S @St GNBYyRaA® a2NB2@SNE o6& dzaAy3d (K
data, the researchecan have access to some encrypted private data that is difficult to be

accessed due to privacy issues.

The semantic linked data approach is a new method that has come available to the health
research community; however, it succeeded in gaining some positive attention. Some of the
reasons mentioned in the literature for adopting the SW approach were: 8ithplicity and ii)

the flexibility of the data model, as well as the accessibility to public data; an asset which can lead

to better incorporation between the public and private datasets.

24



Chapter 2

2.6 Summary

This chapter reviewed the main concepts of the semantib (&V) and linked data (LD) principles

in order to have a better understanding thfe SW vision and how it may affect health research.

The SW vision is concerned with structuring and linking the data on the web in order to make the
web not just humarfriendly but also machindriendly. The main building block of the SW is the
ontology which is a collection of connected and defined data entities representing a specific
R2YIAYy® [5 Aa  O2yOSLIi AYyUNBRddzOSR A¢sfarKS {2
Lldzo f AAKAY3 yR O2yySOuGAYy 3 &0NHzO0 dzNEeR200®). The 2y
interconnected data (ontologies) in the cloud is called linked open data (LOD). Building ontologies
needs several SW standards such as: URI, RDFS VRDORKWRL and SPARQL.

In a preliminary review for the SW uses in health data, it was found that the SW is being used for
different reasons such as to: a) publish, b) exchange, c) integrate, d) retrieve and e) monitor data.
Another observation is that most ¢he available literature is technicalbyriented. Health related
issues were only chosen as examples as the researchers were not motivated by a health issue or
guestion. The smaller part of the literature, where authors were motivated by a hegliited

aim, will be the focus of this thesis from now on.

Another interesting area was identified in regards to the techniques used for linking health data in
GKS {2 FLIWWNEIOK 2N WiNIRAGAZ2YIFff&@Qd | GNIFRAD
by linking at a personal level using a third party data centre. The semantic linking was performed
at different levels mostly linked to open biomedical and clinical ontologies. Some of the strengths
in this approach that attracted health researchers areha)efficiency of the sample size in

comparing with staneéhlone datasets and b) the accessibility to encrypted private linked data,

which is considered a big challenge in health research. On the other hand, using the SW tools to
link health data is gainingore attention for its simplicity, flexibility and accessibility to public

data.
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Conducting a Systematic Literature Reveiw

For the Addressed For the Used Semantic
Health Questions Web Features

A 4

Building a Demonstrator using SW tools

Ontologies (schema) Instances (data)

Applying Health Use Cases to the Demonsta

Literaturebased Expertbased

Figure5: Themethodologysteps

The main aim of this empirical study is to understand the currentgidntial relationships

between the SW and health research. In order to fulfil this aim and to answer the research
guestions, three types of methods were used. The first method is for addressing the current
relationship between the SW and health researghcbnducting a systematic literature revieWhe
systematic literature review is used to find: 1) the types of addressed health questions, 2) the main

SW features, 3) the affordances and challenges and 4) opportunities and gaps in the literature.

The other two methods are more concerned with anatgsthe potential of this technology in health
domainfrom apracticalpoint of view Ademonstrator based on the SW technologies and
representing a healtielated topic was built, which was then used to deal with two heakised

cases. The demonstratoriomg with the two cases, aimed to answer third research questions; an

aim that would be achieved by understanding how SW tools can be used in health research, as well
as analysing the affordances and challenges evidéein doing so. Figureshows the thee

methods used in the thesis, while the next sections will discuss each method in detail.
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3.1  Systematic Literature Review

Identifying Resources

database keywords time frame language

NI

Screening

Excluding duplicates

NI

FindingEligibleResources

Defining inclusion/exclusion

Criteria Excluding irrelevant resources

NI

Preparing Included Resources for Analysis

Downloading resources locally

NI

Qualitative Analysis

Applying codes for resources usir| Classifying resources based on the
aqualitative data analysis softwar, codes (thematic analysis)

NI

Quantitative Analysis

Calculating the usage percentag{ Applying a crostabulation analysis
for each classification for the classification

Figure6: Systematiceviewsteps

Systematic literature reviews are meant to map, classify and interpret available research regarding a
specific topic or research area. They are used due to their ability in summarise grounds for a topic or

highlight gaps in a research ar@@chenham, 2004)The health literature exploiting the SW
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technologies was systematically reviewed to classify and map the huge amounts of information

available, in order to understand the research trends and themes.

The aim of this systematic literaireview was to identify the addressed health questions and
topics, highlighting the main SW features that were used and then analysing any affordances and
challenges in that process. Therefore, the systematic review mapped the literature from two
perspecives: the health questions that were addressed and the SW features that were used. The
review aimed to answer the first research question in addition to part of the second and third

guestions.

The systematic review followed the PRISMA (PrefeReporting Items for Systematic Reviews and
Meta-Analysis) steps to guide the reviewing procgdsheret al., 2009) In the PRISMA statement,
there were four main phases in conducting a systematic review: i) identification, ii) screening, iii)
eligibility and iv) inclusion. After identifying the included studies in the review, the information

within these studis was analysed both qualitatively and quantitatively.

Figure6 shows the stepfollowed in conducting the systematic review and the next sections explain

the steps in greater detalil.

3.1.1 Identification

The first step was to choose the searching database forakiew. In dongitudinal and cross
disciplinary study conducted byarzing and Alakangas (20,1&)comm@rison across threpopular
searching databases nhamedgopus, the Web of Science and Google Scholar was performed. The
authors concluded that the three databases were sufficient and showed stable growth in the
number of publications and citation. Howev&gopus showed slightly higher average growth rate in
the number of papers per academic at 2.7%, wiitingle Scholar arttie Web of Science registered

2.5% and 2% respectively.

Moreover, Google Scholar was tested earlier in arpréew of the uses ahe SW in health data,

section 2.4. Although Google Scholar might give a greater number of hits per search, the quality of
retrieved results is lower than Scopus. In this preliminary experiment, there were many irrelevant
results includedHarzing and Alakangas (20650 support this idea bstatingthat Google Schol&r a
approach igo trace any information available on academic related websites and otherjoality
NBaz2d2NOSa adzOK a o6ft23ad ! fiK2dzZaK GKS D223t S

lowers the accuracy and quality of the retrieved resources. In additiongl@®&cholar does not
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provide any filtering options for tha 2 dzN¥p&sawbile Scopus provides many filtering options

including specifyinghe documeng §pes.

The second step in identifying the included resources for the systematic review is chibasing
searching keywords. In the preview mentioned in section 2.4, a simple query including the terms
GasSYlLytAro 6So6é yR aftAy1SR RIFGFE a ¢Sttt I a
needed literature was excluded by using such simple quig reason was that in some articles the
sematic web or linked dataasnot mentioned explicitly in the article, but theyere expressed
AYLIE AOAGE R o0& YSyiUA2yAy3da 2yS 2NJ Y2NB 2F (KS

Therefore the query wasnodified into including more semantic web keywords. The search

1S862NRa (G2 RSaAONAROGS (KS {2 (SOKy2f238&8 6SNBY
Gh2[¢ FyR a{t!wv[éZ 6KAtS (GKS 1Sé&g2NRa (G2 RSao

G KS I f (4 déestlBeywords were put together in the following query:

GKSI

{2

I3

a

TITLEABSKEY ( ( "semantic web" OR "linked data” OR ontology OR rdf OR owl OR spargl) AND

(health OR healthcare)) AND DOCTYPE (ar OR cp) AND PUBYEAR > 20GUAGI> LAN

("English™)

The third step was to limit the search using some of the advanced filtering options provided by
Scopus. Firstly, the searching time frame was limited from 2001, which was the year Bareers
wrote his first paper about the SW (Bens-Lee, Hendler and Lassila, 2001), to the date of the
search day in July 201§ using thePUBYEA®ption. Secondly, the search was limited to articles
written in English by using the keywdtddNGUAGHRBoreover, the results were filtered based on
the doaiment type. The chosen included document types for this review were academic journals
and professionally relevant conferences by using the tBX@CTYPE (ar OR .dgnally, the search
process was limited into looking into the titles, abstracts and la@g® using the filtering option
TITLEABSKEY

3.1.2 Screening

The screening phase includd included studies from the previous step by visually inspecting the

titles, abstracts and keywords. Irrelevant articles were excluded, as were any duplicated resources

3.1.3  Eligbility

The eligible resources for the systematic review were the ones that followeeXtlasion criteria.

The criteria included two points:
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1) Exclude any article that cut of the SW context, such as articles that use traditional linked
data, agdiscussed in the previous chapter.
2) Exclude any article that has a purely technical aim rather than a hesllited one, an issue

also discussed in the previous chapter

3.14 Inclusion

After applying the inclusion/exclusion criteria, all included studies wewentbaded locally to be

prepared foranalysis.

3.15 Qualitative Analysis

The qualitative analysis was done by using NVivo, a data analysis saf@&Relnternational Pty

Ltd., 2019) For each paper, several codes were added to identify: i) the main aim or ii) the
guestiong) addressed in the paper, iii) specific topic(s) discussed, iv) the SW tools used and v) SW
features. After coding all the downloaded resources, a thematic analysis using a classification matrix
was performed using the produced codes. The classificatamdene by visually analysing and
aggregating similar aims and concepts together in order to produce primary and secondary research

themes.

3.1.6 Quantitative Analysis

The quantitative analysis took place informed by the themes produced from the previous step. By

counting the number of resources in each classification theme, and calculating the usage

percentage, the data was represented as numerical tables and chaasdoond analytical step, a
multi-dimensional cross tabulation analysis for the different classification themes was applied. The

purpose of this tabulation analysis was@d- £ Odzf I 6 S G KS LISNOSydlF3sS 2F dzal

themes.

3.2  Building a Demastrator
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Choosing a Topic

\Z

Choosing Data Resources

\Z

Extracting Primary Concepts

\Z

Modelling Ontologies

\Z

Converting Data to Triples

\Z

Uploading Data to Triplestore

\Z

Testing the Demonstator

Figure7: Steps tdouilding a Semantic Webaseddemonstrator

This section describes the methodology employed in designing and implementing the semantic web
based demonstrator (proebdf-concept model). The aim of bdihg the demonstrator was to
illustrate how the SW tools were used to represent a headtlated topic, as well as to analyse any

affordances and challenges faced in the process.

Figure7 shows the stepghat were followed in order tduild the demonstrator and the next

sections explain the steps in more details.

3.2.1 Choosing a Topic

Based on the outcomes of the systematic review and the identified gaps in the literature, a health
topic was chosen to be demonstrated. The topic needs talile to demonstrate the SW standards

and features as well as to be accessible to open data on the web.
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3.2.2 Choosing Data Resources

When choosing suitable open data from the previous step, it was also important to choose reliable
data sources, as well as chamgidatasets that were capable to be linked afterwards. The chosen
data was thendownloadetl y 12 | f 20Ff YI OKAYS IyR &l @SR | a |

if it was not RDF. All CSV files were prepared and cleaned to be converted into RDF files.

3.2.3 Extracting Concepts from the Data

The extract, transform and load (ETL) process was followed in building the main body of the
demonstrator. The ETL process is responsible for extracting data from various sources, cleaning and
customising the data to prepaiieto be uploaded into a data warehoug¢Bkoutas and Simitsis,

2006)

This step was the beginning of the ontology design process. Firstly, the downloaded datasets were
analysed ad the primaryconcepts were extracted. The extracted concepts were meant to be
defined as classes or data properties in the designed ontology. The other type of information to be
extracted from the datasets was the relationships between concepts to lresepted later, as

either data or object properties.

3.24 Modelling Ontologies

Protégé, a software for designing ontologies developed at Stanford Univévkigen, 2015)was

used for developing the ontologies employed in this research. TogechSW standard for building

the ontologies was the web ontology language (OWL). The ontologies were based on the extracted
concepts and the relationships between them. It is important to note that the aim for building the
demonstrator is to prove the fesbility of using the SW standards to represent a health topic.
CKSNBF2NBz: (KS 2yid2f23eQa RSaA3dy sl a LINAYAGADS

the domain.

3.25 Converting Data into RDF

After designing the ontologies, the next step is to adstances, in the form of the actual data, to

these ontologiesUsingOpenRefindpreviouslyGoogle Refinejombined with RDF extension

(Google, 201Q}he tabular CSV data was converted into structured RDF@jenRefineonverts

the data depending on and informed by ustafined mapping rules. These rules were defined based

2y GKS 2yii2f2380Q3a R Sidgstares withzhe dihaBdeczéhd. 02 YLI (Aot §
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3.2.6 Uploading Data to Triplestore

The chosen triplestore was the open version of GraphDB from Ont@@etotext, 2017) GraphDB

was chosen due to its capability to handle large amounts of triples. For example, 17 billion triples
were handled in the UNIPORT study. GraphDB was combined with-&iaadty interface that
Fff2ga F2N) dzLJ 21 RAYy 3 G KS iledXheIOBLERs foiBedhtaldgiee NE
were uploaded first; theithe converted RDF files were uploaded. The repository, where all the
uploaded files were saved, was locafe® OF f f @Y Ay GKS NBaSI NOKSNDa

3.2.7 Testing the Demonstrator

GraphDB was also edined with a SPARQL endpoint for querying the available repository. Several

testing queries were run across the ontologies to test different SW features.

3.3 Health Use Cases

This section aims to use real case scenarios in the demonstrator to try more of the SW features. By
applying two health use cases for the SW demonstrator to deal with, lessons regarding the
affordances and challenges in answering health questions usirng@$\tan be explored and

analysed.

The health use cases were chosen via two different approaches. The first one was inspired from the
traditional health literature and tried to replicate some of the results. The second case was chosen
fromhealthreseadd K SNE Q adzZ33SadGA2ya Ay | F20dza 3INEP dzLJd

g A

2

j dZSNAS&a FyR 6SNB (GKSYy NHzy | ONRPaa (GKS AYLX SYSy(SF

cases are discussed in the next secti@ssshown in figur8.
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Choosing the Health Question

Finding Data Sources

Translating the Question

Executing the Query

Analysing the Results

Figure8: Steps foapplyinghealth usecases

3.3.1 Choosing the Health Question

Choosing the health question for the use cases was done differently in each of the two approaches.
The chosen topic and question in the first use case was borrowed frermatitional health

literature. The needed condition was to select a complex question that invahtegrating different
heterogeneous datasets in order to answer it. The reasoning behind this approach was to
RSY2yadNI GS |a Yl ye igidadpisSible 2 G§SOKy2t238Qa |6

In the second use casie health question was taken from suggestions offered by a focus group of

health researchers. The aim of the focus group was to allow the participants to brainstorm some

interesting health questions from theoint of view that can be presented to the newly built

demonstrator. The opinions of the health researchers were meant to expand the understanding of

possible scenarios where the demonstrator would be useful. The output of the focus group would be
alist2 ¥ adza3SadAzya 6ljdzSadazyao GKFIG gSNB AyGaSNBaid’
guestions were filtered to one chosen question that was the most suitable for use with the

demonstrator. The filtering criteria were based on the ability oftheqiegti (2 KA IKE A IKG (K

capabilities, with the possibility of applying it to research issues located in the field of health care.

3.3.2 Finding Data Sources

Because both questions were chosen carefully, the needed data for answering them was mostly
available irthe built demonstrator. However in other cases, there was a need locate extra data in

addition to the open data.
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3.3.3 Translating the Question

After preparing the demonstrator for answering the questions and linking it with any needed extra
data, the chosemuestions were divided into smaller parts to ease the translation process. The
jdzSatAz2yaqQ LI NIHa gSNBE GKSy GNIryatliSR Ayid2 avlff

was one nested query for each question in the use cases.

3.34 Executing the Quey

2 KSYy GKS jdzSNASE oSNBE NBIFReéesx (GKSe ¢
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results were saved locally for analysis.

3.35 Analysing the Results

The results of the first use case will be analysed in a manner corresponding to thdipstpeas
replicated. However, in the second use case, the health experts will be consulted again for their

opinions regarding the results.
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3.4  Summary

This chapter discussed the followed methodology evident in this thesis. The three methods used in

this thess were:

1. Conducting a systematic review of the health literature using the SW.
2. Building a demonstrator based on SW technologies representing a health topic.

3. Applying healthrelated casescrosshe demonstrator.

The systematic review aimed to map and tossidy the literature based on the health questions that
were addressed and the SW features that were used.PRESMA (Preferred Reporting Items for
Systematic Reviews and Mefaalysis) steps were followed in order to implement the reviewing
procesgMoheret al., 2009) The four PRISMA steps were: i) identification, ii) screening, iii) eligibility
and finallyiv) inclusionAfter identifying the included articles in the review, a mixed analysis

approach was performed.

The demonstrator was builtas a preofO2 y OSLJG Y2 RSt G2 AffdzaidNFGS
for researching a health topic and dataand to analyse any affordances or challenges in the
process Choosing a topic for the demonstrator was informed by the topics identified in the
systematic review. Building the ontologies and feeding them with instances followeaktheet,
transformand load (ETL) procegSkoutas and Simitsis, 2006@raphDB was chosen as the

triplestore with which to save and load all needed d@@atotext, 2017)

0 K &

¢ts2 KSIfGK dzasS Ol aSa 6SNB LW ASR G2 (GKS RSY2vyal

analyse any affordares or challenges in the process. The first caseingpired by the traditional

health literature and tried to replicate some of the results. The second case was chosen from
suggestions offered by a focus group of health researchers. Both cases wefatédmsto SPARQL
gueries and run across the ontologies in the SW demonstrator. The results of the queries were
analysed in corresponding to the replicated paper in the first use case and according to the experts

opinions in the second case.

Tablel showsa summary of the methods used in answering the research questions and their

outcomes.
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Research | Understanding the relationship between teemanticweb and health researc
Aim: currently and potentially
V\ng;g;i tg;nma;g:re;aslél; How are the semantig What are the affordances
Research |9 i health regsearch web features being | and challenges in employin
Questions: : : used in health the semantic web for healtl
employing semantic web!
. research? research?
technologies?
s _ I Systematic review
Methods: 1 Systematic review T reX/Si::\}/;na“C 1 Demonstrator
 Use cases
The addressetiealthaims Thelden_tlfled SW The dentified affordances
Expected o featuresin the
Outputs: and guestionsn the literature with their and challenges from
utputs. literature literature and practice
usage rates

Tablel: A summary of the research questions, methods and expected outputs
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Chapterd ¢KS {SYIYyiAO 2S56Qa ! as

I {2ad0SYIFIGAO wSOASSH
The previous chapters of this thesis introduced and explained the aim of this thesis and the methods
used in achieving thisim. Section2.4and2.5in the second chapter started exploringehnter-
NEf I GSR t AGSNY Gdz2NBE O2@0SNAYy3I (GKS FTASEtRa 2F {2
from a data cycle perspective, were reviewed as well as the uses of the traditional and semantic LD
approach in health research. One of the maimfitgs in those reviews was that using SW and LD
tools in health research captured the attention of researchers. The existence otgiroohcept
studies, or papers testing the SW approach in answering a specific health question, was evident.
While most otthe available literature is of a technical nature, this study focuses on the smaller
portion of the literature that addresses health questions and then uses the SW as a tool for

answering them; this research is not motivated by a purely technical aim.

Motivated by how the SW tools help health research in managing data, this chapter continues
investigating the uses of the SW in health research by proposing a deeper investigation of the
literature. The literature is systematically reviewed for the purposelehtifying research gaps,

trends, challenges and affordances of the SW in the health domain. The first part of this systematic
review aims to address health questions and topics in the literature. The second part of the review
attempts to understand thdifferent uses and features of the SW in general and across the different

health research themes.

4.1 Introduction

Massive amounts of health data are available publicly and more are produced in private health
institutions and by selfnonitoring devices evergay. However, heterogeneous data sources,
incompatible formats and a lack of data interoperability between systems all hinder attempts to

exploit and integrate this datéSagotsket al., 2008)

It has been suggested that the semantic web (SW) and linked data (LD) can offer solutions relating
to: i) data structuring, publishing, integratimgnd sharing on the we{BernersLee, Hendler and

Lassila, 200BernersLee, 2006)The SW offers standards for representing data e.g. RDF and OWL
and enables the linking of data by following the LD princi(BesnersLee, 2006)¢ KS Wt Ay 1 SR
LINAY OALX SaQ + NBY
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1. Use URIs as names for things

2. Use HTTP URIs so that people can look up those names

3. When someone looks up a URI, provide useful information, using the standards (RDF,
SPARQL)

4. Include links to other URIs, so that they can discover more things

These standards and rules can offer a platfdor health researchers to use in managing their data.
It is suggested that the SW is gaining populdritthe health field, as mentioned & stateof-the-

art review of the SW in healthcafZenun et al., 2015)and also by the findings ithapter2.s

411 Similar Reviews

Zenuniet al. (2015)reviewed the literature from three perspectives: i) ontoieg and data

repositories, ii) applications and user interfaces and finally iii) data mining and analytic approaches in
the SW for the healthcare domain. It was found that the SW is valuable for the health domain.
However, there were challenges in mappfngm nonsemantic formats to ontological concepts, as

well as the difficulties presented by ontological maintenance. The paper reviewed the healthcare
literature in general, but there were also other reviews focused on specific health domains such as:

a)translational medicine or b) health informatics.

An example of focused reviewing is the worlMachadoet al.(2013) in which 11 translational

medicine applications using SW technology were reviewed. The applications covered different cases
of medical use in: a) pharmacology, b) neuroscience, anardjowascular disease$he authors also
reviewed the public and private resources used in the applications, as well as the SW standards and
knowledge discovery approaches that were udédas concluded thathe SW technologies are

fulfilling their rolein data integration and exploration, but that those technologies need to be

combined with the process of: i) defining mapping between resources andugimng resources.

McArthur (2009konducted a survey tbnd opportunities for health information professionals to

play a role in developing the SW. This survey wderdift from others because the targeted readers
were health information professionals. The author found five key themes for the health information
professional and librarians to support SW development: i) ontological development, ii) knowledge
translation,iii) information retrieval, iv) scientific publishing and v) resource classification and

indexing.

The last review was the work Bfysenbach (2003) the field of consumer health informatics. The

author reviewed the literature from two perspectives: a) the main building blocks of the SW and b)
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outlining several beefits and challenges of using the SW in the field of knowledge translation for
RSIEAY3I 6AGK O2yadzYSNEQ KSE K Ay T2iNpoviagittey © { 2 Y ¢
abilities of search engines, ii) guiding users to relevant health informatidrii) better automatic
translations. On the other hand, there were many issues regarding data accessibility, quality and
privacy. In conclusiorhe author suggested that the SW may open more opportunities for health
information consumers to find and agggate information. However, there is a fear that this
possibilitymay lead to overlaying on the web as a source of health information and the role of

physicians may be negatively affected in some ways.

4.1.2 ¢KS {(dzReQa /2y GNROdziAzZYy

This systematic review aintg identify research gaps, trends, challenges and affordances within the
FASEtR 2F {2 fAGSNY(Gdz2NB GKIG FRRNBaasSa KSIf K | dzS
that includes two levels of classification for the literature: i) the geneealth theme and ii) the

specifically addressed health questions. This taxonomy can help researchers to understand the types

of questions that the SW could help to deal with. Accompanying the health taxonomy is a

guantitative analysis focused on the usaggqentages for each classified theme and topic which

gives an overview of the research trends and gaps in this specific area of the literature.

The second part of the systematic review aims to understand the different uses and features of the
SW in generaand across the different health research themes. A second taxonomy for the literature
is presented that classifies the literature according to the particular SW features discussed. This
taxonomy is also supported with a quantitative analysis that catedlthe percentages of use for

each SW feature.

In addition to the two taxonomies, a creasalysis for the use rates between the SW features

employed across health themes is produced. This analysis helps researchers to understand which SW
features are ppular in each health theme and which are not. Moreover, the analysis highlights the
impact of the characteristics of addressed health questions in raising or lowering the rates of usage

for specific SW features. Finally, this systematic review offers daratanding of the affordances or
challenges facing the SW in health research. This understanding is based upon the variance in uses of
the specific SW features across different heatttated questions addressed that are addressed in

the literature. Thusthis systematic review is different from the previously mentioned reviews: a) in
terms of the breadth of the health topics discussed and b) the specificity of the discussed

affordances and challenges according to the health questions addressed in thtihige

41



Chaper 4

4.2 Methods

The approach followed for systematically reviewing the health literature that focused on the SW was

0KS WLINBFSNNBR NBLRNIAY3A AKPNVEe TR ANcheaaSYalia O NE
2009) In the PRISMA statement, there were four main phases in conducting a systematic review:

i) identification, ii) screening, iii) eligibility afidally iv) nclusion. Sectio 4.2.1discusses the details

of each phase, while secti@gh2.2discusseshe data analysis process.

42.1 Systematic Review Phases

Following PRISMA recommendations, fowain steps were followed in choosing the articles for

reviewing. Figur® shows the details of the four steps.

Identification
Results oflatabase searching .
(n = 5,569) 171 duplicated records excluded
Screening
Abstracts screening ,
(n = 5,398) 4,418 irrelevant records excluded
Eligibility
FuII-text_assessmg 533 technicakimed records exclude
(n =980)
Included

Records included for analysis
(n = 447)

Figure9: Thefour PRISMAtepsfollowed in thesystematicreview
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421.1 Identification

The first step in planning for the systematic review was to choose the searching database. In this
case, Scopus was used because of its multidisciplinary nature that is essential in the SW and
interdisciplinary health topics. Moreover, Scopus showed slightly higher consistent growth for both
publications and citations in comparison to the Web of SciemzkGoogle Schol@Harzing and
Alakangas, 2016)

In Scopus, there were several filtering options for the search process. The main step in searching was

to choose a combination of keywords that describe the intended literature. The chosen keywords
GSNBY G{SYIyiAO 2S0éx G[AY]1SR 5F0GFés az2yGz2f238¢é:
GKSIFE GKOFNBéd 1 ff (GKSaS (1Seg2NRa ¢SNB Lizi G23S0K

TITLEABSKEY ( ( "semantic web" OR "linked data” OR ontology OR rdf OR owl OR spargl) AND
(health OR healthcare)) AND DOCTYPE (ar OR cp) AND PUBYEAR > 2000 AND LANGUAGE (
"English™)

The second chosen searching option was lifgithe searching time frame from 2001 until the date

of the searched day, in July 2018. The beginning year of the time frame, 2001, was chosen because it
was the year when Bernetse wrote his first paper about the SBernersLee, Hendler and Lassila,
2001)

Finally the search process was limited to titles, abstracts and keywords for articles published in
journals or conferences in English. Any other languages or types of resource such as books or posters

were excluded.

After refining these filtering options on Sang the total number of resulted hits was 5,569. These
hits / records were downloaded into EndNdfEhomson Reuters, 2016 reference management
software, for initial sorting and filtering. 171 records out of the 5,569 were excluded due to

duplication, which left 5,398 records ready for the next step.

42.1.2 Screening

For the 5,398 records, a visual screening of the titles, abstracts and keywords was performed to

exclude any irrelevant articles. The inclusion and exclusion criteria were based on the meaning of

the search terms in the article. Some of the ugegiwords in the search query had other meanings

y2i Ay (GKS {2 O2yGSEG® C2NJ SEIF YLX ST Ylyeé I NIAOf S

tool for integrating datanot the Linked Data movement as in the SW context. Other records were
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excludesB Ol dza S G(GKS {S@g2NR W2y i2f238Q RAR y2i NBFSNJ

4,418 records were excluded, leaving 980 articles ready for the next step.

4213  Eligibility

In this phase, a deeper visual reviewing of the articles was performed to #neligiible ones. The
second condition in the inclusion/exclusion criteria was to exclude any articles that have a purely
technical aim, rather than a healtelated one. For example, the problem of data interoperability
between biomedical resources was swtered as a technical problem. However, if the problem
discussed interoperability between drugs resources in order to discover new drug interactions, then
it was considered to have a definite healiflated pharmaceutical aim and was included. The

numberof records excluded after this step was 533 out of 980.

4214 Inclusion

The final result after all exclusions was 447 qualified articles that discussed the use of the SW for a
health-related aim. A comprehensive review of these papers was conducted in ordedtthé

main health questions that were addressed and the main SW features that were used.

422 Analysis Methods

The analysis proce$sllowed a mixed approach between quantitative and qualitative; details of

which are in the following sections.

4221 Qualitative Analysis

For the qualitative analysis, the records were uploaded into N{Q&R International Pty Ltd., 2019)

I ljdzt €t AGFOGADS RIEGE FylFrfteara az2Fdol NBO® b+xAd2 gl &
For each paper, several codes were addddtiieg to the main aim, the question addressed, specific

topic discussed and the SW tools and features that were used. After collecting all these data, a

spreadsheet was employed to register the data as a matrix. The matrix can be found in Appendix D.

Thraugh a repetitive visual analysing and aggregating of similar aims and concepts, the researcher
managed to provide a classification for the papers. The papers were classified by the discussed
health aim and also via the health question being addressed oAawvel hierarchical classification

was provided in the form of a twievel taxonomy. For example, the work(bfatsiavast al., 2018)
aimed to detect adverse drug events by building an ontology for representing and sharing

information in thepharmacology field. MoreoveRahak, Kiefer and Chute (201&8)med to find
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potential adverse drug events , specifically ddrgg interactions, for prescribed cardiovascular and
gastroenterology drugs in the Mayo Clinic database. Both papers discussed the Adverse Drug Events
(ADES) tpic under the pharmacology umbrella. Thus, these two papers along with other similar ones
GSNB INRAzZLISR (123SGKSNJI dzyRSNJ KS WCAYRAY3I | ROSNE S

Following the same methodology, another taxonomy was provided for the SW features used in the
literature. These features were either mentioned explicitly in the papers or implicitly deduced from

the context.

It is important to note that both taxonomies were built by the researcher and then checked and
verified by another independent researcherdrder to check their consistency. Moreover, the

nature of the categories in both taxonomies is not mutually exclusive, meaning that an article may fit
in more than one category. For the heallim taxonomy, each paper was classified under the-best

fit classification, with no repetition being allowed. However, the taxonomy of the SW features had
joint sets and so repetition was allowed. In fact, it was the common case to have many features used

in one paper.
4222 Quantitative Analysis

For the healthaims classi€ation, a quantitative analysis was performed to identify the research
trends and any possible gaps in the literature. Two main steps were performed over the chosen
papers. Firstly, the number of papers in both of the ntegoriesand subcategoriesvere

identified and then the percentages were calculated. Moreover, two pie charts showing the division

of literature by the healttaimsand addressed questiongere provided.

Similarly, the second analysims performed by identifying the mosommon SW features used in a
IAGSY LI LISN® ¢KS LISNOSyidlF3ISa 2F (GKS FSI GdzNBaQ dz
showing the usage rates. The bar charts were chosen to represent the usage rates because the

categories here were joint sets and rejpen was allowed.

Finally, a twedimensional crostabulation analysis was used to show the rate / frequency of

employing the SW features across the hediims. Firstly, the SW features mentioned in each health

aimwere counted. Then the percentagelof ¥ S ( dzZNBE Q& dihBas dalulated. Thikse K S| £ (1 K
percentages were classified into four usage rates or range values for simplicity. The aim of this

analysis was not to focus on the exact number of papers using a specific feature, but to provide an

overview of the research trends in this field of literature.
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4.2.3 Limitations

The methodology of the study was limited by the defined inclusion/exclusion criteria, as well as the
available articles identified via the search database (Scopus) that was usedthhanalysis and
results achieved were limited by the collected sample data which did not necessarily cover the
whole interdisciplinary field of health research and the SMreover,the analyses, especially the
gualitative one, was human error prone the categorisation process was performed under, and
informed by, the besfit policy as mentioned earlier. Regarding SW features that were mentioned in
the literature, occasionally they were not identified explicitly by the author(s). When this omission
was the case, the targeted feature was discarded in the analysis, which meant that the analysis
showed the minimum number of the used features and not necessarily the actual number. The

purpose of the usage rate was to give a fair approximation of the rekdeends.

4.3 Results

The results of systematically reviewing and analysing the joint literature of health topics using the

SW technology are discussed in the next sections. The first achieved result is the health aims
taxonomy that maps and classifitee literature based on the health questions that were addressed

in the reviewed papers. The taxonomy chart, definitions, examples and usage analysis are discussed

in section4.3.1 The second achieved result is the SW features taxonomy that maps the main used

SW features in the literature. The taxonomy along with the definitions and usage analysis are
discussed in sectiof.3.2 Finally, a crosanalysis matrix, which shows the variance and similarities

of SW feature usage rates across heailtins, is shown isection4.3.3accompanied by a series of
SEFYLX S& FNRY (GKS fAGSNI GdzNB F2NJ YI LIWISR LI LISNE
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Health Aims Taxonomy

Health Aims

Diagnosis and decision support

Monitoring patients via sensor
devices

Treatment and drugs
recommendation

|| Examination using medical tools ¢r

devices

Finding causes of diseases

Promoting public awareness

Epidemiology and environment
surveillance

specialineeds people

Understanding social behaviours

Supporting clinical trials and
secondary use of EHRs

|| Clinical pathways and patients ca

plans

Clinical guidelineand policies

Training staff and supporting learn

Workflow, communication and
business processes

-

|| Supporting assistive technologies for

e

ng

Finding adverse drug events

— Pharmaceutical Aims

Discovering drugs

Testing drugs

FigurelO: Thehealthaimstaxonomy
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The health aims taxonomy was built by relying on the health questions that were addressed in the
reviewedliterature. FigurelOshows the healtltaxonomy that represents the reviewed literature.
The literature has been divided into four main health aimd & addressed health questions under

those four aims. The following section will discuss the four main anmdsaddressed questions.

431.1 Definitions of Aims
Medical Aims

ThisamA & NBf I GSR (G2 YSRAOFItT a0ASyOS:I 4KAOK A& 002
A0ASYOS 2NJ LN OGAOS 2F (KS RAI J@xa@ UrvErsityNad, 4 YSy i >
01/05/2019) The papers that discussed medical aims were categorised into fivassbi)

diagnosis, ii) monitoring, iii) treatment, iv) tools and v) causes of diseases.

Diagnosis and decision support

Diagnosisison2 ¥ (G KS YIAYy T OGAGAGASAE Ay GKS YSRAOFET FAS
condition based on known symptoms and signs. This topic was discussed by a big number of papers
in the literature. For examplBathaket al.(2012)aimed to identify genotypghenotype associations

to predict the possibility of developing type 2 diabetes and hypotidysm in a cohort.

Monitoring patients via sensor devices

This topic relies on the advances of technology employing sensors that are used to monitor patients
in the medical fieldPuustjarvi and Puustjarvi (2018)an example of a paper discussing the

monitoring of patients. This paper discussed monitoring health data generated from sensors at
home. Another example Stavropoulo®t al.(2016)where the authors report their aim to buila
monitoring system to support the elderly who are suffering from dementia. This initiative would
allow such patients to have an independent life by providing their care givers with feedback via their

measurement data being generated from wearable sensors

Treatment and drug recommendations

' FAOSNI RAFIAy2aAy3a + LI GASyGdQa KSFHEGK A&dadzsSs GKSAN
papers that discussed the idea of determining the best treatment plan for a pd&emtg Ching

Chenet al,, 2012) The authors built a recommendation system that helps doctors to decide which
anti-diabetic drug is most suitable for each patient. Another examplélahet al. (2017) where the

authors built a system that recommends medicine based on symptoms collected from sensor

devices.
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Examination using medical tools or devices

One of thenitial clinical processes with a patient is examining the symptoms they have to

determine their causeMaragoudakis, Maglogiannis and Lymberopoulos (2a@&ussed this idea

when examiningldgn lesion images. The authors developed an ontology for skin lesion images to be

used in decision support systems. Another example of an initiative isSioghet al. (2013) where

GKS dziK2NB AYLX SYSYGSR I NBOINASOFE agdadsdSy T2NL

medical images.

Finding causes of diseases

Finding causes for health defects is one of the most interesting biomedical reseaiGaitivada
et al.(2008)studied the causes afenetic diseases. The authors aimed to find diseasesal genes

whose mutations cause health defects.

Public Health Aims

I O0O2NRAY3 (2 GKS 22NIR I SIFHftGK hNAEFyAaldA2y 621 ho
and science of preventing diseag@olonging life and promoting health through the organized

STTF2NIa (Wdld Healtd ®dr§aniZaton, 01/05/2019)hisaim discusses public health related

topics, such as promoting awareness, epidemiology, assistive technologies and acceptable social

behaviours.

Promoting public awareness

Improvild G KS Llzof A OQ&a KSIt GK 1Y guasticBRistdssed iathepitfic 2 F (1 K
healthaim. One example of promoting awareness is encouraging people to have healthy diets; a
point made byWanget al. (2010) This paper offers an example of a health information system that
FyasgSNB dzaSNBEQ [[dzSNASE NBIFNRAYI GKSANI RAFNEB FyF
healthier lifestyle and therefore disease preieA 2 y @ | Y2 i KSNJ SEI YLX S Ay KA :
from Velmurugan and Ravi (2026) & K 2 FAYSR G2 AYLINR@GS LIS2L) SQa S

developing an allergy information ontology.

Epidemiology and environment surveillance

This topic included papers that focused on studying and analysing the distribution of diseases.

Sometimes, thestudy would take place in a closed environment, such as a hospital, rather than in a
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broader public scope. For exam@babarNejadet al(2012)studied how advances in semantic
technolog@g 62dzf R AYLINR @GS GKS | yI-If @adeiaNB B RA REBIGODN AR Y Q 2

Supporting assistive technologies for speer@eds people

Assistive technologies is a growing interdisciplinary field that is interested in employing technology
to help peciatneeds people, such as the elderly or individuals with disabilities. For example,
Baldassinet al(2017)aimed to support the elderly in maintaining a healthier lifestyle in their own
living environment by designing a virtual reality system for exercising. The system was ba¥éd on S

technologies that provide users with tailored physical exercises based on their health conditions.

Understanding social behaviours

Thisquestionincludes studies that investigate public opinions and behaviours about a certain issue.
For exampleBirjali, BeniHssane and Erritali (201&halysed semantic sudkil sentiments expressed

in social networks.

Health Management Aims

Thisaimdiscusses different business processes in a clinical context. Théké&rd I £ G K O NB
YEYF3aSYSyiQ Aa RSTFAYSR & @a&dzlJS NIDA SikaiiPstolfieét S F dzy O
al.,, 2017) The tasks expected from a health manager are directing and leading healthcare units to

provide the best healthcare services availai@dakiPistollaet al., 2017) Five different topics were

found under thisaim: i) secondary use of EHRs, ii) clinical pathways, iii) clinical guidelines, iv)

training staff and v) business processes adkflows.

Supporting clinical trials and secondary use of EHRs

Clinical trials are the type of experiments and observations involving patients in a clinical
SYGANRBYYSYylid alye NBaSINOKSNAR FNB dzaiAy3d LI GASy(s
@Ol wao a | a2dz2NOS TFT2N LI A Sy i emndiogafirgeNaVYRalA 2y | YR
demonstrated a system that automatically selects patients for recruitment to clinical trials by

semantically represding the eligibility criteria for the study.

Clinical pathways and patients care plans

/I fTAYAOIt LI GKgleéa KIFIGS 0SSy RSTAYSR |a WGKS 2 LJA
team of health care professionals for a particular diagnosis or paxégy &t al., (2008) This
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guestionincludes articles discussing finding / identifying optimal clinical pathways or care plans for
patients. For examplédlexandrowet al(2012)designed an ontology named SEMPATH (SEMantic
PATHways) that conceptusgid the domain of clinical pathways. Another exampfeois1 Wanget
al(2015F 6 KSNB (GKS | dziK2NB FAYSR G2 SyKEyOS |
clinical pathways. They used the SW to achieve datadpeability between EHRs and their

proposed clinical pathway ontology.

Clinical guidelines and policies

Thistype of questiongncludes any study discussing clinical policies and regulations. An example is
the work of Puustjarvi and Puustjarvi (201djhe authors aimetb keep clinicians informed about
NEBf SGFryid Of AyAOrf 3FdZARStAySa o6& [jdzSNEAYy3 (g2

guidelines.

Training staff and supporting learning

Thistype of questionsncludes studies that discuss clinical learrfmgphysicians or hospital staff.
An example of this topic is the work Bajenaruand Smeureanu (201H)at aimed to train

healthcare managers by developing atearning system.

Workflow, communication and business processes

This topic is considered together with managing healthcare processes. For exaamgiet al.

(2008, 2009aimed to enable healthcare users and administrators to create and manage medical
workflows and also to personalise them. Another exampl&aiddari, Malki and EImdeghri (2016)
where the authors addressed the difficulties in communicating between different healthcare actors.

They implemented a global unified system thatamges medical workflow between stakeholders.

Pharmaceutical Aims

¢KS YSIyAy3a 2F GKS G2NR WLIKIFNXYIF OSdziAOFf Q A&
2 NJ &Oxforfl ®niversity Press, 01/05/2018)ost of the papers in the pharmaceuticain

discussed adverse drug events, such as drug interactions. Discovering and testing drugs were other

topics that were discussed.
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Finding adverse drugvents

According tohe U.S. Departmendf Health and Human Services (no date) advese drug event

(ADE) is an injury caused from medical intervention related to a drug, regardless of whether it was:
a) medication error, b) adverse drug reaction, c) allergic reaction, or d) an overdosgaple of

this topic is the work oNatsiavast al (2018, where the authors built up an ontology for the
communication and representation of pharmacovigilance signals to help in preventing any possible

adverse drug events.

Drugs discovery

This topic focuses on discovering new purposes for existing drudiscmvering new drugs. For
instanceMcCuskeet al. (2014)aimed to discover ng purposes for existing drugs and new links

between existing drugs and diseases by building a drug repurposing semantic framework.
Testing drugs

Testing drugs is one of the most primary processes in producing drugs; however, few studies
discussed this tdp in the reviewed literature. One of those few washonenet al(2013) where
the authors developed a data warehouse hamed ToxBank for the purpose of representing and

supporting test replacements for repeated dose systemic toxicity testing on animals.
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43.1.2 UsageAnalysis

After defining the health aims and ttfferent types of addressed questioimamediately above,

this section focuses on analysing the usage rates for each of the dafimscand questionsThe
usage rate is calculated by counting the numbepaers which were categorised undecertain
category Table2 shows the quantity and the percentage of the categorised papers in each of the

four identified health aims and 17 stims(addressedjuestions.

Main Aim / Subaim Main Aim Subaim
N (%) N (%)

Diagnosis 119 (27%)
Monitoring patients 35 (8%)
Treatment 27 (6%)
Medical tools 20 (4%)
5A4SlasSaqQ Ol dz 15 (3%)
[REATEDEEE
Public awareness 57 (13%)
Epidemiology and surveillance 29 (6%)
Assistive technology 18 (4%)
Sociabehaviours 8 (2%)
Secondary use of EHRs and tri 22 (5%)
Patient care plans 16 (4%)
Guidelines and policies 16 (4%)
Learning and training 15 (3%)
Workflow and communication 14 (3%)
Pharmaceutical Aims 36 (8%)
Adverse drug events 19 (4%)
Drugs discovery 9 (2%)
Testing drugs 8 (2%)
Final Total 447 (100%) 447 (100%)

Table2: Theusagerates of thehealth aimstaxonomy'scategories
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Moreover, the literature division is represented by pie charts according to the health aims

categorisationFigurell shows the division according to the maiims, while figurel2 shows the

types of addressed health questions

pharmaceutica
8%

health

= medical = public health = health management = pharmaceutical

Figurell: Thedivision of the literature into four main healthims

Figurellshowsthe reviewed literature divided into four masims: ) medical, ii) public health, iii)
health management and finally iv) pharmaceutical. The medicahas the biggest share of the
reviewed papers with almost half of literature addressing medical questions (48%). A quarter of the
literature discussed puldlihealth related issues questions. The health managemiemtvas 19% of

the literature, while pharmaceutical papers represented only 8%. The next figure is a detailed

version of the literature division.
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Social behaviour

Workflow and communication 204
3% _
Drugs discover| Testing drug
Learning and training 2% 2%
3%
5AaSlkasi _ .
3% Diagnosis

i 0,
Guigelinesarw 27%

policies
4%

Patient care plan|
4%
Assistive
technology
4%
Adverse drug events
4%

Medical tools Public awarenes
4% 13%

Secondary use ¢
EHRs and trials
5% Monitoring patients

Treatment 8%

0,
6% Epidemiology and

surveillance
6%

Figurel2: Thedivisionof the literature according to the health stdms (addressed questions)

Figurel2 showsthe division of the reviewed literature according to the specific healtbstions

(subaima 0 @ ¢KS Yz2aild RA&OdzZA&SR (2LA O AdydzLOLB2SNII Ch (16SKNAF GliKdz
part of the medicahim; just above quarter of the literature addressed this type of question. The

second biggest topic comes from the public healitng K A OK A a WLINRY2(GAy3 Lzt A
13% of usage. Other popular topics aréliy 2 Yy A G2 NAy 3 LI GASyGa GAl aSyazh
epidemiologyy YR SYPBANRYYSyYy (i &adzNBSAtEFIyOSQ i > YR AR
also with 6%. All the discussed topics that have more than 5% representation in the literature are

either medical or public health topics. The health management and pharmaceutical topics have less
AKINE 2F GKS fAGSNI GdzNB® C2NJ SEF YL ST Wwa dzLJLJ2 NI A y
GKS tAGSNY GdzZNB ' yR GKA A& AAY RA VKD I RIKS NE S/ | RINGHYSS y9ig 9

the pharmaceuticahimwith a 4% share of the literature.
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In the following sections, the health questions (aims) that were addressed in the literature are
discussed according to their popularity in terms of usage. The health aims are divided into four
groups. The first one is the most popular questions that fesdun the literature, while the last

group includes the questions / issues that were the least discussed. Another two groups are for the
second and third most discussed topics for papers with usage rates in the range of between 5% and
15%.

The Most Disassed Health Aim

This group is for the aims that have a share of the literature that is greater than 25%., which is only

2YyS FTAY® WE¢KS RAIFIy2aAa YR RSOAAAZ2Y adzLILRNIQ | A
guestions and decision making procesthie medicalaimrely on the idea of defining rules and

conditions. This type of question tries to find new information from the associations of issues that

are already known, via inference. For example, to answer a diagnosis area question such as

G KSUKENSY (G - KrFra | ALSOAFAO RAASI&aSEs GKS Faazc
diseases need to be examined. Whether the patient has the disease or not will then be inferred

based on a defined rule.

In the reviewed literature, one of the studierhses wasMohammadhassanzadedt al.(2017)who

used querying and reasoning to find if a specific patient had hepatitis, based on known and inferred
information about that patientThese types of questions are frequently used in the medical field.
Therefore, these decisiebased questions are suitable to be used with the SW as it can offer logic

and reasoning features.

The Second Most Discussed Healthm

This group is for aims that have a usage percentage from 10% to 15%. The only aim belonging to this
INRdzL) A4 GKS WLINRPY2(GAyYy3 LWzt AO |6 NBYySaaQ FAY gA
amounts of health information available online. Théerof the SW here is to deliver the right health

information to the right user. Therefore, the majority of papers with this aim developed health

information systems that recommended personalised health information for the user.

For exampleZaman and Li (201g¢yoposed a system that suggested health content to social
network users, based on similarities of social profiles and behaviours with other users. All this
information was mapped to a defined ontgy to calculate similarity rates between users of social

networks. As a resultY f AHedhttiR@lated items by one user were suggested to other similar users.
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The Third Most Discussed Health Aims

This group is for aims that have a literature share in the range of 5% to 10 %. There are three aims

0St2y3Ay3a G2 GKAA INRAZIY A0 WY22YAG2NRAYy3 LI GASYy (s
NEO2YYSYRIGAZ2YEAQ YR AAALOD YRILAIRBIEIQT 2ERS I gzl B OIA

were 8%, 6% and 6% respectively.

Wa2yAd2NAYy3 LI GASyGa @Al aSyaz2N) RS@AO0SaQ Aa 2yS

hardware sector that have opened opportunities for the SW in managing the software controlling
these new devices. The SW was chosen in many of these projects for its integration and
interoperability capabilities. For instancgtavropoulo®t al(2016)used the SW technologies in
integrating heterogeneous sensing data (video and audio) with other physiological and

environmental measurements.

¢tKS aSO2yR FAY Ay GKA&a 3INRBdzZI Aa WaNBFGYSyd FyR
YSRAOIT FAY Aa OSNE aAYATINI (G2 (GKS WRAFIYy23aAaQ
RungChing Cheet al.(2012) the authors used SWRL rules and reasoning capabilities to decide

which antidiabetic drug was most suitable with patients having special conditions.

While the two mentioned aims earlier were from the mediaah, the last aimin this group

belonged to the public healtaim. Epidemiology and environment surveillance studies took place in
both closed and open environments such as hospitals or cities. In epidemiology and surveillance
studies, indicators measuring different heafthpects were monitored and the relationships

between these indicators were studied. The SW was used in these studies to model and link such
information. For exampleShabarANejadet al. (2012 modelled hospital acquired infections to be

able to detect risk by understanding the relationships between infection indicators.

The Least Discussed Health Aims

All aims mentioned in the previous groups were either medical or public health aine, thiki
group has a diverse codlitton of questions from all the aims. All thealth management and
pharmaceutical aims are in this group. This group has the biggest number of aims belonging to it: 12

aims with usage rates of less than 5%. The aims thiaing to this group are:

AO WSEFYAYIFGAZ2Y dzaAYy3 YSRAOIE (22f4& 2NJ RSOAOS

=
I.

aQz

assistive technologies for specidlS SRa LJdzLIAf a QX A Q0 WOt AYyAOFft tFGKg

WOt AYAOFE DIdMIRSEAQYSS 5O RVRAZY RAY I OF dzaSa 2F RAASH
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f SENYAYIQS GAAALD We2NJ FE265 O02YYdzyAOlIGA2y FyYR 6d
Wdzy RESNBEGFYRAYI 820A1t 0SKF@A2dzNR YR EAO WiSadAay

The papers that addresseblese aims used the SW for different reasons, depending on the research

aim. For example, the papers that used assistive technologies for supporting spessgilal pupils

were using the SW for its interoperability and heterogeneous integrating abiliti@&altassinet al.

(2017) theauthors used the SW tools to integrate heterogeneous information from three different
R2YFAYyayY 0 AYTF2NXNIGA2Y | 062dzi (GKS dzaSNNa KSIFf (K
fAGAYI SY@ANRYYSYld |yR O0 (KS dezhbgdeiizary halwa@ A Ol f Y

Another example from the pharmaceutiGmwas in papers aimed at finding adverse drug events.
Natsiavagt al(2018)aimed to detect any pharmacovigilance signals by linking different data

resources and by inferring new facts from the integrated data.

Another study found the reason faising the SW by health researchers was as a standard for
representing data to overcome heterogeneous integration issueShondrogiannigt al.(2018) the
authors used EHRs to find eligible patients for clinical trials. They used the SW technology here firstly
to integrate the heterogeneous EHRs written in different terminologies with the available semantic
clinical terminologies on the cloud. Secondly, the SW was used to represent the eligibility criteria

and retrieve the records of those eligible only from the integrated contents.
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Semantic Web Features Taxonomy
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The taxonomy of SW features was built relying on features of the SW mentioned in the reviewed
literature. Figurel3 shows themain and secondary features of the SW taxonomy. Five maiaréssa
were identified, while the sulieatures totalled 12. The following section will discuss the five main
features: i) data representation, ii) knowledge discovery, iii) data integration, iv) data sharing and v)

updating knowledge. Specific details Wil presented under each main category.

43.2.1  Definitions of the SWI E 2 y 2 Féaiufea

Data Representation

Data representation is about conceptualising and modelling a domain which can be achieved by

using ontologiesGruber (1995R SFAY SR |y 2y (2t 23& & &by SELX AOAC
02y OSLIidzZ t ATFHiA2YEéd hyi(d2ft23ASa 02y OydintgiS 2y |6
classes and relationships (World Wide Web Consortium (W3C), 2008). Ontologies can be used for

many things such as: a) representing and organising knowledge, b) data integration and c) sharing

and discovering new knowledge.

Building a newontology

Many reviewed papers aimed to represent a certain domain by building an ontology. For example,

Danget al.(2008)developed an ontology to describe a healthcare network including hospital

resources and processedduet al.(2012)built an ontology to represent clinical pathways and

treatment proceduresPuustjarvi and Puustjarvi (2016¢signed two integrated ontologies to
NELINBaSyld Of AyAOAl yaQ LINETAf SHMardgoudakiQWMaglygghathis f 3 dzA F
and Lymberopolos (2008)eveloped an ontology for skin lesions, wtliecarese, Wu, Kinoshitt,
al.(2008)modelled the neuro medicine field by developing a semantic web applicdtions

neuromedicine (SWAN) ontology.

Reusing ontology

The open biomedical ontologies (OBO) foundry is a collaboration involving developers of scientific
ontologies to set common principles for ontological developm@&mhithet al., 2007) One of the
h.h T2dzy RNEQa LINAYOALX S&a A& aO2YYAGYSyd G2 O2ft !

developers to rause other ontologies in order to avoid duplication andrease interoperability.

In the reviewed literature, some of the reviewed papers followed the principle-obee For
exampleHoganet al.(2016)developed ApollesV ontology to model the epidemiological domain of

infectious diseases. Around half of the used classes in the ontology are imported from other
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ontologies, either by importing the full ontology into ApelBY or sometimes by importing partial

parts of the target ontology.

Converting norsemantic data

Many ofthe available data is in namiple forms. In order to use such exceptional data in a SW

system, it must be converted to triple format. Some of the reviewed papers overcame this problem

by converting the needed data items and saving them as triplesripledtore. An example of a

paper that followed the conversion approach was@ggers and Dumontier (2015yhere PHP and

python scripts were used to transform EHR® RDF. In other cases, only the needed part of the

data was converted rather than the whole database. For example, in the Mayo clinic project for

cohort identification(Pathaket al, 2012F G KS LI 6ASy iaQ NBO2NRA 6SNB 1S
repository. To link this data with the rest of the semantic framework, the data was queried using SQL

and then the results were converted to RDF.

Knowledge Discovery

From reviewing the literature, three different approaches of discovering new knowledge were

identified.
Querying (exploring)

The querying process means retrieving information from the web of data by tesihgologies

(World Wide Web Consortium (W3C), no dafB) answer a query, one or more ontologies a

explored and any associations between data elements are traversed. Queries in the semedntic

are performed using SPARQL, a query language based on RDF triples. In the reviewed literature

Puustjarvi and Puustjarvi (201&med to disseminate clinical guidelines taidians. The
NEASFNOKSNE RS@OSt2LISR (g2 2yia2t23A8SaT 2yS T2N (K
profiles. By using SPARQL queries, they were able to retrieve the relevant guidelines for the

appropriate clinicians.

Reasoning over rules

Inference or reasoning is explained in the W3C website as an automatic procedure to discover new
relationships from known ones based on the data and set of (\l&wld Wide Web Consortium

(W3C), 2008)lexandrou, Xenikoudakis and Mentzas (2af¥jigned a semantic recommendation
system for personalising treatments. The system contained an adaptive clinical pathway ontology

and a set of semantic rules to represent thenghin. For instance, one of the defined rules in the
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aeaitsSy aidriSR GKFG aAFT GKS LI GASYyG A& FRYAGGSR
2F ySdzZNRf 23A0Ft RSFAOAGZ GKSYy GKS LI GASHed KEa 2
FLILJ @Ay3d (GKA& NHzZA S (G2 GKS F@rAfrofS LI GASydaqQ Rt

provided by the system.

Checking inconsistencies

Checking inconsistencies in integrated data is possible via infergiizahgadi, Nagar and Makwana,
2012) Chenet al(2012)built an anti-diabetic medicine ontology and used an inference engine
0t StftStuv 2 OKSOl FT2NJlye O2yFtA0la 2NJ O2y NI RAC

Data Integration

The main aim of the SW is to link data across the web. Therefore, it would be expected for the data
AYGiSaANI GA2yQa TSI lintheBiterdte. Dat intédBafiah lvas grialited by 2

defining and then linking ontologies together. For examgieré are many ontologies in the medical

field that represent diseases and treatment information, along with ontologies from the

LIKF NYF OSdzi A0t FASER NBLINBaSydAy3a RNUzZ NBfFGSR A
private records can open mgropportunities for health researchers to address different questions

on diagnosing, epidemiology and drug use and many others topics.

Locally

Integrating heterogeneous datasets when developing an ontology was performed widely in the
literature to show thestrength of the SW in facilitating data interoperability. For examBlaban
Nejadet al.(2016)integrated differentdatasets such as: a) hospital morbidity and discharge
abstracts, b) existing biontologies like infectious disease ontology (IDO), c) medical terminologies
and standards like SNOMEIT and ICB , and d) some other textual resources to develop the

integrated hospital acquired infections ontology (HAI).

Remote integration

Integrating data remotely can be done through a special feature in SPARQL, named federated query,
GKAOK Aad RSTAYSR o0& 20/ a aidKS | oA fnfoindtioni2 G 1S
FNRY YIye RA TWoBdNBdgE WebZandzxiing (HV8C), 2000)r examplePathak, R.

C. Kiefer and Chute, (201Bed federated query to enquire about drug interactiongngsdata from

the public drug data repository, DrugBank, in the LOD in their developed system. Moreover, in the
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same paper they performed another remote data integration by performing a federated query into a

converted relational database to RDF that conéal Mayo clinic electronic medical records.

Data Sharing

According to the W3C, "The Semantic Web provides a common framework that allows data to be
shared and reused across application, enterprise, and community bound@nesld Wide Web
Consortium, 2013) There are two forms of data sharing in this literature: public and private

approaches.

Restricted access

Health data is sensitive, especially if it deals with or involves accessing personal/patient records. Due

to this fact, many of the produced ontologies had restricted access. For exadryrg,Ching Chest
al.(2012RS @St 21LISR | NBO2YYSYyRIGA2y &deaidSy G2 o6S dza$s
I SFfdKd ¢KS aedadsSyQa FAY gla G2 FylteasS GKS NBI

—h ;U<

most appropriate antdiabetic drug for each case. As seen from this exantpig type of sensitive

data demands operating as a restricted access model, for authorised persons only.

Open access (LOD)

There are other types of health/biomedical data that represent a specific domain but which do not
contain any private personal infmation. Part of the reviewed literature represented such data as
ontologies and shared them publicly in the LOD. An example for this type of sharing was the Apollo
ontology(Hogaret al, 2016) The Apollo structured vocabulary (Ape8®) ontology represeed
infectious disease epidemiology and population biology phenomena. AWz freely available at

the LOD.

Updating Knowledge

hyS 2F GKS {2Q& IROFyGlI38a A& AGa FtSEAOAfAGE Ay
0SG6SSYy dzLRIGAy3 aOKSYl Q& (AygtishendidPhtliiak, R.\C. KiefeiRrandk 2 NJ
Chute, 2013)In the reviewed literature, a couple of papers mentioned the updating knowledge

feature; useful to correct wrong information or to add new information.

Manually

Usually, manual updating of knasdge is performed after consulting domain experts regarding the
2yG2f2380a RSaA3adIyd ¢KAA KILIISYSR Ay GKS {21! b LNZ
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medicine), which was an interdisciplinary project aimed to develop a semantically structured
framework¥f 2 NJ 0 A2 YSRAOIf RA&A02dz2NBS A(FiccafSelANR KimdghiiaS | a S a
et al., 2008) The developers of the SWAN ontology updated it manually after consulting experts and

scientists about their design.

Automatically

Another form of updating knowledge involves inserting newly inferred knowledge into the
knowledge base-Huanget al(2014)presented a semantic rulbased clinical pathway compliance
checking system. After reasoning®@& G KS O2 YLIX Al yOS NXz Sa F2NJ LI (A Sy

were added into the system automatically.
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43.2.2 Usage Analysis

After defining the SW features and giving examples about each one in the previous section, this
section focuses on analysing the usage(s) for each of the defined features. The usage rate is
calculated by counting the number of papers which used a specific feature. For the main categories
of the SW features, the average of the usage rate was calculated because repetition was allowed
between the sukfeature categoriesTable3 showsthe main and sulfeatures of the SW with the

usage percentage of each feature. From the reviewed literature five main SW features and 12 sub

features were identified.

Main/Sub-features Average ofSubfeatures Subfeatures
N (%) N (%)
Building new ontology 415 (93%)
Reusing ontology 232 (52%)
Converting norsemantic data 104 (23%)

Querying (exploring) 344 (77%)
Reasoning over rules 284 (64%)
Checking inconsistencies 26 (6%)
Data Integration 200 (45%)
Locally 377 (84%)
Remotely 22 (5%)
[PRSEE EEy
Restricted access 238 (53%)
Open access (LOD) 14 (3%)
[ L G
Manually 26 (6%)
Automatically 8 (2%)

Table3: Theusage rates of the categories in the sw features taxonomy
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Figureld showsthe main features in ascending order informed by the average number of papers
that included them. The average indicator was used rather than the total because it is not possible

to find the total for the susfF S| G dzZNBE A Q 3INRdzLJAaX a GGKS& NB 22Ayi

Q\
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A)¢

Theth 3KSald dzaSR YFAY FSFGdz2NB Aa WRIFGF NBLINBaSyGl G

NELINBaASyida FNRBdzyR pcz 2F GKS fAGSNI GdzNBo Wiy2sf
dza+ 3S3 FyR WRIGF Ay dS3aNI dAa2y asntaeivpSrion Witk 28%Rf ¢ A ( K
dzal 3SY gKAES (GKS t26Sad dzal 3S 41 a F2N WdzZLRF Ay 3
that the most important reasons for using the SW in the health research literature were for: i)

representing data, ii) discovieg knowledge and iii) integrating data.
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Semantic Web Sufeatures

Figurel5 TS dzal 3S4a NI S 2 FfeaiufeS aSYFIyiAO 6So¢

Figurel5shows theascending order in the usage of the 12 dabtures of the SW. There is a variant

in the usage percentage between the features. Half of the features are used by more than 50% of

the literature, while the other half has a very low percentage of usagemidst used feature in the
NEGASGESR fAGSNF GdzZNE Aa WodzAf RAYy3 ySteaeyThe2 t 238 Q ¢
WodzZAf RAY3 + ySg 2yiG2t238Q FSIGdaNBE | OKAS@Sa | @SH
GKS €SI ald dza SARy 3 S|l yi2deN(SS RES WddziR VGl GA Ol tf28Q gAGK

Due to the variations in the usage percentages of the features, the SW features are categorised into

four groups (quarters). The first group represents the most used features, with a usage percentage
greaterthan 75%. This group involves: i) building a new ontology, ii) local data integration and iii)

guerying. The second group (5dP4%) also contains three features which are: i) reasoning over

rules, ii) restricted data sharing, and iii) reusing ontology r&lee no features in the third quarter.

However, the fourth quarter housing the least used features totalled six features. Those six features

were used less than 25%. In fact, all the features in the fourth section had very low usage

percentages; fiverdggd § SNBR f Saa GKIFyYy wmagSTY IyAWAKO 2RASH KD 23/KRSAA

usage. The next sections discuss these groups in detail.
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The most used features

¢KS TSI GdNBE GKFIG aK2¢gSR GUKS KAIKSadG dzal 3S Aa wod
reviewed papers described the building of new ontologies due to the importance of the ontology as

the main building block of the SW. Ontologies have been used for different purposes such as

representing facts and rules in a domain, integrating data in amaptrable way, and discovering

new knowledge. For examplRBung Ching Cheat al.(2012)built a system to recommend

medications based on the personal condition of each patient. The main building block in the system

wai (062 AYUS3INIGSR 2yiG2t23ASaY YSRAOAYS IyR LI (A
personalised recommendations based on defined rules that associate specific medical conditions

with the features of specific medications. By using these defined rulesepatsented the domain,

new knowledge could be discovered as well.

Some of the built ontologies in this reviewed literature were repetitive, with the same domain being
the focus of interest in different papers. For example, there were several repottseduilding of
ontologies for clinical pathway#lurleyet al, 2007; Yest al., 2009; Alexandroet al., 2012; Hiet

al,, 2012; Huangt al,, 2014; Wanept al., 2015) However, this repetition was necessary in some
cases becauseaeh institution or hospital had its own regulations and policies, where each can be

slightly different than the others. Thus, it was not always possible-teseeother ontologies.

With a percentage of 84%, local data integration was used in the litera@me of the promises of

the SW was to provide an environment in which it would be possible to find and link data globally.
However, most of the data integration in the health literature was done at a local level. In many
cases, thiformatis due to the prsonal and sensitive nature of the integrated health data.
Nonetheless, in other projects the integration was performed on both levels locally and remotely
(Pathaketal, 2012 LYy | RRAGAZ2Y G2 Ay G S Josdlyianofhdrletekdd LI G A Sy
remote linkage was done via federated querying. The remote linkage was performed on general
biomedical ontologies in the LOD, such asstational medicine ontology (TMO) and sequence
ontology (SO). This type of remotely integrated data was used in only 5% of the reviewed studies.
This usage percentage is surprisingly small in comparison with the big promise of linked data and the
SW.

TS GKANR KAIKSAG dzaS 6l a F2N) WjdzSNEAY3IQ 4 17100
guerying explicitly, it was pointed to via indicators like retrieving RDF data or using SPARQL. On the
other hand, there were very few papers that reported theewf other querying languages such as

SQL. This type of querying was discarded as it did not involve using SW.
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The moderately used features

The moderately used features are those used in between 50% and 75% of the literature. Three
featuresareusedinthd NJ y3Sd ¢KS FANRG 2yS Aad WRAAO2GSNAY:
RSTAYSR NHzZ SaQd ¢KAA FSFHGdINBE aK26SR | cm: 2F dzal
inferential nature of the discussed health topics. Many of the discussed health tegaica decision

nature that was based on fulfilling conditions such as diagnosing. In addition, representing clinical
guidelines and policies as defined rules was another aim evident in the reviewed literature that can

infer new knowledge by using reasogitechniques.

Restricted datasharingand-tga A y 3 20 KSNJ 2y (2t 23ASaQ FSI Gdz2NBa OF
half of the papers. Again for the same reason of data sensitivity, it is not always possible to share

data publicly. The data is usually ownggda health institution or hospital and it contains large

amounts of personal information about patients, doctors, health situation and finance that is shared

within the institution and which should be viewed by authorised people only. Projects thatdshare

their data and published it publicly were never above the 3% level. The published ontologies usually
KFE2S + 0A2YSRAOIET yIFddz2NBE FyR NBLINBaSyd | ALISOATA
FLILIX AOFGA2ya Ay ySdz2NPYS RKOGheldRien2éZidcarése A/a, o{2!bv
Kinoshitaet al., 2008)and the ToxBank data warehouse in the pharmaceutical fiédthoneret al.,

2013)

Regarding reusing ontologies, this approach is usually deployed for medical standards and
GSNX¥AYy2f23ASad hyd2t23ASa frieliGne®kK & ywdDe & 1 8 BINKARIQSF
(SNOMED ¢ 0> G(GKS WYSRAOIf &dzo2S0G KSIFIRAy3IaQ o6aS{lov:
RA&aSIFrasSaQ oL/ 50 6SNB dzZaSR ONRIFIRf& Ay GKS £ AGSNI
terminologies to represent them. Usitlgese terminologies in a structured format helps researchers

to easily integrate those terminologies into their own work and therefore saves both time and effort.

Another type of reused ontology is biomedical, such as the gene ontology (GO), the infectiou

disease ontology (IDO), the translational medicine ontology (TMO) and the sequence ontology (SO)

which also were used in the literature addressing various health topics.

The least used features

There are six identified features in this category; fivdhwitower than 10% usage level. The one
SEOSLIiAZ2Y ¢4 &3 SWORWDSOIRIYEI ¢ 2¢/KA OK NB 3 Asénia®iblB R H 0372
data was used to ease the process of populating the semantic triple store with already existed data.

Some of the studig explicitly mentioned the conversion step, while most of the literature did not
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mention the populating step at all, or failed to explain how the process was achieved. The converted
RIFEGEFE OFy 6S LI GASYGaQ NBO2NRA edlyatakdt @200 S al 82 C
The conversion in this project was performed using the relational to RDF mapping language

(R2RML). Another example of converting instances is in the ToxBank data warehouse that consisted

of integrated public toxicogenomics data converted into RR#honeret al., 2013) In this project a

tailored tool was developed for the conversion process.

The rest of the features that were rarely used in the literature are: i) checking inconsistencies, ii)
updating knowledge manually or automatically, iii) data im&igpn remotely and iv) public data
AKINAYy3Id ¢KS fFad G662 6SNB YSYUuUA2ySR SIENIASNI AY

RFGF AKFENAY3IQ FSIFddz2NBao

Checking for inconsistencies in the designed ontologies was mentioned in some of tharitama
YWOKSOI-SNMNR ND aiGSL) dzaaAy3a + NBlFaz2ySNIFyYyR G4KS AyFSN
number of papers that explicitly mentioned using this feature is small in comparison with the

YydzY o SNJ 2F LI LISNAE GKIF G NB LNE SR wededuding mfershbsS | 4 2 y A y 3
capabilities to discover new knowledge, the rate of mentioning error checking was low because this

step might be considered as a testing step that was neglected by the authors. However, is important
tomentionerrorcheckf 3 KSNB +a Al aKz2¢a 2yS 2F GKS {2Qa Ol

and inconsistencies in the data.

wStFGAy3 (2Q OKSOlAYy3a FT2NI AyO2yaraitSyOAasSaQsx WwdzJk
mentioned a lot in the literature. ForthesameS | a2y a Fa Ay WOKSO1lAy3d F2N A
might be performed by the majority of projects, but was neglected. This updating feature reflects

the advantages of ease and flexibility when using the SW to change or update some of the defined

knowlede.
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433 I NXIyOS Ay !aAy3d (KSAMms2 Q& CSIGdNBa + ONRaa

{2 FINE GUKS NBadA §a aSOGA2y RA&aOdzaaSR GUKS KSIKf (K
previous sections, as well as their definitions and usage analysis. This section combines the results of

both taxonomies in a crogabulation analysis betwgé G KS {2 Qa TSI G4dz2NBa 2y (KS
main healthaims on the other hand. The purpose of this analysis is to show the trends and gaps in

usage rates of the features across the healiims. A better understanding of the addressed health

j dzSAGARQPEAQ2Y YUKS dzal 3S NI GSa 2F GKS {2Qa TSI (dzNE

understanding of the challenges faced and potentially available affordances.

¢tKS ySEG aSOGA2y aK2ga GKS (F odz | (&b follghedt @ aAa 27
08 | RAAOdzaaA2Yy 2F (GKS aAYATIFINARGE | yRamsA aLl NAGe
CAylftfes | fAad 2F OKz2aSy SEIFIYLX S& FTNRY (KS NBOJA
taxonomy, is provided at the end of this section to demoatgtthow the taxonomies were used in

mapping the literature.

43.3.1 Usage Analysis

Tabledshows(i KS dzal 3S 2F GKS {2Qa TSI {dASolnNgfera v | ONEP
GKS NBEPGASHESR fAGSNI Gd2NBd ¢ KS dzal 3 &k aluedlighSa ¢ SNB
blue for simplicity, as well as to highlight and demonstrate the differences and similarities in the

usages rates across the four headima Q O2f dzYy & @

There are some features that all théms agreed regarding percentage of use, wherether

features show some differences regarding their usage rates between thaiiosr For example, all

theaima | INBSR 2y dzaAy3a WodaAtRAY3I || yS¢g 2yiG2t238Q |
FANBSR G2 fSaaSN SEF SGAaa Ryl /G NWITYQ I 06 v¥ OB A0 S
FO00S&aa aKIFINAY3IQ FYyR 6A0GK RO WdzLRIGAYy3 (y26f SRISC
accessed of the main features. However, for the rest of the features there was a disparity in the

percentage of usage between the foaims.

¢KS dzal3S 2F (KS {2 Qa aslisdidzeditto two@Naariés: )ik S T 2 dzNJ K
features that register similar usage percentages acrossittme and ii) the features that do not. The

following sectioms discuss the two categories in detail.
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Health
Medical Public health Pharmaceutical
Management

SW Features / Health Aim

Data Representation
Building New Ontology
Reusing Ontology 2 (39%)

Converting Nossemantic Dat 2(28%) 1(10%) 2 (33%) 1(14%)

Knowledge Discovery

Querying (Exploring)

Reasoning over Rules 2 (42%)

Checking Inconsistencies 1(8%) 1(4%) 1(2%) 1(6%)
Data Integration

Remotely 1 (4%) 1 (5%) 1 (5%) 1(8%)
Data Sharing

Restricted Access _ 2 (33%)
Open Access (LOD) 1(3%) 1(2%) 1 (4%) 1(8%)
Updating Knowledge

Manually 1(7%) 1 (4%) 1 (6%) 1(3%)
Automatically 1(2%) 1(2%) 1(1%) 1(3%)

2 25%¢ 49% | Little used

1 0%¢ 24% | Least used

Table4: @I NAFyOS Ay G(KS dzas 2F (KSamSYlIyiAad 65004

¢KS {AYAfFNI CSIGdz2NB&aQ | al 3§

There are seven features that are agreed as being used at similar rates between theaimeslth

CA@®S 2F (KSasS FSIidNBa pKEtSYIioRSTOI (GGNBARI RE W
OFi832NE® W. dAfRAYI | yS86 2yiz2f238Q FyR WAYGSINI

ami s 6KAESY 0 WOKSOlAYy3 AyO2yaradsSyoOorsaqs
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automatOF f f 8 QF RO WNBY23dS RIGI AydS8anNntidizyo FyR $0

usage in all thaims.

All theaims agree on building new ontologies, which implies that this feature is a significant one for

any research aim. ToperformadyS Yl yiA O I QGA @A (e adzOK | & WIjdzZSNEA
to have / create an ontology before any action can be taken. This ontology is the semantic

framework that includes any defined elements needed in ensuing semantic actigitiabarNejad

et al(2016)said that an ontology is important for knowledge discovery and exchange, while

Horridgeet al(2014)emphasised that ontologies support data integration and link&gnget al.

(2008)explained that the importance of using ontologies is for machines to be able to reason about

objects in a specified domain, whi¥eet al(2009)Y Sy 6 A2y SR G KIF G 2y G2t 23ASa
due to their affordances idata sharing and reusing in a digital form. Therefore, the reason behind

the agreement of all healthims in using and building ontologies is understood as it is the main

building block for the employment of SW technology.

W[ 20 f e Ay hEssdhdideyteatuie wlhite Al th® ardiagreed on. Integrating
heterogeneous datasets is the core idea of the linked data principle. However, the integration levels
that have been performed in the majority of the projects were on a local level,lobaf This

orientation is usually due to the sensitive nature of personal health data. For example, in two cases
from the medical field: iPathak, Kiefer and Chute (20i2)egrated data for one institution: the

Mayo clinic and iiHuet al(2012)integrated the electronic medical records (ENiftliative in

Miyazaki University hospital. However, that local orientation was not always the case as the public
healthaimshowed a lower percentage of usage in comparison with the others (77%). This lower rate
could be related to the fact that some tife epidemiological projects integrated data on a larger
geographical scale and not a local one, as in the medical or clinical field. For irGipieceet
al.(2014)introduced a distributed medical data source grid network to support lscae
epidemiological analysis. The system used remote data integrata federating different databases
FNRBY K2aLAdlFrfaQ yR f1r0aQ NBY2030S aSNISNEO®

The other five features that showed the lowest usage rates in almd I NBY A0 WOKSO1 A
AyO2yaraidSyOASaQsr AAO WdzZLRFGAY3I PRW2AADORIAS eXATY deldk
WNBY23GS RIEGE AYydSaNIrdA2yQ |yR @0 W2LISy | 00Saa &Kk
SW community, at the rise of this technology, described the SW as a global data space where data
integration and sharing play an importamie (Shadbolt, Hall and Bernekee, 2006; Bizer, Heath

and Bernerd_ee, 2009)However, from reviewing the literature we can see that the researchers

used these two features intwoldd¥ F SNByYy G ¢l &a GKI G Ydzad oS FOlyz2ef.
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dzaSR KSI @Aafe Ay GKS fAGSNY GdzZNBZ odzi YvYzadte €20If¢
shared data was restricted and did not have open access. This restriction is due tdutteeafdhe
dzi SR KSIFfGK RFE{GlFIX gKAOK gl a ASYaAUABS | yR LINRGI (
records or data from private institutions. For this reason, the ability to perform public data sharing

or remote data integration was and still islted.

LY RRAGAZY (2 (GKS f2¢ LISNDSyGal3IsS 2F dzal 38 F2NJ
WOKSO1AYy3a AyO02yaraidsSyOrsaQ FyR WdzZRFGAyYy3 (y26f SF
0S 0SOlFdzaS (KS LI LIS NEhese leatniek &, Mibire likeéyNdScawdsy/thegel NB 2 F
features were used but were neglected to be mentioned by those authors. In all the cases, these two

FSEHGdNBE aK2¢ (KS {2Qa FtSEAOAtAGE AYy FAYRAy3a SN
¢CKS 5AaLINFridS CSFiddzNB&aQ | al 3s

There are five features that showed variance in the percentage of their usage among the four main
healthaimd @ ¢ KS FANRG 2yS A& WRAAO02OSNAYy3A (y26f SRIS
frequently used feature in all thaims; however, it showed ai¢hh level of usage in sonams whilst

2yte I Y2RSNIGS dzall3S Ay 20KSNERP® WLzt A0 KSIfGK
usage than other medical and pharmaceutamhda ® CNRBY NBGBASgAyYy3I GKS A G SN
feature was rarely mentiord thereby resulting in a low usage rate. For examBigali, Beni

Hssane and Erritali (201dipdertook a public health study that extracted Twitter data for senant

suicidal sentiments analysis. The authors did not explicitly mention using any querying techniques

and the focus was on analysing data using a machine learning algorithm.

YwSdzaAy3d 2y i2f238Q WNBI a2y AYy3dQT sthsgdieatwrdslng G NRA O SF
the literature. Around 50% of the reviewed papers in all dives reused some ontologies, other

GKIFY 6A0GK WLzt AO KSIfGKQY 6KAOK &I arelttdi SR |G G K
ontologies in the reviewed public healtbhcused papers was noticed. Public health is a briad

that discusses different topics which were not necessarily represented before as ontologies. On the

other hand, the available ontologies are mostly of different biomedical nature that are not

necessaly be used in the public health projects such as the gene ontology (GO) and the infectious

disease ontology (IDO). In addition, there are many available dalg®d ontologies such as the

drug ontology (DrOn) which were mentioned by the medical andmhaeutical papers. Another

heavily used type of ontology is the clinical category, such as: i) the medical subject headings

(MeSH), and ii) international classification of diseases (ICD). All of these types of ontologies were

heavily used inall healthimd = SEOSLIJi T2 NJ WLzt A0 KSIf iKQo®
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wS3IIFNRAY3I GKS WNEI a aiyivsell FeQsoring thainuzst B moredithas 75%;SRile O |
GKSNBE 6SNB Ylye dzaAy3a NBFaA2yAy3d Ay 020K GKS WKSI
(50%- 75%). Public healtvas theaimi K G f S 4G YSyGA2y SR WNBFazyAy3aq
relatively low level can be related to the nature of the discussed topics with public health aims in

oppose to the medical papers that demands some kind of decsigport and ruleslefining, such

as in diagnosing systeniBathak, Richard C Kiefer and Chute, 2012; Mohammadhassareaaleh

2017)or deciding on the most suitable treatme(Rung Ching Chest al,, 2012) There were topics

in health management that were also related to supporting decisions such as deciding on the best

care plan for a patientAlexandrou, Xenikoudakis and Mentzas, 2@f¥&he best way to

communicate in hospital workflon@elson and Sen, 2014 harmaceutical topics, like finding

adverse events between dru@atsiava®t al., 2018) or discovering new drugdcCuskeet al.,,

2014)also relied on finding new knowledge from a series of already known information. The nature

of this kind of topic was verguitable for use in reasoning over defined rules.

wS3IAFNRAYI WiKS NBAGNROGSR RIFGF &K NMFysaddhisT SI G dzNB 3
feature. The exception was the pharmaceutical articles, where the usage was around the 30% level.
Pharnaceutical papers showed less usage than the others because the discussed topics that

demanded some type of sharing information were related to the treatment of patients or finding the

correct drug to treat a particular disease. Those types of topics vaegyorised under the medical

aimin the health aims taxonomy. Therefore, the percentage of data sharing featured was only

represented by topics addressing pharmaceutical questions from a biomedical point of view, rather

than a medical perspective. Forexadh S | ISy SNI f [[dSaGA2y fA1S oKl
Yy I ROSNARS S@Syid o0Si6SSy (KSYKeézX odzi y2a Failay3
biomedical pharmaceutical type of questions usually do not depend on personal private itifomma

thus there was no need for restricting any sharing of the data. In fact, between thaifosithe
pharmaceuticahim showed the highest percentage of publishing data in the LOD. Adlithehad

low citation rates in general; however, the pharmadeataimwas the highest among them.

CKSNBE gl a | fAGGES ABYVBEFI2D RKKSI QOFFEOENANBY S3OYRE y
medical and health managemeaimda dza SR A G Y2NB GKIyYy WLzt A O KSI f (
usage rate could bdue to the fact that bothaims (medical and health management) used some real

LI GASYyGaQ RFEGFEZ &adzOK a FNRBY St SOGNRBYAO KSIFfadaK N
relational databases. Therefore, to save time and effort automatic conversion tools were used to

change ths type of data into RDF. Examples of such cases inekttiak et al.(2012h the medical

75



Chapter 4

aimthatdza SR G KS al &2 Of A yHu@ A.J20R)n the headth MeBagamdzidis > 2 NJ
that mapped the electronic medical records (EMR) in Miyazaki University Hospital, Japan.

43.3.2 Examples
In this section, a list of examples for each of the addressed health questions demonstrates the

RAFFSNByYy(d {2 FSIGdzNBa GKIG KIFEI@S 0SSy dzaSRe ¢KS

templateto map the literaturein all the examples.
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Figurel6 highlights the used SW features in the workPathaket al. (2012) The authors in this

paper aimed to identify genotypphenotype associations to predict the pdssity of developing

type 2 diabetes and hypothyroidism in a cohort. The SW technologies were used to represent and

i dzS§NE LI GASydGaQ RFEGE &aG2NBR G (KS aleé2 Ot AyAr0Qs
parts: i) accessing data, ii) RDF mappimg)id) querying. The data was accessed from the Mayo

Ot AYyA0Qa o6A260ly] F2NJGKS 3ASy2YAO REGE FyR LI GASY
was converted into RDF data and then mapped into existing biomedical ontologies in the LOD; for
example;a) translational medicine ontology (TMO) and ii) sequence ontology (SO). Finally, the

system was provided with a SPARQL endpoint to enable the linked data to be queried both locally

and remotely.

Figurel7represents the work oPuustjarvi and Puustjarvi (2015)his paper discussed semantic

interoperability in exchanging data between devices and services in an 10T and ifbaked

systems. The topic was about nitoring health data generated from sensors at home. The authors

Ay UGKA&A AYAGAFGAGS RS@OSE2LISR F YFAYy 2yiG2t23e yI Y
LINPOS&dad ! y20KSNJ 2yG2t23e GKFG gFa AyaSaNIGSR gA
oni2f 238 GKIFIG 2FFSNBR | 00Sa G2 GKS dzaSNINa LISNA?2Yy
KSFf K NBO2NRQ 2yid2t23& gla tAYy{SR (G2 0G4KS WwWgSt Tl

QX

both ontologies. The authors mentioned in their paper thilwantage of using SPARQL for querying

data as it enabled the user to search multiple datasets in one query. Also, it provided a mechanism

to query data remotely by using the SERVICE keyword to query a SPARQL endpoint. This project

mainly aimed to emphasise K S dzaS 2F Wt Ay 1SR RIGIFIQ LINAYyOALX Sa .
took place on two levels: locally and remotely. The local integration was in linking different
2yG2ft23ASazr 4dzOK a WK2YSQ YR WgSt TherdBRels s KAt S

using federated querying.

Figurel8shows the work oRung Ching Chet al. (2012)with a SW features taxonomy. The

authors built a recommendation system that helped doctors to decide whichdsabietic drug is

most suitable for each individual patient. The system contained two ontologies: i) medicine and ii)

LI GASy(Ga 2yi2t23AS5ad ¢CKRAVISRAOA REUBZAAWNI 2228 2413
A0 GKS RNHZAAQ | 0 GMNAD driy6R A MMD LIBAIA @FS RABRRSE yHRT TS
2yG2ft238 gra o0dAfd F2NI GSAdGAY3I LdzN1LI2asSa oAGK aey
LI NI 2F GKS aeadsSy grha GKS {2w[ NMHzZ Sa GKIFIG RSTAY
Inference was performed into two levels: i) by using Pellet to check for inconsistencies or clashes in

the antidiabetic ontology and ii) via help from the Java Expert System Shell (JESS), through which
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potential prescriptions for the patients was inferred framk S NMzf S& | yR GKS LI GASY

This project was limited in the level of integration and sharing processes.

Figurel9represents the work oMaragoudakis, Maglogiannis and Lymberojos (2008)n

developing medical tools. The authors aimed to develop an ontology for skin lesion images to be
used with decision support systems. The ontology was developed using OWL to exploit the reasoning
ddzLILI2 NI Ay 3 TSI ( dzNBandbpropeiti€s wary deitnedzbased®a ext@étingd a S a
features and descriptions from medical images. For example, the ABE D dermatology was

used in the design meaning that: a) the asymmetry, b) border structure, c) variegated colour, and d)
the differential structure features of the skin lesion were all considered. The ontology was beneficial

by allowing dermatologists to retrieve and infer based upon existing database instances.

Figure20 highlightsthe used SW features in the taxonomy@iidivadaet al.(2008) The authors
FAYSR G2 A R ytitians hat cAdse dis8ageS. l6ey collected their data from multiple
genomic and phenomic resources such as the gene ontology (GO), mammalian phenotype (MP)
ontology among others. The ndRDF resources (tektased resources) were converted into RDF
first, and then linked to the rest of the ontologies to form a BROF linked data space. Each
resource was scored depending on its priority. SPARQL queries were used to retrieve gisease

relationships, after finding the relative score of each result.
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Figure21represents the work ofVanget al.(2010)on promoting health related public awareness. A

very popular topic in the public health domain is the subject of food/diet. This paper was an example

2F | KSFHfOGK AYTF2NNIGA2Y aeéadSYy GKFG FyagSNBR | dzf
diary d their food consumption. The aim was to have an improved healthier lifestyle resulting in

disease prevention. The authors developed two ontologies: a) the first represented the
F22RKYdZiINRGAZ2Y R2YLFAY FYR 61 a yI Yérsonalipkole WF22RQ 2
ontology that represented some specific personal factors like gender, age, height, and weight.

Moreover, the system was provided with expert designed rules that helped in the decision regarding

the health status of the consumed food.

Figue 22represents the used features in the workS®tiabaANejadet al.(2012)on the topic of

hospital surveillance: how advances in semantic technology could improve the analysis and

detection of hospitalacquired infections (HAI). The researchers introduced the HAI ontology (HAIO),

which represented a common understanding of the infection control domain and a means to achieve

data interoperability in the area of hospitatquired infectionsHAIO was part of the HAIKU

framework, which provided recommendations for infection control, risk detection and stratification.

¢2 0dZAfR 1! LhE YlIyeé RIFIGFE NBaz2dz2NOSa 6SNB AyidSINI
guidelines and/ or iii) biomeadal ontologies. SPARQL queries were used to retrieve data. The

authors aimed for the HAI ontology to be-used in many healthcare contexts.

Figure23represents the work oBaldassinét al.(2017)on assistive technology. The authors

designed a system based on virtual reality and S#kirtelogies. The system provided a domestic
environment for elderly users where they could perform specifically tailored physical exercises
based on their health conditions. The authors designed three ontologies to model: a) their health
conditions, b) thdiving environment and the used sensor devices, and c) their physical
measurements. The knowledge in the ontologies was extracted via a SPARQL endpoint. Moreover,
reasoning over defined SWRL rules was performed to derive new information, such as theeexerci
workload needed for each user. The data collected by the system were saved as reports and shared

with the intended caregivers or clinicians.

Figure24representshe work ofBirjali, BeniHssane and Erritali (2017)he purpose of this paper
was to analyse semantic suicidal sentiments expressed in social networks. A machine learning
algorithm was proposed to compute semantic analysis for extracted Twitter datanBtysing the
similarity of the words or terms, the authors used the WordNet lexical database. The extracted

tweets were integrated locally and the terms within were mapped to an ontology.

81



Health Management Examples

Building New
Ontolog

Data
Representatio

Reusing an
Ontolo

onverting
Data

xploring
guerying

it

Knowledge
Discovery

_IReasonmg [
Rules

-

SW Features
I

Updating
Knowledge
Integration

ecking
Inconsistenciep

Manually
Automatically
Remotely

Locally

Data Sharing

Restricted
Access

o
°
@
=
>
Q
o
@
(2}
2

r

Figure25: An Example for 'Supporting

clinical

secondary use of EHRs'

trials and

Ontolog

O
=
=
=)

«

2
(]
S

Data
Representatio

Reusing an
Ontolo

onverting
Data

xploring
guerying

il

Knowledge
Discovery

_IReasonlng over

Rules

Ll

SW Features
I

Knowledge

Integration

ecking
Inconsistenciep

Manually
Automatically
Remotely

Locally

Data Sharing

Restricted
Access

o
=]
@
5
>
Q
Q
@
7]
iy

Figure26: An Example for 'Clinical

pathways and patients

care plans'

Bullding New
Ontolog

Data
Representatiol

Reusing an
Ontolo

onverting
Data
xploring
querying

il

Knowledge
Discovery

_I Reasoning over

Rules

e

SW Features
I

Knowledge

Integration

ecking
Inconsistenciep

Manually
Automatically
Remotely

Locally

Data Sharing

Restricted
Access

o
S
@
5

>
[+
Q
@
7]
2

Figure27: An Example fdClinical

guidelines and policies'

Ontolog

v
c
S
=

«

7]
@
=

Data
Representatiol

Reusing an
Ontolo

onverting
Data

xploring
querying

il

Knowledge
Discovery

_I Reasoning over

Rules

e

SW Features
I

Knowledge

Integration

ecking
Inconsistenciep

Manually
Automatically
Remotely

Locally

Restricted

Data Sharing

o
S
@
5

>
[+
Q
o
7]
2

Access

SW Features

Chapter 4

Ontolog

U
c
=
S
Q@
d
)
2

Data
Representatiol

Reusing an
Ontolo

onverting
Data

xploring
guerying

il

Knowledge
Discovery

_IReasonlng over

Rules

——

Knowledge

Integration
Data Sharing

ecking
Inconsistenciep

Manually
Automatically
Remotely

Locally

Restricted

(@]
°
@
=]
>
o
Q
@
1)
s

Access

Figure28: An Example for 'Training stafi Figure29: An Example for "Workflow,

and supporting learning'

communication and

business processes'

0o

2



Chapter 4

Figure25 highlights the used SW features on a taxonomyGbondrogiannigt al(2017) The

authors demonstrated a system for automatically selecting patients for clinical trial recruitment by
semantically representing KS St A3A0AfAdGe ONARGSNAIFI® ¢KS& RS@St 2
ONRGSNRIFQ 09/ 0 2yd2f238s sKAOK 6l a aKINBR 2yt AyS
AYGSNYFGA2yFE Ot FaaAaUlO0FdA2y addandylat @dOKa x BOINKE
RA32SIH&a283aQ 6L/ 5mMn0us WOKSYAOLIt SydadAasa 2F oAaz2f 23A

retrieving the criteria data after translating them from XML.

Figure26represents the work afllexandrouet al. (2012)in modelling clinical pathways. The authors

designed an ontology hamed SEMPATH (SEMantic PATHways) that conceptualised the domain of

clinical pathways. SEMPATH linked three different domains under its umbrella: i) medical, ii)
organisationalandiiv Uy yOAlI f & LyGSNBadAy3ates 2yS 2F GKS
the ability to update knowledge in retime. Moreover, semantic web rules (SWRL) were used in a

case for discovering new knowledge about the human papillomavirus diseases drehttnent

pathway.

Figure27represents the work ofPuustjarvi and Puustjarvi (201&) a SW taxonomy. The authors

aimed to disseminate relevant clinical guidelines to clinicians. They developed two ontologies: a)
WLINRPTFAESQ 2yiG2f238 gKAOK NBLINBaAaSYiGSR GKS Of AyAc
represented the associ&tR I dzA RSt Ay Sa F2NJ S OK Of AYAOALlyQa NEPf

ontologies, the relevant guidelines were connected with each clinician.

Figure28 demonstrates the work oBajenaru and Smeureanu (2018) a SW taxonomy. The
authors developed an-Earning system for the purpose of training healthcare managers. The

ontologyrep6 8 SY i SR (KS adGdzRSyiQa LINRFAES FyR GKS €SI N

each user was personalised, based on their profiles by inferring over defined rules.

Figure29represents an example of clinical workflow topicgnget al(2008, 2009) The authors

aimed to enable healthcare users and administrators by creating and managing medical workflows
as well as personalising them. The team developbéalthcare ontology that represented hospital
resources and business processes to be implemented within a workflow management system. The
data in this project was retrieved and saved using relational database technology. Business rules
were definedwithin the ontology to manage and update the available processes for physicians to

handle.
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Figure30represents the work oNatsiavast al.(2018)in finding / preventing adverse drug

events. The autbrs built an ontology for the communication and representation of
pharmacovigilance signals to help prevent the occurrence of any possible adverse drug events.
This project was part of the pharmacovigilance (PV) field, specifically focusing on adveise even
and signals detecting. The authors developed a new ontology named openPVsignal ontology that
NELINBASYGiSR YR &aKINBR aA3ylf AYTF2NNIOGAZ2Y AY
oFaSR 2y GKNBS GeéeLlSa 27 t + ainfackylitafs Ndwklditér, ii)NB a 2 d:
NELIR2NIa FNBY GKS bSGKSNIIFYRa LKINYIFO2FAIAL Y
the FDA drug safety communication. The design of the ontology was based on the FAIR (findable,
accessible, interoperable, and-usable) data principles; thus it was publicly accessible.

Moreover, the second aim in this project was to exploit the automatic reasoning features of the

SW. Part of designing the ontology involved defining rules that represented the communicating of
knowledge in PV. The reasoning was performed over the designed rules to find similarities in the

data or interlinks between them.

Figure31 highlights the work oMcCuskeet al.(2014)on a SW features taxonomy. The authors

built a drug repurposing semantic framework to discover new links between existing drugs and
diseases. They named th&rNJ YS 62 NJ WNBLIzZNLIZ AAy3d RNHzIA 6 A (K
built a data repository for the relationships between drugs, proteins and biological processes. The
data was borrowed from existed biological, pharmacological, disease and gene ontsloghiess
WRNHZAO6FY1Q YR WwW3ISyS 2y{iz2t238Q o6Dhod 'y 2yiz
provided to be used as an indicator for the quality of the integrated information. The confidence
measure was calculated based on the opinions of biochemispgrex Reasoning was used via

SPARQL queries to classify the asserted information, based on quality.

Figure32maps the work oKohonenet al(2013)on a SW features taxonomy. The authors

developed a data warehouse namétii 2 E6 | y1 Q F2NJ G KS LlzNLR2gS 27
GSaid NBLXIOSYSyida T2NJI NBLISIFGISR R24S aeaidiSyao
warehouse consisted of an integrated public toxicogenomics data such as the FTGRTES) and

the DrugMatrix datasets, and existing ontologies such as the geneoggt¢GO). The authors
developed a tool for converting the data into RDF. The needed data was accessed via a query

engine. Any updated or new documents were added to the system via a provided GUI.
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4.4 Discussion

By systematically reviewing the literature, tiexonomies were produced that mapped the

health research literature exploiting the SW approach. The health aims taxonomy answered the
first research question by addressing the types of health questions, while the second taxonomy
answered the second resesdr question by highlighting the SW features used in the reviewed
literature. The third research question, concerning the affordances and challenges faced when

using the SW approach, is answered in this discussion section.

The discussion is divided intoréie main sections, detailed below. The first section is about the
health questions that were addressed in the literature, together with details of their main
characteristics. The second section discusses using the SW features in the literature in geheral a
is therefore spread across the four headtims. The last section analyses the noted affordances

and challenges in the relevant literature.

44.1 Addressed Health Questions

The review revealed four maaims for the health questions in the literature thatVebeen
addressed, thaims being: i) medical, ii) public health, iii) health management and iv)
pharmaceutical. Under each maaimthere were a number of health questions (topics) that were
addressed. In total, they were 17 health sains or addressedugstions. The biggest share of

the literature, almost half, addressed medical questions. More than half of these medical
guestions were diagnostic in hature. Coming next in the percentage of usage in the literature is
the topic of promoting public awareneswithin the contextuahim of public health. The next

topics on the list of sidaims with lower usage rates are: i) monitoring via devices, ii) treatment

recommendations and iii) environment surveillance.

By analysing the aims behind using the SW to ansingse types of questions, specific
characteristics of the addressed topics were identified. The characteristics or the nature of the

addressed questions were:

guestions relating to decision making
guestions depending on heterogeneous daitegration

guestions aiming for personalisation

A 0w N PR

guestions relying on the availability of web information
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The best example to illustrate the decision requiring nature in a question is in one that is
diagnostic. During diagnosis, several decisions need to be reached based on factors including
symptoms and health status, which can be represented as a logieabhadbolt, Hall and

BernersLee (20063 G F 1 SR GKI &G 2yS 2F GKS {2Qa OFLIOGATfA
any relationships between them, but also rules and logiakstents. Thus, decisiemased or
decisionrequiring questions were successfully addressed by using semantic rules and the power

of reasoning using logic.

Many health questions depend on linking different topics to find an answer. This situation is very
similar to connecting pieces of puzzle to achieve the final answer. The main promise of the SW

and LD is to be able to connect data on the WBlzer, Heath and Bernetee, 2009)Sagotsket
al.(2008)mentioned that interdisciplinary lifeciences are powered by data integration on the

web. The reviewed literature gave many examples of heedtfitric questions involving different

types of data integration. For example, there was a type of question that involved integrating data
generated frd Y A0 KIF NRg|F NBX adzOK I(RuushdrviahdPyustiardg, Y 2 y A
2015) ii) medical examination devic@8laragoudakis, Maglogiannis and Lymberopoulos, 2008)

or even iii) using assistive technology devicesfmciaineeds peopl€¢Baldassinét al.,, 2017)

Other questions demanded integting administrative data such as hospital guidelines and

policies(Puustjarvi and Puustjarvi, 201@y hospital process workflow®anget al., 2008, 2009)

Another popular type of integration was linking patientoeds or EHRs with other forms of
biomedical ontologies or clinical terminologies. Many of the mediga¢ questions used this type
of integration: i) for diagnosin(Pathaket al, 2012) ii) for prescribing treatmentkung Ching
Chenet al,, 2012) iii) for making care plar(¥Vanget al., 2015) and / or iv) for selecting patients
for clinical trialChondrogiannist al.,, 2017) Chordrogianniset al. (2017)endorsed the

importance of the existence of considerable amounts of controlled clinical terminologies and
standards to be used for the purpose of representing and exchanging information for clinical
studies.Zenuniet al(2015)conducted a systematic review about the most used published
healthcare ontologies and semantic data repositories. The review included examples like SNOMED
CT and LOINCS for ontologies and CardioSHARE and Bio2RDF for semantic repositories. The
authors believed that the growth of health data in the web is rapid but still ingemantic
proprietary formats. It was also pointed out there is still a lack of fisendly semantic data
interfaces. These two important usadjeiting factors play a big role in encouraging health

researchers to start using the SW.

¢KS UKANR OKIFNIOGSNRAAUAO NBfSOryld T2N I RRNBa

aggregaitng data on a persondével. Personalisation can be considered as one type of data
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integration but for personal data only. Traditional linking methods in the health field involved the

linking of personalised data by third parties centres in order to na@ndata anonymityKotwal

et al,, 2016) The traditional linked data approach was used in the health research community to

givean overview both breadth and depth when addressing the tested sa(falister, Jorm and

Leyland, 2016)In the SW approach, questions involvpegsonalisation were found in clinical

aShdAay3a adzOK Fay A0 I&yyr&ating geisghaised treatNdaitpiang oy G Q&  1j dzl £ A
patients(Wanget al,, 2013)and ii) in personal health information web services that provide

targeted health information for every individuglVanget al., 2010)

The latter example also described the final characteristic of the addressed quastibesSW

approachBernersLee, Hendler and Lassila (2061  § SR Ay GKSANJ I NI AOE S I 062 dzi
{SYFLyGAO 2SS0 A& y2G | &aSLINIGS 2806 odzi Iy SEGSyaaiz
was also usd to consume health information broadly distributed on the wBhblic health

systems that aimed to promote health information, were built to access the available information

on the web and produce electronic personal health consultants, as in the peegiamplgWang

et al, 2010) These types of papers were similar to the literature review carried oiylsgnbach

(2003) The reviewconcentrated only on papers discussing health information consunsimg u

the SW. The author concluded that the SW may open more opportunities for health information

consumers by finding and aggregating information. However, this outcome might lead to

overlaying on the web as a source of health information.

4.4.2 The SemantcWe Q& CS I { dzNB &

¢tKS aSO2yR LI NI 2F (GKA& Od2NNBy(G aiddzRéeQa NBOGASS o1t a
features in the literature. A SW features taxonomy was provided, which contained 12 features of

the SW technology, categorised under five maiims. Thethree most used features in the

literature were: i) representing data via building ontologies, ii) local data integration and iii)
RA&GO20SNAYy3 1y26ft SRIS GAl W|jdzSNEAY3IAQd /2YAYy3d ySEG |

data sharing and vi) rasing ontologies.

Bernersf SS f A0SR T2dzNJ Nz Sa F2NJ f AylAy3a RIEGE Ay 6KI G
(BernersLee, 2006)The first principle focused on the concept of data representation by using

URIs for naming. The second and third principles were concerned with defining data properly to

enable data sharing by using look able URIsstmddards foproviding useful informationThe

last principle was all about including links to others work to enable data integration amkre

From reviewing the SW health literature, the concept of data representation was used widely via

the developng and creating of required ontologies. Ontologies play a crucial role in the SW
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technology as they form the core technology that the rest of the SW features reli&haban

Nejadet al.(2016)said that the representation, exchanging and discovering of data are enabled by
ontology use. Thus, there was no surprise when seeing the high usage rate for building ontologies
across all healtims, as reported in the reviewed literature. It seems that most of the literature

fulfilled the first principle of LD.

The second and third principles were concerned with how to use standards and proper data
representation to enable datsharing. Part of the principles reflected the concept of data
representation but was mostly focused on the purpose and process of data sharing. The review
showed a very low level of sharing data publicly in all types of health research. Rare examples of
this sharing include: a) the Apollo structured vocabulary (Ag8\) projecHogaret al., 2016)

b) the SWAN (semantic web applications in neuromedicine) ont¢l©iggarese, Wu, Worg al.,,
2008)and c) the ToxBank data warehou&®honeret al,, 2013) It was noted that most of the
projects used restricted data sharing for security reasons. The results of the reviewed literature
showed that the second and third LD principles were not fully followed, unlike the situation with

the first principle.

¢KS fFraid [5 LINAYOALX S SyO2dz2Ny ISR {2 dzaSNmBR G2
principle could be reflected by the use®f2 (1 K WRI (| A ydaaSAayNg (2Ay20y2 2 JYARS
FSIGdNBaQod {fAIKIGE & Yusedbtheiskontofogids infalfof theFopids K S & &
except for public health research, where the use rate was even lower. The typessdde

ontologies were mre biomedical and clinical in nature and did not fit with the public health

topics. Moreover, the concept of a united global database or interlinked global datasets was not
met. Many of the reviewed systems failed to define mappings to others resourqges\ide

F00Saa (2 GKSANI RFGF® WCSRSNIGSR |jdzSNEAYIQ ¢
majority of the projects used local data integration in their systems. The fourth principle for
RSTAYAY3I fAyla F2N 2 i&SIagieacéliNgto thielredultsfotitie T A £ £ S
adalSYFHGAO NBOASHsd ¢KSNBE dFa | Y2RSNI S NBdza

data integration happened at a local level.

Two more SW features were clearly evident in the reviewed literatore: WRA & O2 @GS NA y 3
AL ljdzSNEAY3IQ YR AAO0 WNBIaz2yAyaQd vdzsSNEBAY3
reasoning was the fourth. Most of the papers used SPARQL for querying their ontologies;
however, there were some systems that prefsiirto save their data in relational databases and
accordingly used a suitable querying language. As mentioned earlier, most of the querying took

place locally, while federated queries had a very low usage.
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The reasoning feature had some variance in itssaross the four healthims. The use of

reasoning over rules depended on the topic beiligcussed, as mentioned earlier in the

addressed health questions section. Medigdics employed reasoning the most, then health
management topics and finally phraaceutical topics. In the pharmaceutical field, detecting drugs
interactions were suitable to be inferred from rules representing drug metabolic pathways
(Arikumaet al., 2007) Machadoet al.(2013)also reviewed 11 translational medicine systems; less
than half of them only used the inference approach. Howeakiof them addressed medical or
pharmacological questions. Thus, the use of inference and reasoning features was not sufficiently
exploited across the different health topics. There is an opportunity to fill this gap, perhaps with
more health research caidered through inferencsuitable questions like decisidrased ones.
Zenuniet al(2015)noticed that many systems in their review used data mining teakescand
machine learning to analyse data and discover new knowledge. While these tools were effective

in many cases, they were not strictly designed for semantic data.

4.4.3 ¢ KS { SYI yAffdrdancésis BeQlth Research

From reviewing the literature and the attempt to understand the reasons behind health
researchers using the SW, several affordances were identifteethree most noticed properties
for the SW weréts ability: a)to represent a domain of knowledds/ ushg ontologiesb) to

integrate heterogeneous datand c) to discover knowledge via exploring and infetring

Data representation was used farvariety of topics and domains. Topics like clinical pathways
and treatment plangHuet al., 2012) or clinical guideline@uustjarvi and Puustjarvi, 201&y

neuro medicingCiccares, Wu, Kinoshitagt al., 2008) It was not just that ontologies were able

to represent different domains, some of the literature mentioned that representing data using
triples was simple, tod?athaket al.(2012)stated that the simplicity of modelling data using RDF
was an important factor in using the SW. Moreover, the authors continued to sajhh&DF

model was more flexible in updating, adding or deleting data than the relational model.
Supporting SW technology is the availability of converting and mapping tools to Rd&:shsll

et al(2012)noted, the ideal situation is to map relational data into RDF; however, in some cases

there would be a need for conversion using any of the many tools available.

Following the main vision of the SW in linking data on the web, the majority of the reviewed
papers used the SW for its ability to integrate heterogeneous data. Integration téfekedit

shapes in the reviewed projects. Some systems used integration for aggregating personal data
(personalisation), where the researchers aimed to create personalised treatment plans for

patients(Wanget al., 2013) Other papers integrated data remotely using federated querying as
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in Marshallet al.(2012) who created a federated query requesting all language renderings of a
specifc drug product. Three main data resources were involved in this query: RxNorm, DrugBank
and DBPedia. Another type of integration is to achieve semantic interoperability by exchanging
data between heterogeneous data sources locallfuastjarvi and Puustjarvi (200¥e authors
aimed to allocate clinical resources between healthcare managers; such an aim demands

cooperation between several heterogeneous information systems within a healthcare institution.

Finally, one of the distinguished affordances of using thasS¥\é ability to use it to discover new
knowledge Knowledge can be discovered according to the literature by either exploring linked

data or inferring new informatiorLinked data can be explored traversing links between

connected elements. Queryin@th iscommonlyused to explore linked data, which was used by

77% of the reviewed paperExploring linked data is one of the main concepts in the SW vision,
where Bernerd SS Ay UNRBRdzOSR (i K S (Bérfiershéd, B86) 51 (G t NR y OA

Although the literature varied in the usage rate of reasoning among heatts, it is still
consideredanimportantreason to use the SW technology. The conadptasoning is related

primary to the early SW vision by enabling machines to understand and process the data using Al
(BernersLee, Hendler and Lassila, 200Rgasoning was used in the literature for mainly two
reasons: i) either to check inconsistencies and errors in ontologies or ii) to infer new information
based on defined rules. For examphgrridgeet al. (2014)used OWL reasoning as a quality
assurance technique for checking for inconsistencies in the large medical ontoleg¥./€8xt of

the reason behind using the SW for inconsistency checking was the ability to trace the source
itemsthatcalzi SR G KS f23A0Fft AyO2yairaidSyO&manégtallSOA I
2014) According taVanget al(2015) the semantic reasoning improved the intelligence of their
developed independent clinical pathwaystem.Baldassinget al(2017)stated that the semantic
reasoning tools allowed ontologies to infer new information according to the knowledge model.
Ly G4KAa LINRP2SOGI GKSe& grBshifatory fiinesS cofidRion @dcdrding th F &

environmental and physiological datollected by monitoring devices.

444 Challenges and Recommendations

The health projects that used the SW approach for integrating data were expected to utilise the
full capabilities of this technology. However, from reviewing the systems several challeages w
Y20AOSR GKIFId KAYRSNI GKS {2Qa dzal 3S Ay Ylye O

used data whetheritwasinthie I G4 Q& I OOS aheterogenkityor qualityda S OdzNA (i & =

Firstly,accessing sensitive dateas a main obstacle sharing and integrating data. Across the

different healthaims, private data such as patient or administrative information was difficult to
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share publicly or integrate remotely in a secure manner. In line with this fintlaghadoet

al.(2013)stated that the solution for thisssue is to enforce some security protocols from the SW

community to track the owners, users and editors of the dMareover, following the example

of the traditional linking approach in allowimgdependent data centres to handle data between

data ownes and developers, the issue of the availability of private data for research could be
2PSNO2YSP ¢KS NREtS 2F (KS AYyRSLISYyRSyd REGE OSyuNBa
data in order for that information to be suitable for research purposeshQentres work like a

link between private data owners and health researchers and developers.

The second identified challenge from the literature is securing private dataentioned earlier,

some of the reviewed literature used personal private dadaidl A Yy SR FNRBY LI GASyGaQ NBC
hospitals. In addition to this type of projects, there are projects that aim to build personal health

web services, which include private information for each registered user. Securing such projects

containing sensitive jprate information is a challenge to be faced when attempting to employ the

SW in health researcin addition,Eysenbals (2003)said the SW would magnify the

opportunities, as well as the challenges, associated with the web; in particular, regarding the

LINA @ 08 2F (GKS O2yadzYySNEQ RIGF® ¢KS aSYlFyiAaO NBLINE:
automate the integratiorprocess but with a high risk of exploitation by spamm8&igpporting

academia and security related studies by the SW community is recommended for the purpose of

providing appropriate security access protocols and mechanisms

Data quality is another general challenge facing any health research. In projects that use some
data analytics techniques to draw conclusions or find patterns in the data, the quality of this data
is crucial and will affect any conclusions reached. Tha dagds to be scientifically accurate and
technically welformed. In many health cases, the decision that is based on these results could be
both critical and sensitive, as in the case of diagnostic systems or choosing the best treatment
plan for a patieh Zenuniet al.(2015)agreed with how extremely important was the data quality

in terms of affecting the results of an analysis.

For a better understandingf the challenges being presented and fateduch an

interdisciplinary domain, the coperation between computer scientists and health experts is
essential. For example, improving reasoning technologies to check for inconsistencies could help
to improve the quality of the integrated data. Consudtihealth experts regarding ontologies

design and testing results is also crucial before one can trust the efficiency of a system. In this
context, McArthur (2009kxplained the importance of using the experience of health information

professional in developing the SW in five key areas: i) ontology development, ii) kigewle
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translation, iii) information retrieval, iv) scientific publishing, and v) resource classification and

indexing.

Data heterogeneity is alsmather challenge that was evident in most of the reviewed literature.

In theliterature, various sources andrins of used data were mentioned. For example,
Stavropoulo®t al(2016)built a system for monitoring f R Shedlt@ baialysing collected data

from wearable sensorsvhile Singhet al. (2013)built a system that analyse medical images and
extracts identifiable features from therMany papers usetiospitalandLJl G A Sy (i aspariNB O 2 |
of the integarted data as welHealthdata on the web is growinigg number, however, most of

the available datas in a norsemantic format{Zenuniet al., 2015) To step forward into achieving

linked health data, more effort should be aimed into converting and publishing health data in a

semantic format.

4.5 Conclusion

By systematically classifying the literature, two mapping taxonomies were produced: a) health
aims and b) SW features. The purpose of these taxonomies was to help health and computer
science researchers in understanding the specific characteristics of health questions addressed in
the SW literature, as well as understanding the affordances and challehgssg the SW in

health research.

This review has revealed 17 addressed health questions that were divided into fouaimairi)
medical, i) public health, iii) health management and iv) the pharmaceutical field. The diagnostic
medical questions adbved the biggest share of the literature. By analysing the relationships
between the addressed health question (health topic) and the used SW feature, four
characteristics of the addressed questions were concluded. The characteristics were: i) decision
based questions, ii) personalisation questions, iii) questions based on integrating heterogeneous

data and iv) questions rely on accessing web information.

The second contribution in this review was the SW features taxonomy. The taxonomy included 12
subfeatures categorised under five main semantic web features, which were: i) data
representation, ii) knowledge discovery, iii) data integration, iv) data sharing and v) updating
knowledge. The most used SW features in ascending order were: a) building ndaggnin)
integrating data locally and c¢) exploring data via querying. Some of the research trends and gaps
were noticed based on the usage rate of the SW features across ladaih All healtraims

agreed on the popularity (usage rate) of building newobogies and integrating data locally. The
aims also agreed on the shortage of usage for: i) checking inconsistencies, ii) updating knowledge

manually, iii) updating knowledge automatically, iv) remote data integration and v) open access
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sharing. Moreovetthere was an interesting positive correlation between medical questions and
the use of reasoning over rules. Public health questions had a shortageisingontologies,

while pharmaceutical projects had a lack in the rate of sharing data, even privately

In conclusion, the semantic web was used for its ability to represent a domain of knowledge,
integrate heterogeneous data and, to discokaowledge viaexploring linked data anthferring
new information However, the vision of integrating the data tre web in one interlinked
database was not fulfilled. The notions ofusing published ontologies, providing mapping
between resources and enabling public data sharing were neglected in many leages.
challengeswere identified in the process of apphg the SW approach in health researijltata
accessibility, ii) data security, iii) data heterogeneity, and iv) data quBliyouraging

cooperation between SW developers and hea#perts, as well as enabling independent data
centres to prepare and amymise sensitive data could help in overcoming some of the issues that
are being faced in this interdisciplinary dom&8upporting security related studies and
encouraging more publishing health data in a semantic format will also help in supportingehe

of the SW technologies in the health research.
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4.6 Summary

This chapter systematically reviewed the literature of health reseansployingthe SW. One of
0KS NBOGASGQa FAYa Aa (2 ARSyGATe (GKS YIAy Ge@
the first research question. By answering this question, a better understanding for what types of

guestions the SW is good at dealing with can be reached.

The answer to this question is represented in the health aims taxonomy that includes 17 types of
addressed health questions categorised under four main hedittis (medical, public health,

health management and pharmaceutical). The diagnostic medical questions had the biggest share
of the literature. It was noticed that the identified questions haverfbasic characteristics: i)
decisionbased questions, i) personalisation questions, iii) questions based on integrating

heterogeneous data, and iv) questions rely on accessing web information.

The second contribution in this chapter is the SW featurgertamy that answers the second
research question. The taxonomy includes five main semantic web features: i) data
representation, ii) knowledge discovery, iii) data integration, iv) data sharing and v) updating
knowledge; together with an additional 12 sédatures. The most used SW features in the
literature were: a) building new ontology, b) local data integration, and c) discovering knowledge

via querying.

In addition to finding the usage rate for each SW feature generally, a-@fmence analysis of

the usage rates for the SW features across the hesitis was provided. The aim of this analysis

is to highlight any research trends, opportunities or gaps in the literature. One of the relationships
noted was a positive correlation between medical questiand the use of reasoning over rules.
Public health papers showed lower usage rates than the ahes in reusing ontologies and
applying reasoning over rules; a result which implies that the nature of these topics does not suit

the properties of theséwo features.

The systematic review was also used to analyse any mentioned affordances or challenges facing
the use of the SW, or its application in, the huge field of health research. This part of the review is
dedicated to answering the third researchestion. Some of the affordances identified in the
literature were: a) the ability to represent knowledge, b) integrate heterogeneous data and c)
discover new knowledgeia exploring andeasoning. Some of the identified challenges that

hinder using the SWh health research were issues regarding dataessibility, security,
heterogeneity,and quality.Cooperation between SW developers and health expertabling
independent data centres to handle sensitive datapporting security academia and encolirag

sematic health data publishingere someinitiatives recommended to overcome the challenges.
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Chapter5 { SYIFYyGAO 2S06 5SY2yaiN
wS &SI NOK

In the last chapter, th@nterdisciplinaryliterature relevant to using the semantic web (SW) in

health research was systematically reviewed. The review revealed some of the most and some of
the least addressed health questions in the literature. Medical and public health topiestiae

most discussed, while the topics of health management and pharmaceutical issues came third and
fourth. In addition to the discussed topics, the most and least used SW features were also
analysed. The review concluded that the SW was mainly usedgoesenting knowledge,

integrating heterogeneous data and discovering new knowledge.

In an attempt to examine some of the least discussed topics in the literature and to reflect upon
the uses of the SW in those topics, this chapter demonstrates thecfabthis scenario by

building a proofof-concept model. A semantic wdiased demonstrator has been built to

represent NHS prescriptions in Englamntis chapter continues in answering ttierd research
guestion. The aim of building the demonstrator isltostrate how the SW tools were used to
represent a healthrelated topic, as well as to analyse any affordances and challenges faced in the
process. The first section in this chapter discusses the motivation and background information

informing the chose topic, while the second section describes the design of the demonstrator.

5.1  Prescriptions in England

As part of the transparency movement promised by the British government, anonymised
dispensed prescription data is available to the public atlevels: presentation and chemical.

The ability to derive chemicé#gvel data from presentatiotevel data was stopped in 2012. From
2010, dispensed prescription data was available online openly and is updated monthly. The formal
authority responsible for gblishing the data is NHS Digital, known formerly as the Health and

Social Care Information Centre (HSCIC).

The data covers any dispensed prescription issued in England by a general medical practitioner
(GP) or a nomedical prescriber, such as a nurseagsharmacist. Therefore, the number of
prescriptions published every month can be quite massive, totalling around 18 million. It should
be noted that the smaller number of private prescriptions are excluded from the monthly

published datasets (Health andcal Care Information Centre (HSCIC), 2015).
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511 Why Prescriptions?

The prescription dataset includes three types of information: i) information about the prescriber,

AAO GKS YSRAOIFIGAZ2Y YR AAAOD GKS LINBaghhNKdsli A2y Qa 0O2a
a link between pharmaceutical medication information and health management information (the
LINBAONAROGSNBEQ AYT2NYI A2y 0 ¢KAZ aLISOAFf LINRLISNI& Y
candidate for representing heterogeneous data integration betwéwo different health fields

(pharmaceutical and health management). Interestingly enough, these two health fields were the

least cited topics according to the results of the systemediview presented in the last chapter;

an outcome which supports theea of further exploringhese two fields.

In addition, there were a limited number of papers that specifically tackled the topic of

prescriptions in the systematic revieRuustjarvi and Puustjarvi (2008)t f dzid G NI § SR WIj dzZSNEB A y 3 ¢
features in an electronic prescription system built using the SW. The authors discussed

prescriptions as an electronic system to create a link betwessaithcare practitioners and

regisered pharmacies. The situation was different withpakonstantinoet al.(2011) where the

authors proposec semantic wiki system containing training material for healthcare providers

Ay @2t oAy 3 WiKS . AbtheBexampld vwiad a/cEhicdl dsi@n Quippot system

(CDSS) that was used for supporting choosing the mdsibseiiantibiotic prescription for a

patient (CalvilleArbizuet al,, 2014)

The aim of the paper frorRuustjarvi and Puustjarvi (2006as to suggest a solution for managing

clinical data, whilé*apakonstantinoet al. (2011)suggested a different approach for training

staff. CalvilloArbizuet al.(2014)had a purely medical aim in deciding the best treatment. It is

noticed that these papers tackled the topic of prescriptions from: a) clinical management, b)

human esources and ¢) medical perspectives. However, the prescription topic in this current

work representsistorical prescription data (dispensed prescriptions) at a national level to be

used as statistical data for research purposes. To the bestof thisldd |y 26f SRIST GKSNB vy
papers which presented or investigated the NHS dispensed prescription data, British

National Formulary (BNR)edication data, by using SW technology.

5.1.2 About the NHS

The prescription data is published under the supervisiamefNational Health Service (NHS). The

NHS Digital, known formerly as Health & Social Care Information Centre (HSCIC), is the national

provider of NHS information and IT systerfise NHSvas launchedn 1948 with a budget of £437

million thatgrew to £101billion in 2015/201§NHS Choices, 201%a) ¢ KS LINB&UGNRA LIGA 2y aQ |y
cost was approximately £9.3 billion in 20NHS Digital, 2®).
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From April 2013, the NHS structure in England was changed. In the period prior to April 2013
there were 10 Strategic Health Authorities (SHA) that managed 151 Primary Care Trusts (PCTs)
where the practices reside. Tistructurewas changed to hangfour regional teams

administering 24 Area Teams (ATs) which administer 211 Clinical Commissioning Groups (CCGSs)
that commission the practice#lsq over 150 norCCG cost centres exist such as trusts, councils
and private company providers. The ATs@gponsiblairectly forthese nonCCG cost centres
(HSCIC, 2015)

The NHS Digital announced in theibsite(NHS Digital, no datéhat from the first of April 2020,

a new data structure will be in place. The NHS intends to move from flat strudateemodel to
structured XML files. The NHS apparently understands the importance of providing structured
data for public use, either in research or for developing systems. Hopefully, in a more advanced
step forward, the NHS will consider publishing thiita in a semantifriendly form, such as RDF,

in order to simplify the integration process with other SW systems.

5.1.3 About the BNF

In the NHS prescriptions datasets, the medication information is represented by using the
standards othe British National Fanulary (BNF). The BNF is aphidrmaceuticateference book

that discusses correct dosage, indication, interactions and side effects of drugs. It is published
jointly by the British Medical Association and the Royal Pharmaceutical Society. Two vemsions ar

available every year in March and Septem{ignitish National FormularyuBlications, 2017)

Each BNF book is divided iribar sections:

1) Front Matter:including how to use the BNF, changes in this edition, guidance on
prescribing.

2) The Main Chaptersncluding drugs monograph, uses, doses, safety issues, drug classes,

treatment summaries and prices. The chaptars dividedaccording to different aspects
of medical care like infections, vacancies and appliances.

3) Appendicesincluding interactions, substances, advisory labels and wound care.

4) Back Matterincluding dental and urse prescribing, guidance for life support and

emergency doses.

The Business Services Authority (BSA) publishes an online version of the BNF as a
spreadsheet. The spreadshéetludesthe taxonomical structure of known drugs detailing
their names and code Each row in the spreadsheet represents a presentation of a drug, and

each presentation has a unique code to identify it. These cadebuiltby a hierarchical
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aggregation of detailed information about the drug. For example, one of the Paracetamol
presentations is Panadol_Tab 500mg, which has the BNF code 0407010HOBFADAM. Each digit

in this coderepresents gieceof information, axan be seen in tablg (BSA,2017)

Wi iximnplsl s Digit Position Representing
04 Digits 1 & 2 The BNF chapter
07 Digits 3 & 4 The BNF section
01 Digits 5 & 6 The BNF paragraph
0 Digit 7 The BNF suparagraph
HO Digits 8 &9 The chemical substance
BF Digits 10 & 11 The product
AD Digits 12 & 13 The strength and formulation
AM Digits 14 & 15 The equivalent (generic or branded produ

Table5: Therepresentations of thé?anadotab 500mg BNF presentation code

5.1.4 Examples of Prescription Projects

This section presents a list of projects which used prescription data as part of their work.

5.14.1 Mapping English GP prescribing data: a tool for monitoring headtdrvice

inequalities
Addresses Vv GP List v
"] Prescriptions v bl m
Praciice Cod Practice Code Practice Code
ractice Code

Postal Code Total Count

BNF Code , "] Postcodes ¥
Practice Name Male Count

Item Count |

. Postal Code
Practice Address

Female Count
NIC Cost Geographic Location

Male 0-4 Count
Actual Cost

Female 0-4 Count

Other Age/Sex Group Counts

Figure33y ¢ KS fAy1F3S 06SGs6SSy G(GKS RFEGFasSda Ay (GKS Wal LILAY:
monitoring healthda SNIDA OS Ay SljdzZ t AGASaQ owz2gfAy3adazy Si

(Rowlingsoret al., 2013)discussed the variations of prescribing performance on a national level.

The authors demonstrated the variation of prescribing performance by using interoperable maps
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relied on open data. The used da@swere downloadedrom NHS information centres and the

Ordnance Survey Website.

The main concept of their work depended on linking fdatasets as shown in figuBS. The

linking key between the datasets is theactice code which is a unique idergif for the available

data. Spatial database (PostGhiSdate)was used to link datasets and produce maps

representing their work. One of the use cases discussed was calculating the cost per person rate
for the prescriptions of Metformin Hydrochloride and Methylphenidate across England. The

results were repesented as five coloured categories on the map of England.

5.1.4.2 OpenPrescribing

The OpenPrescribing project was provided byHEvalence Basededicine (EBM) Data Lab at the
University of OxfordEBM DataLabUniversity of Oxford, 2017PpenPrescribing.net offered
customised prescription datasets for researchers, by relying on the NHS published open data.
There wereour providedservices orthe website. Two of the services were for finding multiple
prescribing indicators for practicesd Clinical Commissioning Groups (CCGs). The third service
was for finding national trends for a specific drug. The most interesting part was in the last

service, which allowed foreustomised- y I f @ aA & o0& OK223aAy3d GKS LINE
prescibed medicine. This service can be very hafiodyesearchers and policymakeostGIS

spatial databas€PostGIS, no datejas also used heror allowing geographical location

querying.

5.1.4.3 iView

The NHS Digital aims to provide information and IT systems for health and care services. One of
the services provided by the NHS Digital is theviMiol (NHS Digital, 20DjJ. iView is a web
servicedesignedor authorised health care users to: i) access information, ii) build reports, iii)
generate chartsiv) export data and v) save reports for a variety of provided datasets. Due to the
sensitivity of some of the datate accessibilityvas restrictedo certain users. One of the

datasets thathad only one minorequirement, a mandatory registration step, was the CCG
Prescribing dataset. The available information was similar to what was usamhilingson et al.
(2013)and OpenPrescribindEBM DatalLabUniversity of Oxford, 2017However, the difference

was inthe information presentation as the prescriptions can be viewed at CCG or Area Team
levels only and not practicelevel. This tool was useful austomisingand filtering the viewed

RFEGIF G2 YSSO AYRAQGARIZ fQa ySSiRwa a Ad 2FFSNB
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5.1.4.4 Information Services Portal

Information Services Portal is a web service offered by the NHS Business Services Authority (NHS
BSA) for NHS and public usBSA, 2017)The portal offered many reports that cae

downloaded as well as different datasets. Sensitive data was restricted to NHS registered
employees only. However, the prescriptions datasets had opgerss. The data cde filteredby

a national, regional, area team or PCO level. Moreover, the viewed prescriptioatsodre

filtered by the BNF chapter. This system offered another method to view the prescriptions data

but did not offer any data integtion tools with other datasets.

5.1.4.5 Prescribing Analytics

Another project that used the open prescription dataset to analyse the prescriptions nationally
was the Prescribing Analytics projéBrescribing Analytics, no dat®resribingAnalytics

consisted of a group of computer scientists and NHS practitiaisrmgto studypossible
prescriptionsavings. They looked into the variety and range of prescriptions costs for branded
against generic statin drugs and found that ab@udtmillion poundsa monthwere wastedon

branded versions in 2012. The results of the percentage of proprietary statin prescribing by CCG
levelwas demonstrateadn a map. The technology used for creating the maps was Leaflet open

source interactive map@gafonkin, 2017)

5.1.4.6 Medicine statistics: GP prescribing by constituency, 2015

LYy GKS WaSRAOAYS adl GAadA O@niefinD papecBakea(PONg) 6 Ay 3 o6& 02y
investigated the prescription rates via four approaches: i) type of medicine, ii) UK countries, iii)

constituengesin England and iv) antibiotic resistan@aker, 2016 The main source the work

relied on was the open prescriptions datasets published by NHS Digital (HSCIC prevVioeisly).

work aimedto measurethe burden of illness and disease nationally by using the prescriptions

rate. It wasfoundthat prescriptionrates demonstrate extraordinarily wide variations across

England, and specifically in the examined constituency areas.
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5.2 Demonstrator Architecture

This section describes the architecture of the prescription demonstrator. The aim of building this
demonstrator is to illustrate, with a real case example, how the SW can be used in health
research. This section mainly aims to answer the second reseaestiguiin this thesis. The
demonstrator represents the integration of heterogeneous pharmaceutical and health
management data. The pharmaceutical data are represented in the British National Formulary
(BNF) and the health management data are containedth the dispensed prescriptions
administration data and the NHS practices administration data. Finally, the system is tested with

several health questions as queries.
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Figure34: Theprescription demonstrator architecture

The cemonstrator contains three main components: a) Data Access b) Mapper and c¢) Querying
Interface. Data representation and integration are illustrated in the firat second components,

while the third component demonstrates data retrieval and discovergurgid4 showsthe
RSY2YAGNI 02N | NDKAGSOGdzZNBEQa GKNBS O2YLRySyda

more detail.
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521 Data Access Component

Data access is the first component in the prescriptidesionstrator. In this component, the steps

of choosing, preparing and saving the right data are perforriiée.approach used to access the

data is by firstly choosing the appropriate dataset from the available open data. The second step
is to download iinto a local machine and save it as a comma separated values (CSV) file. Prepare

all the spreadsheets to be converted into RDF files in the second component.

5.2.1.1 Data Sources

lff RIGEFaASGa OK?2aS ypublskedundérith opgregbernniest iise(NHS LISy Q >
Digital, 2017d)Seven datasetsere downloadedrom three different NHS departments:NHS

Digital, ii) NHS BSA and iii) NHS CholMidSDigital is responsible for managing and analysing

health data nationallyNational Health Service, no dat®HS Business Services Authority (NHS

BSA) supports other NHS organisations and the pbplproviding vaous electronic services

(NHS BSA, 201 NHS Choicds the official website NHS England with plenty of infation and

services offered to the publitNHS Choices, 2017b)

Dataset Name Source Licence No. of Size
Rows
Practice Detailed Prescribing| NHS BSA §) Open Government Licence | 18 843,675| 3.25 GB
Information
GP Branches in England NHS Choice{ # openGovernmentLicence | Q 848 1.49 MB
Number of Patients NHS Digital | #§ openGovernment Licence | 7,493 344 KB

Registered with a GPractice
GP Practices in England and| NHS Digital | #J openGovernment Licence | 13 386 1.54 MB
Wales

GP Opening Times NHS Choice{ #F openGovernmentLicence | 139 696 4.65 MB
DtaQ {aGFFF NHS Choice{ #§ openGovernment Licence | 83,992 3.01 MB
BNF Code Information NHS BSA §3 Open Government Licence | 76,813 16.8 MB

Table6: Thechosen open datasets for the prescriptions demonstrator

Table6 lists somanformation about the seven chosen datasets for building the prescription
demonstrator. These datasets are categorised into three types: i) prescription, ii) NHS practices

and iii) BNF data. The three types are discussed in detail in the following section
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5.2.1.2 Prescription data

Regarding the prescription data, there are several sources available online for prescription
datasets. Within the NHS itself, there are different departments producing similar prescription
datasets. For example, thi#giewtool provided by the NHS DigitédNHDigital, 2017b)s usedor
viewing a customised version of the prescription data. Thus, the data can be viewed by a CCG or
at Area Team level. Unfortunately, there is no filtering option which would allow viewing data at

practice level.

Another souce of the prescription data is theP practice prescribing dataPresentation level
that is published by the NHS Digital under the open government lioggtd& Digital, 2017dJ his
dataset contains information about the cosléor the area team, CCG and prescriber practice

along with the prescribed medicine, cost and quantity.

However the Practice Detailed Prescribing Information (PBdBset that carbe accessetia the
Information Services Portal (managed by the NHS BssiServices Authority (BSA) under the

Open Government License) contains similar information with some additions. The extra
information includes the names and codes of the Regional Office, Area Team, CCG and practices,
which gives it extra credit when coraped to the NHS Digital dataset. The PDPI dataset has been
chosen for this reason and also because the BSA provides other useful datasets that are

consistent with this dataset. The chosen version of the dataset is from June 2017.

5.2.1.3 Practice information andNHS structure data

This data category relates to any organisational structural information in the NHS, or any
AdzLILR NI AY3A AYF2NXNIGA2Yy | o62dzi Fyeé 2F GKS bl {
informationis takenfrom the samePDPUdataset published bthe BSA. A more detailed level of

the hierarchy informatiowas added tdhe differentLINI O (i A O S ATHis irfoN#ayoasK S &
takenfrom the GP branches in England (GP.dataset that is published by NHS Choices under

the Open Government Licen¢HS Choices, no date b)

In addition to the hierarchal information, extra informatiabout the GP practices is provided.

For example, information about the total number of patients in each practice is addhed.

Number ofPatients Registered with a GP Practe¢aset isdlownloadedfrom the NHS Digital

Website under the Open Government Licence under the nangp-oég-pat-pracsingage-all.csv

(NHS Digital, 2017.chnotherdataset ighe GP Practices in England and Wdkggraccur.cspfrom

NHS Digital under the Open Government LicgintdS Digital, 2017aJhis dataseincludes
AYTF2NYEGA2Y F02dzi GKS LINF ONAOS¥QQF RBNBA ¥ & D

105



Chapter 5

hy GKS LINF OGA0SaQ oNIyOKSa f Scshffigadded, ibdFromo 2 dzi € 2 OF ( ;
the previously mentioned datasetie GP (GP branches in Englanmfprmation about the

latitude and longitudeneasurements and postcodésr each branclare downloadedunder the

Open Government Licen¢BlHS Choices, no date Bhe NHS Choices also publistrel GP

Opening Time&NHS Choices, no dateaa)dDt & Q (NH8 Chbides, no datedgtasets under

the Open Government Licencéhe GP Opening Tim@staset lists the opening and closing times

for the weekdaysper each branch, whilé K S Dt dat@set{cantaiSFY L 2@ SSaQ Ay F2NXIF (A2

like title, given name, family name, job title aridr GPs only, the GMC number.

5214 Medication data

In the prescription datasdiPDPI)the prescribed medicine presentedby the BNF coding

system. Therefore, an online version of the BNF book is added to the prescription demonstrator.
The BNF book version {British Medical Association, Pharmaceutical Society of Great Britain and
Joint Formulary Committee (Great Britain), 20i6)sed. It was publigl in spreadsheet format

in the Information Services Portal in the BSA website under the Open Government l(ki&e
Business Services Authority (B2A)17) Inthe BNF Code Informatiattataset the following are
included: i) names and codes of chapters, ii) sections, iii) paragraphs,pasagraphs, v)

chemical substances, vi) products and vii) presentations of all registered drugs.
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5.2.2 The Mapper

The Mapper is the second component in the prescription demonstrator. In this component, there
are three main steps regarding the process for dealing with the data: Extract, Transform and Load
(ETL). The ETL process is responsible for extracting datadrayus sources, then cleaning and
customising the data to prepare it to be uploaded into a dataehouse(Skoutas and Simitsis,

2006)

The first step in the Mapper componenttgsextract the needed information from the previously
mentioned datasets. Secondly, the chosen datasets in the Comma Separated Values (CSV) format
need to be transformed into Resource Description Framework format (RDF). Finally, all converted
data is loadd into a proper triple storeDesigning the ontologies (the schema) is performed in

GKS WOEGNIOGQ &GS 6KAES (GKS WENIyatT2NyY¥Q |y

5221 Extract

The Extract step involves the approach followe@xtract the knowledge from the chosen data
F2NJ GKS LidzN132asS 2F RSaA3ayAay3da 2yiGaz2f23ASa 2N a
demonstrator. The software used for designing the ontologies is Protégé version 5.2.0 that was
developed at Stanford Univéatg (Musen, 2015). The ontologies were developed using the Web
Ontology Language (OWL).

The approach for designing the ontologies is by studying and analysing the chosen data. The
primary concepts are extracted; then those extracted concepts are repredexst classes or data
properties. Another type of information extracted from the datasets is the relationships between

the concepts. These relationships are represented as data or object properties.

It is important to mention that the intention in desigrg the ontologies is not to have a
comprehensive design for abstracting the NHS prescriptions in reality, but rather a simpler version
of the realworld scenario for demonstration purposes only. In future, this work could be

improved and expanded to reflea precise version of the prescribing workflow in England.

In designing the ontologies, the focus was on the chosen datasets, which are categorised into
GKNBS GeLiSay A0 LINBAONRLIGA2YAaQ AYT2NXYIGAZ2Y S
From these three categories, three ontologies were designed: a) NHS ontology, b) BNF ontology
and c) prescriptions ontology. The three ontologies are discussed in the following sections in

detail.
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52211 Designing the Prescriptions Ontology

Mapping the prescptions ontology from thd®DPdataset is straightforward as each row in the
PDPI dataset represents an instance of the Prescription clas®réberiptiorclass is the only
defined class in this ontology with five linked data properties tQitantity, DQUsage, items,
actualCostand NIENB G KS LINBAONRLIGAZ2Y Q3 LINRLISNI A S3
in the original datasetTable7 showsthe mapping between th@rescriptiorclass in the

prescriptionsontology and the extracted concept in tiRDPHatasets.

Class Namg Column Name Dataset Name

Prescription| Quantity PDPI
ltems PDPI
NIC PDPI

Actual Cost | PDPI
ADQ Usage | PDPI

Table7: Extractinghe prescriptions ontology information

The prescriptions ontology is considered as the bridge between the BNF ontology and the NHS
ontology. Each instance of threscriptiorclass has two links. The first one is the object property
issuedByhat points to aspecific instance of thBracticeclass in the NHS ontology. The other
property containspoints to a specific instance of thiresentatiorclass in the BNF ontology.

Figure35shows thdinkage between the prescriptions ontology and the NHS and BNF Oiet®log

Resource » _)
Literal - _]
Property = N
Prever t
PrescriptionOntology J\LUSL)JJV(Q,[Q@;;

Figure35: Theprescriptionsontology
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52212 Designing the BNF Ontology

The mapping of the BNF ontology is extracted fromBiN~ Code Information version d&aset.
There are seven defined classes, two object properties and two data properties in the ontology.
The main concepts extracted from the BNF datasetia@hapter, ii) Section, iii) Paragraph, iv)
Subparagraph, v) Chemical Substance, vi) Prododtai) PresentationEach concept represents

a class with two attached data properties nameymeandcode. Table8 shows the mapping

between a class in the BNF ontology and the extracted concept iBhe7Zataset.

Class Name Column Name Dataset Name
Chapter Chapter Name BNF 72
Chapter Code BNF 72
Section Section Name BNF 72
Section Code BNF 72
Paragraph Paragraph Name BNF 72
Paragraph Code BNF 72

Subparagraph Subparagraph Name BNF 72
Subparagraph Code BNF 72
ChemicalSubstand ChemicalSubstance Nan| BNF 72
ChemicalSubstance Cod BNF 72

Product Product Name BNF 72
Product Code BNF 72
Presentation Presentation Name BNF 72
Presentation Code BNF 72

Table8: Extracting the BNéntologyinformation

Similar to the NHS ontology, the associations between the BNF classes were designed in a
hierarchical manner as chaptargludesections, which include paragraphs, which include
subparagraphs, which include chamal substances, which include products and finally products
include drug presentations. However, after testing the ontology with several queries including
inferred data, there were logical inconsistencies in the results. Therefore, the type of relatisnship
between the classes has beehanged tdbelongTaandhaswith all the classes remaining at the

same hierarchal level, see figusé.
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Chapter 5

The NHS ontology represents the hierarchical structural information of the NHS units with more

focus on the practiceselated information. There are 11 classes in this ontology. Four of them are

re-used from other published ontologies (FOAF and ORG) henekst are defined classes

mapped from the six chosetatasets. Tabl® showsthe mapping between a class in the NHS

ontology and the extracted concept in the chosen datasets.

Class Name Column Name Dataset Name

RegionalOffice region office name PDPI

region office code PDPI
AreaTeam area team name PDPI

area team code PDPI
PCO PCO name PDPI
(ClinicalCommissioningGroup, | PCO code PDPI
NonClinicalCommissioningGrou
Practice practice name PDPI

practice code PDPI

number of patients

Number of patients
registered with a GP
practice

post code

GP practices in England an
Wales

prescribing settings

GP practices in England an
Wales

Branch branch code GP branches in England
branch name GP branches in England
post code GPbranches in England
latitude GP branches in England
longitude GP branches in England

Employee title Dt aQ adalt¥T¥
first name Dt aQ adal F¥F
last name Dt aQ adal F¥F
job title Dt aQ adal ¥T¥
GMC number DtaQ adal¥¥

WorkingTime day GP opening times
opening time GP opening times
closing time GP opening times

Table9: Extracting the NH&tologyinformation

¢KS bl { 2yiz2tz238 AyOfdRSa

LIk

NI 2F GKS bl {Qa

information and properties. Regarding the NHS structure, it has been decided to riflg BDPI

datasettaxonomy because it is compatible with the dataset thét be used later in designing
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the prescriptions ontologylhe PDPI datasehows the hierarchical relationships between: a) the

regional offices, b) area teams, c) primary care organisations (PCO) and d) practices in order.

In the early design of thel5 ontology, these concepts were tied by containment relationships in

a hierarchical design, which implies that: i) the practices are part of the PCOs, ii) the PCOs are part
of the ATs, and iii) the ATs are part of the regional offices. Similar to therBdl&gy, the

containment design led to inconsistent results, therefore, it basn replaced with the use of

belongTaandhasrelationships between the concepts, see figGie

¢KS bl { 2yG2f23& Ifa2 O20SNHE &2 Wé&se8 Ntha KS LINF OGA OSA&
YydzYoSNJ 2F NBIAAGSNBR LI GASYydas AAAO adrTF AYF2NNI G,
postcodes and prescribing settings types are extracted ftwrGP Practices in England and

2 | £ Sa Q& whiNéd thielvaluSsibf the data propertumberOfPatientsre taken fronthe

Number of Patients Registered with a GP Practice dataetremaining concepts included in the

NHS ontology arBranch, Employee and WorkingTiribey are extracted from the following

datasets respective\GP branches y 9y 3f I yYRX Dt aQ adl¥F FyR Dt 2LISYAY

Finally, some external vocabularies are borrowed anrdsed with the defined classes in the NHS
ontology. From the Organization ontology (OR®Yrid Wide Web Consortium, 2014)
org:Organization, org:OrganizationalUnit, org:hasMember, org:membar®integrated with our
defined concepts. Other vocabularies are takemfrihe FOAF ontologBrickley and Miller,

2010)like foaf:Agent, foaf:Person, foaf:title, foaf:givenName, foaf:familyName
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Figure37: The NH®ntology

5.2.2.1.4  The Three Interlinked Ontologies

By integrating the three ontologies, the main design of the mapping ontologies in the
prescriptions demonstrator iachieved. Figure38 showsthe result of the integration by having

the NHS ontology in purple, BNF ontology in green and the prescriptions ontology in orange.
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Resource
Literal

Property = —

NHSOntology

PrescriptionOntology

Figure38: Theintegration of the NHS, BNF aprkscriptionsontologies

5222 Transform

After desiging the three interlinked ontologies, it is time to prepare the actual data or instances

to fit in the prescription demonstrator. In the transform step, the data in $keen identified

spreadsheets is transformed into a more structured and friendly seimémtm (RDF). The

instances of the NHS ontology are transformed from the following dataG&spractices and

surgeriesNumber of Patients Registered with a GP Practicedgpat-pracsingage-al), GP

Practices in England and Walepaccur)GPh LISY Ay 3 ¢ A YS & K-Sy R bDDt 2 G4{2{ I2BERd &

instances are converted from tH@&NF Code Information, the 72 editidrhePractice Detailed
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Prescribing Information (PDPI), June 20afaset is the biggest dataset among the others. Each
row in the spreadseet is mapped to an instance of tikeescriptiorclass in the prescriptions

ontology.

A summary of the transforming stépr the NHS, BNF and Prescriptions ontologies is found in

figure 39.
NHSOntology BNFOntology PrescriptionOntology
N ( ) (Practice Detailed Prescribing
{ GP practices and surgerie% ‘ BNF Code Information 72‘ Information (PDPI), June
\ 2017
Number of Patients - =
Registered with a GP Practi‘ce J\\%—“;
GP Practices in England aTd [ PDPI London |
Wales g
= [ PDPI North |
o x | PDPI South |
GPO T |
‘ pening fimes § | PDPI Midlands |
R ! =
‘ Dt &0 {ulﬁ? 2 JsL
B | 18 CSV sufiles
2o G
Q c g >~.‘_‘
[ [l o
5@ Eo
25 J o
@ o
&5 \; § 3
N F=
/ \

8 RDF files ] | 1 RDF file | [ 630 RDF files |

Figure39: Transforming the CSWes into RDF files for NHS, BNF prekcriptions ontologies

For the NHS and BNF data, an open source application named OpenRefine (pr&oogbty

Refine) version 2.5 combined with RDF extension version 0.6 is used to convert the tabular CSV
data into RIB. Open Refine is a tool provided by Google for cleaning and transforming data
(Google, 2010)it can be linked with fflerent extensions in order to perform specific type of
transformation such as converting CSV data into RDF. The used RDF extension in this task provide
graphical mapping for the targeted CSV data using RDF skeleton. The mapped data is then

exported as RBPtext file(s).
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To extract the information from the available CSV files, several mapping rules were designed and

applied to the files via OpenRefine. The following steps were followed for the mapping process:

1) Uploading the targeted CSV file into an Opemfreproject.
2) Uploading the OWL ontology filefghichinclude the classes definitiomsto the project
3) Choosing a suitable identifiable column of the CSV data to define URIs for the RDF
instances of the OWL classes.
4) Declaring the type (the class) of thefthed instances in step 3 usingf:type.
5) Declaring any data properties linked to the defined instances in step 3 using the available
data properties in the OWL file(s).
6) Declaring any object properties between defined instances usingth#able object
properties in the OWL file(s).
7) Starting the converting process and exporting the results locally as an RDF file(s).
Region Region Area Team Area Team
Code Name Code Name
Y54 North of England Q44 Cheshire, Warringtoand Wirral Area
Team
Y54 North of England Q45 Durham, Darlington and Tees Area Tean
X X X X
Y55 Midlands and East of Q53 Arden, Herefordshire and Worcestershirg
England Area Team
Y55 Midlands and East of Q54 Birmingham and The Blaflountry Area
England Team
X X X X

TablelQ: Part of theregion office- area team CSV file

RDF Schema Alignment

The RDF schema alignment skeleton below specifies how the RDF data that will get generated from your grid-shaped data. The cells in each record of your data will get
placed into nodes within the skeleton. Configure the skeleton by specifying which column to substitute into which node

Base URI: http://www.semanticweb.org/ma8g13/ontologies/2017/6/untitled-ontology-19# edit

RDF Skeleton RDF Preview

Available Prefixes rdf owl xsd nhs rdfs foaf <kadd prefix #manage prefixes
Region code URI >-nhs:code— [ Region code cell
nhs:Regional_Office

add rdf type >-nhs:name— | region name cell
‘ >-nhs:has— E ' area team code URI >-nhs:code— area team code cell

a nhs:Local_Office
c add rdf type >-nhs:name -4 = area team name cell

a add property
add property

Figure40: An example of a mapping rule using OpenRefine
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Table 10 and figure 40 shows examples of mapping instances BethienalOfficand AreaTeam
classes in the NHS ontology from a CSV file. Part ¢fiiRlatasetthat shows the relationship
between regional offices and area teams is represented in table 10. Two Regional offices and four
linked area teams are shown in this example. The colurReggon CodandArea Team Codare

unique; thus, they were used as iddirgrs in the URIs instances definitions, see figure 40 (a). The
Region Codmstances are declared as type of the clRegiionalOfficewhile theArea Team Code
instances are of typAreaTeamRegarding the data properties, there are two used oméxs:.coe
andnhs:nameFor both of theRegionalOfficeand AreaTeandefined instanceghe region and

area team code and name columns were mapped vianttecodeandnhs:name,

correspondinglysee figure 40 (b)Finally, thenhs:hasobject property was used torlk the

RegionalOfficeand AreaTeandefined instancessee figure 40 (c).

After applying the defined mapping rule on the uploaded data in OpenRefine, an RDF file was
exported locally with the converted data. Table 10 above shows two regional offices codled Y
and Y55. The regional office with the code Y54 is linked to area teams with the codes Q44 and
Q45. This piece of information with the names of the instances are shown in RDF in the following

segment of the RDF file:

<rdf:Descriptiondf:about="http://www.semanticweb.org/ma8g13/NHSOntologgion_Y54>
<rdf:type rdf:resource="http://www.semanticweb.org/ma8g13/NHSOntologggional Offic&/>
<nhs:code Y54</nhs:code>
<nhs:name>North of England</nhs:name>

</rdf:Description>

<rdf:Description rdf:about="http://www.semanticweb.org/ma8g13/NHSOntolaygaTeam_Q4%>
<rdf:type rdf:resource="http://www.semanticweb.org/ma8g13/NHSOntology&aTeani/>
<nhs:codeQ44</nhs:code>
<nhs:name>Cheshire, Warrington and WairArea Team</nhs:name>

</rdf:Description>

<rdf:Description rdf:about="http://www.semanticweb.org/ma8g13/NHSOntolaggion_Y54>
<nhs:hasrdf:resource="http://www.semanticweb.org/ma8g13/NHSOntologygaTeam_Q44>
</rdf:Description>

<rdf:Description rilabout="http://www.semanticweb.org/ma8g13/NHSOntologg#eaTeam_Q45
<rdf:type rdf:resource="http://www.semanticweb.org/ma8g13/NHSOntology&aTeani/>
<nhs:codeQ45</nhs:code>
<nhs:name>Durham, Darlington and Tees Area Team</nhs:name>

</rdf:Descriptiorr

<rdf:Description rdf:about="http://www.semanticweb.org/ma8g13/NHSOntolaggion_Y54>

<nhs:hasrdf:resource="http://www.semanticweb.org/ma8g13/NHSOntologygaTeam_Q459>
</rdf:Description>
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The second part demonstrated in table 10 is regardsyth® region office. This region office is
linked to two area teams coded Q53 and Q54. This information is represented in RDF as the

following:

<rdf:Descriptiondf:about="http://www.semanticweb.org/ma8g13/NHSOntologggion_Y53>
<rdf:type rdf:resource="http://www.semanticweb.org/ma8g13/NHSOntoloBggionalOfficé/>
<nhs:codeY55</nhs:code>
<nhs:name-Midlands and East of England</nhs:name>

</rdf:Description>

<rdf:Description rdf:about="http://www.semanticweb.org/ma8g13/NHSOntolagygaTeam_Q53>
<rdf:type rdf:resource="http://www.semanticweb.org/ma8g13/NHSOntology&aTean'i/>
<nhs:codeQ53</nhs:code>
<nhs:name>Arden, Herefordshire and Worcestershire Areani</nhs:name>
</rdf:Description>

<rdf:Description rdf:about="http://www.semanticweb.org/ma8g13/NHSOntolaggton_Y55>
<nhs:hasrdf:resource="http://www.semanticweb.org/ma8g13/NHSOntologygaTeam_Q53>
</rdf:Description>

<rdf:Description rdf:aboutttp://www.semanticweb.org/ma8g13/NHSOntologgteaTeam_Q5%>
<rdf:type rdf:resource="http://www.semanticweb.org/ma8g13/NHSOntology&aTean'i/>
<nhs:codeQ54</nhs:code>
<nhs:name>Birmingham and The Black Country Area Team</nhs:name>
</rdf:Description>

<rdf:Description rdf:about="http://www.semanticweb.org/ma8g13/NHSOntolaggton_Y55>
<nhs:hasrdf:resource="http://www.semanticweb.org/ma8g13/NHSOntologygaTeam_Q5%4>
</rdf:Description>
The rest of the NHS and BNF CSVilre converted in the same manner as discussed above in
the examplesHowever, due to the size of the prescriptictestaset,it was not possible to convert
this data in the same manner as thestof the datasets. As a solution to this problem, the main
dataset was twice split into smaller files. The first split divided the data according to the region
that issued the prescriptions. The result was to have four relatively big CSV files, one for each

region of England as shown in table 1

The File Name Sizeon Disk | No. of Rows | No. of CSV | No. of converted
Subfiles RDF files

PDPI for London 421 MB 2,716,655 3 91

PDPI for South of England | 785 MB 4,549,124 5 152

PDPI for Midlands of 1.00 GB 5,656,377 6 189

England

PDPI for North of England | 1.06 GB 5,921,519 6 198

TOTAL FOZHH 18,843,675 | 20 630

Tablell: Details otthe splitting and converting steps for the prescriptions dataset

118



Chapter 5

A second split was needed to be able to handle these files in Excel spreadsheetstas/éhay
limitation in viewing of 1,048,576 rows at most. Therefore, the second split divided the four CSV

files into 20 smaller ones.

The transforming approach for these 20 files was by writing a Visual Basic scripojst
through the entire spreadsheebw by row anddentifiesthe cells needing tbe convertednto
triples. The script produceseveral texfilesthat includethe RDF statements. Each spreadsheet
produces around 35 RDF files. Tatdleshows more details about the files that were produred

the script code can be found in Appendix

5.2.2.3 Load

As the size of the data is big, a sufficient triple store to handle all the data is needed. After
consulting an expert in semantic web technologies about which triple store to use, GraphDB
(Ontotext, 2017was suggestedsraphDBs a free triple store that supports SPARQL queries and
inference. In thdJNIPRO$tudy, they managed to upload 17 billion triples via GraphR®rid

Wide Web Consortium, no date)

After downloading and installing the fresglition of GraphDB on a local computer, a repository
namedPrescriptionRepositonyas created locally. Firstlihe NHS, BNF and Prescriptions
ontologies (three OWL files) were uploaded into BrescriptionRepositorgecondly, all
produced RDF files from the previous step in total 639 RDF files were also uplbhdeddtal

number of statements in the repositosp far is 227,563,11&atements, see figurdl.

Local

&

PrescriptionRepository - Prescriptio... © an

ES
J

total statements 151.759.008 explicit

227563112 75.804,104 inferred
1.50 expansion ratio

Import RDF data

Import tabular data with OntoRefine

Export RDF data

Figure4l: The PrescriptionRepositmformation in GraphDB
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5.2.3 Querying Interface

The last component in the prescriptiodemonstrator is the querying interface, where retrieving
data and discovering features take plaGraphDB, the chosen triplestore, contains a SPARQL
endpoint for querying the uploaded semantic data in the repository. This service is used to test

the uploaded data and ontologies in the prescriptions demonstrator.

In this section, several testing queries are provided and implemented across the three ontologies
to test different SW featuredn each example: a) the question to be asked, b) the translated
SRARQL query of this question, c¢) the resulted output and d) a diagram that shows the triples

used in answeringre illustrated
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5231 Testing the NHS Ontology

This test case is about checking the validity of information retrieval from the NHS ontology. This

ontology is by itself interesting asvitas designedby integrating several spreadsheets. The

jdzSadAaz2y G2 oS IyagSNBR Ay (KAa GSad OFrasS ia

PREFIX nhs: <http://www.semanticweb.org/ma8gl3/NHSOntology#>
PREFIX org: <http://www.w3.org/ns/org#>
PREFIX foaf: <http://xmlns.com/foaf/8.1/>

SELECT
?giveniame ?familyMame 2GMC
WHERE
{
?region a nhs:RegionalOffice.
?AT a nhs:AreaTeam.
?ccg @ nhs:ClinicalCommissioningGroup.
?practice a nhs:Practice.
?branch a nhs:Branch.
?employee a nhs:Employes.
?region nhs:has 2AT.
2AT nhs:has ?ccg.
?ccg nhs:has ?practice.
?practice nhs:has ?branch.
?branch org:hasMember 2employee.
?region nhs:name "Londen".
?employee nhs:jobTitle "General Practitioner”.
?employee foaf:givenllame 2givenlame.
f:familylame 2familyName.

?employee foaf:
hs

?employee nhs:GMCHumber 2GMC.

Figured42: A SPARQL Query for Testing the NriSIQyy

To answer the test questiom SPARQL query is implementedas be seen in figuré2. In this

j dzSNBESZ GKS FANRG adSLI Aa 02 ARSydAaATe (GKS NB3
the area teams thasire connectedvith this spedfic regional office is the next step. Going down

to the next level of the taxonomy of the NHS, the CCGs linked to the identified area teams are
chosen. After that is the need to identify all the practices thia linkedto the identified CCGs

followed by, if possible, identifying any branches for these practices is next. Finally, the set of
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Figure43shows the data elements (classes and propertisgd toanswer the test question. Six

Figure43: Theelements used in testing the NHS ontology

classes fronthe NHS ontology are involved in answering the query, waiehi) RegionalOffice,

ii) AreaTeam, iii) CCG, iv) Practice, v) Branch and vi) Employee
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givenName familyName GMC =
Adedaya Adedeji 2509777
Simisade Adedeji 61487464
Kamrun Hossain 5176732
Mohammed Fateh 1431043
Mohammed Fateh 1431043
Alex Duodu 5199971
Mina Goyal 2253777
Sneha Amin 7084988
Ndalai M. Abaniwo 4058564
Abdul Qureshi 1487312
Shansun N Ahmad 1428452
A Adewole 6142239
A Sharma 6070168
R Hara 5191937
S Raza 6040246
A Adewole 6142239
R Hara 5191937
S Raza 6040246
Chandima Thalahitiya 7041169
Humayan Ahmad 2473485

Chapter 5

Figure44: Asnapshot of the results of thdHSontology testing use case

The full results of the quergre downloadedas a CSV file that has more than 5000 rdvigure44

shows only a relatively small part of the results.
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5.2.3.2 Testing the BNF Ontology

This section is for testing the integrity of the BNF ontology. The BNF gptmicludes a

hierarchical representation of the supported BNF drugs. Therefore, the test question is chosen to
RSY2yadNIGS GKS GlFrE2y2YeéQa NBLINBaSyidaldazy 2F az2vS$
AdY G2KEFEG FNB GKS FOlLadtloftsS GAlrYAYyaQ LINBaSydal daAz2y.

PREFIX rdf: <http://www.w3.org/1999/82/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.org/20082/07//oul#>

PREFIX rdfs: <http://www.w3.org/2808/01/rdf-schema#:
PREFIX xsd: <http://vwaw.w3.org/2801/XMLS5chema#>

PREFIX bnf: <http://www.semanticweb.org/ma8gl3/BNFOntology#:>

SELECT
Ypresentation_name ?presentation_code
WHERE
{
?section a bnf:Section.
dsection bnf:iname “"Vitamins”.

fparagraph bnt:belongTo ?section.

?subparagraph bnf:belongTo ?paragraph.
?chemical_substance bnf:belonglo ?subparagraph.
fproduct bnf:belongTo ?chemical substance.

?presentation bnf:belongTo ?product.

fpresentation bnf:name ?presentation_name.

?presentation bnf:code ?presentation_code.

Figured45: Theimplemented query for th@NFontology testing use case

Figure45showsthe implemented query for answering the test question. The first step in

FyagSNAY3I (GKS ljdzSadAzy Aa G2 FAYR GKS @GAllYAya asSo
next step is concerned with finding all the scditegories of the vitamins sectipatarting from

the sectionlevel up to the presentatiottevel. The involved sulevels in order area) paragraph

b) subparagraph, c) chemical substance and d) produne final step in this query is to identify all
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Figure46: Thedata used in tha8NFontology testing query

Figure46 shows theuseddata elements in the BNF ontology. The used classes in this test case
are: i)Section ii) Paragraph iii) Subparagraphiv) ChemicalSubstance) Productand

vi) Presentation
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Figure47: Snapshobf the results of thdBNFontology testing use case

presentation_name

Vit A_Inj 300,000u/ml 1ml Amp
Wit A_Soln 25,000u

Vit A_Strong Cap 50.000u
Wit A_Tab 50,000u

Vit A & D_Cap

Vit A_Soln 100,000u/ml

Vit A_Inj 50,000u/ml 2ml Amp (0Id)
Wit A_Tab 10.000u

Vit A & D_Cap 2,500u/250u
Vit A_Cap 4.500u

Vit A_Cap 5,000u

Vit A_Cap 4.000u

Wit A_Tab 5.000u

Vit A_Tab 50,000u (Import)
Vit A_Oral Dps 5.000u/0.1ml
Vit A_Lig Spec 25,000u/5m
Vit A_Soln 150,000u/m

Vit A_Inj 50,000u/ml 2ml VI
Retinol_Oral Dps 150,000u/ml
Vit A_Inj 50.000u/ml 2ml Amp
Ro-A-Vit_Tab 50,000u

Ro-A-Vit_Inj 300,000u/ml 1ml Armp

presentation_code

07060TDOAAADAD

0?060TDOAAAEAE

07060TDOAAAFAF

0?060TDOAAAGAG

0%0601MDOAAAHAH

0?20601DOAAALAI

070601TDOAAATAT

0?060T1DOAAAKAK

0%060MDOAAALAL

0?20601DOAAAMAM

020601MDOAAANAN

0R060MDOAAAPARP

0?060TMDOAAAQAQ

07060TDOAAARAR

0?060TIDOAAATAT

02060MDOAAAUAL

0?0601DOAAAVAY

020601MD0AAAWAW

0?0601DOAAAXAX

0Z0601MDOAAAYAY

0?060TMDOBBAAAG

070601TDOEBABAD

Chapter 5

Figure47 showspart of the results retrieved in order tanswer the implemented query. The

original downloaded CSV file has more than 3000 rows.

126



Chaper 5

5.2.3.3 Testing the Prescriptions Ontology

The third and last test problem is for the prescriptions ontology. The prescriptions ontology has a
simple design with only a silegclass namely thBrescriptiorclass. To test thprescriptions

ontology,i KS F2ff2¢Ay3 [dSaGA2y 61 & LRASRY a2 KL
LINBEAONRLIGA 2y aKéE

PREFIX rdf: <http://www.wd.org/1999/82/22-rdf-syntax-ns#>

PREFIX owl: <http://www.w3. org/2802/87/owl#>

PREFIX rdfs: <http://www.w3.org/2008/01/rdf-schema#>

PREFIX xsd: <http://www.wd.org/2001/XMLSchema#>

PREFIX pres:<http://www.semanticweb.org/ma8gl3/prescriptionOntology#>

SELECT
fprescription ?NIC ?items

WHERE
1
prescription a pres:Prescription.
prescription pres:NIC 2NIC.
!prescription pres:items ?Pitems.

h

Figure48: Theimplemented query for the prescriptianontology test case

Figure48showsthe used SPARQL query used to retrieve all the prescription instances. This query

A& AAYLAES Fa AlG 2yfteée ARSYGAFASA Fft (GKS dzLX 2
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Figure49: Theused data in the prescriptions ontology test query

Figure49 showsthe involved class and data properties in the prescriptions ontology, which are

the Prescriptiorclass andNICanditemsdata properties.
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prescription 2 NIC + items —

pres:prescription_london_1 17.88 1
2 | pres:prescription_london_10 10.7 5
3 | pres:prescription_london_100 163.56 3

pres:prescription_london_1000 37 1
5 | pres:prescription_london_10000 52 1
6 | pres:prescription_london _10001 10948 17

pres:prescription_london_10002 281 2
8 | pres:prescription_london_10003 280.08 36
2 | pres:prescription_london_10004 43.56 &
10 | pres:prescription_london_10005 82.86 3

pres:prescription_london_10004& 291 1
12 | pres:prescription_london_10007 12.51 1
13 | pres:prescription_london_10008 467 2

pres:prescription_london_10009 461 2
15 | pres:prescription_london_1001 15.6 2
16 | pres:prescription_london_10010 60.68 1
17 | pres:prescription_london_10011 412 2
18 | pres:prescription_london_10012 51.56 1
19 | pres:prescription_london_10013 36.4 40
20 | pres:prescription_london_10014 2578 10
21 | pres:prescription_london_10015 29.62 1

Figure50: Asnapshotof the results of the prescriptions ontology test case

Although this query is a simple one, the number of retrieved data instances is Sugea total
demonstrates the capability of the SPARQL technology to handbatigFigurés0 showsa part

of the retrieved results as the number of rows in the CSV files exceeds 18 million.
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5.2.3.4 Testing the Integration of the Three Ontologies

This test case is abouhiestigating the integration process for several ontologies which can show

the capability of the SW in handling such integration. The case design involves: a) the BNF

ontology, b) the NHS ontology and c) the prescriptions ontology. The integration testtaquis:

G2 KId FNB G(KS LINBAONRLIiA2ya GKEG ¢ SNB

WncamaHH. n!t 11 1. QKE

PREFIX rdf: <http://www.w3.org/1999/802/22-rdf-syntax-ns#>
PREFIX owl: <http://www.wd.org/2002/07/owl#>

PREFIX rdfs: <http://www.w3.org/2008/01/rdf-schema#>

PREFIX xsd: <http://www.wd.org/2001/XMLSchemad#>

PREFIX nhs: <http://www.semanticweb.org/ma8gl3/NHSOntology#>»

A aadz

PREFIX pres:<http://www.semanticweb.org/madgl3/prescriptionOntology#>

PREFIX bnf: <http://www.semanticweb.org/madgl3/BNFOntology#>

SELECT
fprescription ?NIC ?items
WHERE
1
?practice a nhs:Practice.
Yprescription a pres:Prescription.

?bnf_presentation a bnf:Presentation.

?prescription pres:contain ?bnf_presentation.
?bnf_presentation bnf:code "8601822BBAAABAB™.

fprescription pres:issuedBy ?practice.
?practice nhs:code "PE2822".

2prescription pres:NIC 2MIC.
?prescription pres:items ?2items.

¥

Figure51: Theimplemented query for testing the integration of all three ontologies

Figure51 shows thequery used in answering the test question. This query involves integration of

the prescriptions ontology with the BNF ontology and the NHS ontology. Firstly, in the BNF
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Figure52: Thedata used to test the integration of all three ontologies

The classes involved in the three ontologies a)dPresentatiorirom the BNF ontologyh)

Prescriptiorfrom the prescriptions ontology ang) Practicefrom the NH®ntology, sedigure52.
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Figure53: Asnapshot of the results of the integration of all three ontologies

The results of this specific integratiane shownin figure 53. Nine specifiprescriptionsare

identified out of millions of records.
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5.2.35 Testing Inference

¢tKAa GSaid OFasS RSY2yaidNridSa |y SEFYLXS 2F (K
relationships out of known ones is what is tested here. The test caskinghis section illustrates
AYFSNNAY3I |y 202S00 NBflFIOGA2YyaKALI FNRBY | (y2¢

known facts defined in the BNF ontology are:

1) aProductbelongsTa ChemicalSubstance

2) the hasobject property is the inverse of theelongTqroperty

The aim for this use case is to test if the reasoner is able to infer l@aeaicalSubstance has a
Productbased on the two known facts mentioned aboVée testing question in this case is:

G2 KFEG FNB GKS . bC LIdENR dh@idchloridecheinica dulsdtancdiikti®eir a S
AYINBRASy(GaKé

PREFIX rdf: <http://www.w3.org/1999/82/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.org/2002/87 /owl#>

PREFIX rdfs: <http://www.w3.org/2008/81/rdf-schema#>
PREFIX xsd: <http://www.w3.org/2001/AMLSCchemai#>

PREFIX bnf: <http://www.semanticweb.org/masdgl3/BNFOntology#>

PREFIX pres: <http://www.semanticweb.org/madglli/prescriptionintology#»
SELECT
fproduct ?name ?code
WHERE
1
?chemical substance a bnf:ChemicalSubstance.
?chemical substance bnf:name "Metformin Hydrochloride".

?chemical substance bnf:has ?product.

?product bnf:name ?name.

?product bnf:code Fcode.

Figure54: Thequery that was implemented to test for inference
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This query tests if the reasoner is able to add the inferred tripleemicalSubstandes Product

to the alreadyknown facts Figure54 showsthe implemented query identifying the chemical

adzoaidlyoS yIFrYSR WaSiTF2N¥AY

| @RNR OKEf 2NARSQ

with the identified chemical substanceavihe inferred propertyarealso identified
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Figureb5: Thedata used in testing the inference query

This test case involves tiighemicalSubstan@ndProductclasses with théelongToand its

inversehasobject properties, seéigure55.
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5.2.3.6 Testing Aggregation

The final use case is tosiethe aggregation feature in SPARQL. Aggregation is to apply expressions
like COUNT, SUM, MIN, MAX over some selected groups of solutions using the GROUP BY
1S862NR® ¢KS OK?2 a SWichir&ticé Hayissuel tieSimgedt Buyhbehad Y d
prescripi A 2y aKé ¢KS 1S@& 62NR Ay GKAA ljdSadArzy Aa

some sort of counting (summing) involved, as well as some sort of a comparison techniques.

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX owl: <http://www.w3.org/2802/67/oul#>

PREFIX rdfs: <http://www.w3.org/2008/01/rdf-schema#>

PREFIX xsd: <http://www.w3.org/2001/XMLSchemat>

PREFIX nhs: <http://www.semanticweb.org/ma8gl3/NHS0ntology#>

PREFIX pres: <http://www.semanticweb.org/madgl3/prescriptionOntology#:
PREFIX bnf: <http://www.semanticweb.org/ma8gl3/BNFOntology#>

PREFIX org: <http://www.w3.org/ns/orgi#>

PREFIX foaf: <http://xmlns.com/foaf/@.1/>

SELECT

?!practice (COUNT{?prescription) as ?Mi¥number0fPrescriptions)
WHERE
1

!prescription pres:issuedBy ?practice.

¥
GROUP BY ?practice

ORDER BY DESC{?MA¥number0fPrescriptions)
LIMIT 1

Figure57: Theimplemented query for testing aggregation

The query that answers the testimgiestionis shownin Figure57. The first step in thiguery is to

find all the prescriptions that have been issued by practices. The aniewhds part of the query

is a sintg solution with millions of records in it. However, what is needed is to group these
records into suksolutions based on some criterighisis performed in the GROUP BY part, where
the identified prescriptions are grouped based on the issuing practiter. grouping the
prescriptions based on the practices, the number of prescriptions in each group is counted using
the COUNT keyword. The final step is to order the groupsdiesaendingrder and shows the

first group only as it will be the one with tlreaximum number of prescriptions.
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Figure58 shows the involved data concepts in this querPri@scriptiorand ii)Practice

practice = MAXnumberOfPrescriptions :

nhs:practice_M85063 % MOS&7F edkintager

Figure59: Asnapshot of the results of testing aggregation use case
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The result of the asked question is a single record that shows the practice that issued the

maximum number of prescriptionseeFigure59.
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5.3  Analysis

The aim for building this demonstrator was to test and illustrate different uses for the SW in a
health-related topic. Specifically, this demonstrator focused more on testing representing,
integrating and exploring data because these features were the ones most used in the literature.
The SW features taxonomy presented in the systematic review chaptet Zisisbfeatures
categorised under five main features. In this analysis, the features used in the prescriptions
demonstrator are discussed with the main affordances and challenges faced during the process.

Figure60 highlights the featuresised in the presiptions demonstrator.

Building New
Ontology
N Data | | Reusing an
Representation Ontology
-1 Converting DatI1
Exploring
(querying)
Knowledge | | Reasoning ove
8 Discovery Rules
5 || Checking
= Inconsistencies
O L
L _ - Manually
; | | Updating
Knowledge
n -1 Automatically

- Remotely

Data Integratiorg=

Locally

Open Access
Data Sharing -I:

Restricted Accegs

Figure60: The SWeatures taxonomy for the prescriptions demonstrator

5.3.1 Data Representation

Regarding data representation, the prescriptions demonstrator represents the domain of

dispensed prescriptns in England. Data representation was achieved by building three
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ontologies representing three targeted, interlinked domains: i) dispensesgpiptions
information, if) NHS organisational structure and iii) BNF medication data. The built ontologies for

representing these domains are the NHS, BNF and Prescriptions ontologies.

From a technical point of view, designithgse demonstration ontologies was an affordable task
for a person with some technical background, especially by using supportindiked®otégé
(Musen, 2015) to simplify the jolhe availability of useriendly toolsand interfaces for

browsing and displaying dateould encouragdurther adoptingfor the SW approacln health
researchMoreover, the process afesigning ontologiesan benefit from the availability of
supporting tools for handling the syntax of the of the design. Howeénegalcase scenarios
designing ontologies a complicated tasthat involves decisions on the semantics of the design
as well.Deciding on the ms&t suitable design for an ontology could be a challenginggotihe
designing process demands some sort of human creativity and not only following uniform steps
(Huet al., 2012) Computer scientists, as well as domains experts (in this case: health experts)

should cooperate in planning for the design to achieve satisfactory results.

Besides building ontologies, the acts ofugsing ontologies and converting instances were tested
as well. There were some borrowed vocabularies ftbenOrganization ontology (OR®Yorld

Wide Web Consortium, 2014ndthe FOAF ontologgBrickley and Miller, 201Q)sed when

building the NHS ontology. The-using feature in this experiment was limited in usage but could
be expanded by mappg more pharmaceutical terms with the defined terms in the BNF ontology.
There are many drugelated ontologies available in the LOD that could besed in this

scenario.

wS3IIFNRAY3I GKS O2y@SNIAY3I TSI GdzNBZI leiekaSdtvl G GNIF yaF2l
different approaches were employed. The first approach was automatic by OgiegRefine

(Google, 2010xombined with designed mapping rules. The second approach used manually

scripted code to traverse a spreadsheet row by row and transform data within it into structured

data in RDF form. The existence of automatic efficient converting tools that can Hagdle

amounts of data helps in facilitating the SW experience.

5.3.2 Data Integration

The integration featurén this topic played an important role. The prescriptions topic was chosen
based on its suitability to represent heterogonous data integration. The pptiens data works

as a link between pharmaceutical medication information and health management information

about the prescriber. The ability to link different types of data by using standards is considered

one of the most significant advantages of th& 3t is the main concept in the SW vision,
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implemented by using the Linked Data paradigm. An important condition in applying this linkage,
that the success of the process relies on, is the ability to handle big data. The amount of data
available nowadayis huge and so to achieve the basic idea of the SW vision in linking data
concepts within documents, there is a crucial need for technologies to support this aim. In the
prescriptions demonstrator for example, the triple store was able to handle the bayatof the

data and SPARQL queries were successfully retrieved, but with delays in some cases. However, in
one of the tools responsible for generating graphs for the uploaded data in the repository in
GraphDROntotext, 2017)the tool was not able to handle th#g amounts of data presented to

it. It is reasonable to conclude from the egitte gathered that the SW vision is still hindered by

some technical challenges that hopefully can be resolved in theawstlistant future.

5.3.3 Knowledge Discovery

The third component in the prescriptions demonstrator was a queryiteface, a tool to sezh

and explore the uploaded data in the triplestore. In this experiment, the querying feature in the
SW was focused on more than reasoning. Searching for information in a database is one of the
primary tasks in any data system. SPARQL managed to ratifearent answers for a range of

test questions. For example, SPARQL was used successfigfyreégating information and
performing some arithmetic calculations on the targeted data using the endpoint provided in

GraphDROntotext, 2017)

Reasoning and checking inconsistencies were tested and used narrowly. The Pellet reasoner was
used inchecking for inconsistencies in the ontologies design. It was mentioned that the designs of
both BNF and NHS ontologies were updated based on the revealed inconsistencies. The SW has a
range of flexibility in handling adding and deleting facts from thelkadge base. Defining

schema in the SW happens by defining a group of triples just like the instances themselves, which
makes updating the schema just as flexible as updating the instadpesting data was

performed easily via the UPDATE and DELETErpespaf SPARQL.

Regarding reasoning over rules, in this experiment there was no definition for semantic rules in
{2w][®d |1 26SOSNE AYFSNBYyOS 41 a LISNF2NX¥SR o6& (S
WA y @ SadBxplairgdredrlier in the inferemtesting case. The system succeeded in adding new

knowledge to the already known knowledge at run time.

The data sharing feature was not tested in this experiment because the prescription
demonstrator was built as a simple preofFconcept model that wasot intended to be shared
publicly. The design of the ontologies is very primitive and in its early stage. Perhaps, in the

future, this model could be improved and the ontologies for BNF, NHS or prescriptions can be

141



Chapter 5

shared in the LOD. This type of projeeeds a team of health experts from the three topics

working together with ontology engineers. Having said that, during the time of the study the
designed ontologies and the converted instances, were shared with the social sciences, social data
and the semantic web (S3W) projechat aim to identify the challenges and opportunities of

semantic linked data for social science research. A8%¢d demonstrator will be developed to
address health inequalities questions by converting sections of the Englisttudomg Survey of

Ageing (ELSA) and the Great British Class Survey (GBCS) into semantic linSsveleta

ontologies will be linked to the demonstrator suchths developed BNF ontology in this thesis.

534 Limitations

The proofof concept system that was implemented has some limitations. The main shortage in
the prescriptions demonstrator is the simplicity of the ontological design. The design followed the
Extract, Transform and Load (ETL) process, which extracted the main concepts from the chosen
datasheets andimplemented them as classes and properties. Only one version of each of the
chosen datasets was chosen for modelling the system. Regarding thendinesih use cases,

they were sample cases not necessarily representing real case scefhatied,to properly

evaluate the efficiency of a technology there are many factors to be considered; for example: a)
performance, b) query response time and c) irecision of the retrieved results. These factors
were not focused on in this current work. The SW was evaluated on its abitigrfiarm a certain

task. Some of the SW features that were not tested in the prescriptions demonstrator were: i)

data sharingand ii) reasoning over defined rules.
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5.4  Summary

The aim of this chapter is to illustrate the SW features used in a fmfecdncept health research
demonstratorin order toanalyse any affordances or challenges that may face the user of the SW
in addresig health questionsThe third research question is continued to be answered from a
practical point of viewThe chosen health topic for the demonstrator is based on the results of
the identified topics in the systematic review, as well as choosing a tbat is qualified to

represent the different SW features, such as data integration. The issue of dispensed NHS

prescriptions in England was chosen as it links pharmaceutical and health management domains.

The prescriptions demonstrator consists of threain parts: iData Access, ii) Mapper and iii)
Querying Interface. The data used in developing the demonstrator was basically seven open
datasets representing the BNF drugdated data, NHS dispensed prescriptions and NHS
organisation information. Therpcedure for mapping the seven data sets into semantic data was
Extract, Transform and Load (ETL). Three interlinked OWL ontologies were designed: i) NHS
ontology, ii) BNF ontology and iii) prescriptions ontoldggtances were converted to RDF
manually &ad automatically and then uploaded into the GraphDB triplestore. Several testing

SPARQL queries were successfully run across the ontologies and data.

The learnt affordances from this experiment were: i) the ability and flexibility in representing
different health-related topics, ii) the ease of integrating data locally and iii) the possibility to
explore linked data via queryin@ertain technical issues were noticed in the process of
implementing the SW demonstratoNot all available tools were able tamdle big data

efficiently such as iquerying, graph displayimgy converting to RDF.
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Chapter6 | S f 0K wSaSISNDKWY SGg 2

In the previouschapter, the process of developing the prescriptions demonstrator was discussed.
The demostrator represents the dispensed prescriptions in England, where various

pharmaceutical or health management questions could be addressed via the system. In this
chapter, two real case scenarios are addressed using the prescriptions demonstrator. Tlie aim o
this chapter is to demonstrate how health questions can be translated into SPARQL queries and
answered using SW standards. In addition, analysing any accompanying affordances or challenges
that emerge during the process is aimed as well. Therefore,hing tesearch question continge

to be answered in this chapter.

The purpose of choosing the cases that are used is to find interesting wrekdthd questions

FNRBY | KSFfGK NBaSHNOKSNRa LRAyG 2F @ASé FyR
The first case comes from the traditional health literature and addresses the issue of health
inequalities in prescribing antliabetic medicines across England. The second case was suggested
by health researchers in a focus group. It is about invetitigahe relationship between

prescribing antidepressants and living in a coastg/town in England. Both of these cases are
translated into SPARQL queries and submitted to the prescriptions demonstrator. The following

sections discuss in details thdlfaed approach and results for both cases.

6.1 Case One: Prescribing Inequalities for Diabetic Medications

Studying and analysing variations in prescribing patterns across geographical locations is an
interesting health topic featured in the literature. Onéthe papers that discussed this topic in

the health literature isba I LILJA Y3 9y 3If AaK Dt LINBEEONR &dved R
Ay S| dzl(Rowlingsdeal, 2013) In this paperprescription data, together with other

datasets, were integrated to answer health inequality questions and place the answers on

interpretable maps.

6.1.1 Case Description

The chosen questioim this case is to address any health inequalities in prescribing diabetes
medication across England. To provide an andthweicost per person rate for metformin
KERNRBOKf 2NARSQAa LINBAONRLIIAZ2Yy A AasituesibtOdzedind SR
(Rowlingsoret al., 2013) The metformin hydrochlorides usedor treatingdiabetes. There are

different products to prescribe derived from the metformin hydrochloride formula. ddst per

145



Chapter 6

person raé was calculated byusnming the net ingredient cost (NIC) for all metformin
hydrochloride prescriptions per practice. The next step ditae the total costs bthe total

number of people registered in the same practice.

To be able to calculate the cgser person rate, different pieces of information in several datasets
need to be brought togetheRowlingsoret al.(2013)used several datasets from open sources,
such as the NHS dispensed prescriptions data. In this current case, the prescriptions demonstrator

is used to address the same problem as in the paper.

¢KS ySEG &a30SLI A& G2 (NI y Hpérpeisén raieKddmdifalz@ira G A 2y Y a2 KF G
hydrochloA RS LINBAONR LIWGA2y a Ay 9y 3Af tissdhdnée indeNdriting Y2 G KSNJ ¢
RAIFLOSGADO YSRAOFGAZY Ay 9y3afl yRKE

6.1.2 The Query

To answer the cost per rate question, data concepts from the three interlinked ontologies in the
prescriptions demonstratoare employed. To find thihe net ingredient cost for metformin
hydrochloride prescriptions, integrated data frahe prescriptions and BNF ontologies are
retrieved, while the number of registered people in a practice that prescribed metformin

hydrochlorice is calculated from the prescriptions and NHS ontologies.

The cost per person rate for prescribing metformin hydrochloride in England is calaculated by

writing a SPARQJuery consisting of five steps:

1) Identifying the metformirK @ RN2 OKf 2 NARSQa LINPRdzOGa | yR LINBASYll
2) LRSYGATeAyad (GKS tAYy]1SR LINBAaONARLIiA2yada 6AGK GKS Y
3) Calculating the total NIC .

4) Finding the total number of registered patients.

5) Calculating the cogper-person rate.

Figure61shows the translated SPARQL query for the-pesiperson rate question, while figure
62 shows the five steps and the classes and ontologies used in the prescriptions demonstrator.

Next, each step idiscussedn detail with a focus on the ontologicdimension.
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Step 1

Identifying the
Metformin
Hydrochloride’s
products and
presentations

Step 2

Identifying the
linked
prescriptions with
the Metformin’s
presentations

Step 3

Calculating the
total NIC (a)

Step 4

Finding the total
number of
registered patients

()

Step 5

Calculating the
cost per person
rate ()

Figure61: The SPARQ@uery for finding the cosper-person rate
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Step 1: Identifying metformirhydrochloride products and presentations

Out of 4,379 chemical
substances, 1 specific

ChemicalSubstance chemical sub.stance was
chosen, which specify

the condition of having

the code "0601022B0".

name

code

Out of 33,990 products,
13 specific products
name were chosen, which
Product specify the condition of
code belonging to the
previous specified
chemical substance.

Out of 76,812
presentations, 53
specific presentations
were chosen, which
specify the condition of
belonging to the
previous specified
products.

name
Presentation
code

Figure63: Ste 1 of the cosper-person query

Figure63 showsthe first step in the cosper-person query representing a series of relationships

betweenChemicalSubstance, Product and Presentatiasses in the BNF ontology.

The problem addressed in this case is to find the-pesiperson rate for metformin

KeRNROKf 2NRARSQa& LINB & ONR LIG AfRsy the metfofiminZhémicaf & & ¢ 2
ddzoaidl yo0S .bC O2RS ySSRa (2 0S &aBNSYIAtAeBAR® L
72 dataset, there are 4,379 different listed chemical substances. The first part of the query is
saying that from these 4,397 instances of the claeemicalSubstancene specific instance

needs tobe identifiedthat uniquely assigned KS . b C O2RS WncnamMnHH. NnQ®

After identifying this specific instance of tdhemicalSubstanadass, all the attached products
that belong to this instance need twe found In the BNF ontology there are 33,990 declared
instances of the clad®roduct Outof these instances, there are only 13 different instances of the

classProductattachedto the specific identified chemical substance.

Similarly, the next step is to find all the presentations that belong to the 13 identified products. In

the original BNEataset, there are 76,812 different presentations of medical products. Only 53
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specific presentationare identifiedthat belong to the 13 identified products that belong to a
ALISOAFTAO OKSYAOFKt adzmaidlyOS KL U edemtationsiK S O2RS Wncni
explainedin the next step by showing the relationship between the BNF presentations and the

prescriptions.

BNF_JCRERISSISED =2
2060102280

11022E0BGHME

Figure64: the links between the chemical substance coded '0601022b0' and its related products

and presetations

For more clarification GraphDB (the triplestore used for the prescriptions demonstrator) has an

automatic tool for producing graphs froqueries. Figuré4 showsan overview of the

NEBfFGA2YyaKALIAQ &aSNASE SELX langeSpodktsdii A SN 6 Si6SSy (K
presentations. The red coloured circle in the centre represents the@ngmicalSubstance

Ayaidl yoS GKIFG KFa GKS 02 R Showmeddidentified prodcs ¢ KAt S GKS
that are attachedo this chemical substance byelbelongTagproperty. Finally the green circles

NBLINSASY(d (GKS po RNlzadinthe hdktBiépSry/agsbaintios with thel K & | NB
Prescriptiorclass in the prescriptions ontology.
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Step 2: Identifying the linked prescriptions with th€ SG F2 NY Ay K& RNR OKf 2 NA R

Each prescription has a NIC,
30 presentations out of the 53 which will be used in

identified have been calculating the total NIC.
mentioned in one or more

prescription

196,012 prescriptions.

out of 18,843,675 are Each prescription is issued
linked to the 30 by a specific practice ) J
identified presentations. name J
——numberOfPatients
name. T — )
Presentation Prescription Practice | postCode——
code [_prescribingSetting S J

“code__

-

Figure65: Step2 of the costper-person query

From the previous step, 53 instances of fkesentatiorclassare identifiedas those instances
that belong to the metformin hydrochlor&lchemical substance. In this step, the prescriptions

that are linkedto these presentations ariglentified (see figuré5).

In the grey section of the main cegér-person query (see figur@l) the systenperforms a

search on more than 18 million presdigns to identify a subset of 196,012 instances. There are
more than 18 million uploaded instances of the clBssscriptiorin the triplestore. In this step,
only those instances thare linkedto one of the 53 BNF presentations via tentainobject
property are identified. 196,012 instances of tReescriptiorclassare identifiedas well as 30

instances of thé’resentatiorclass, which are linked specifically to these prescriptions.

Furthermore, in the design of the prescriptions ontologgch instance of th€rescriptiorclass is
linked toseveral data propertiesThe data property that is important in this use case is the NIC,

which is used in the next step to calculate the totdCNber each practice.

Finally, each one of the 196,012 instances ofRinescriptiorclasss linkedto one instance of the
Practiceclass via the object propertgsuedByr 1 cT17 ARSYUAFASR Dt 4Q LINI
for metformin hydrochlorideFor each practice, two data propertiase retrieved codeandname

as these practices play a significant role in the next steps.
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Step 3: Calculating the total NIC per practice

First Second
Divide the 196,012 In each group, find the total
prescriptions into NIC value by summing the NIC
groups according to value of the prescriptions in
the issued practice. this group only.

"
name
> N

numberQfPatients
Prescription prﬁustcude»—ﬁ J

prescribingSerting

—— J

code.
]

Figure66: Step3 of the costper-person query

After identifying the 196,012 prescriptions for metformin hydrochloride, the next step is to
calculate the total NIC for all these prescriptions per praciiceperform this steptwo substeps

areneeded, see figuréeé.

First, those 196,012 instances of tReescriptiorclass musbe dividedinto groups according to
the issuing practice linked to therfthismeans that each group contains all prescriptions for a

specific practice. SPARQL provides the keyVaR@UP Bg perform such a task.

The second step is to sum the NIC values attath@gch prescription for each grouphismeans

that if the number of the issuing practices in this quier$00, then 100 groups and accordingly

100 total NIC values must exist. To penfichis step, the buiin summation function in SPARQL
SUMis used.

Table PshowstenSEF YLI S& 2dzi 2F 7vX71cT INRdzLIA ®RBNJ LINF OGAOSa
dividedaccording to the issuing practice. Each gr@mipssociatedvith only one practicebut with

one or more prescriptions. The total NIC value in the last column is the result of summing the NIC

values of the linked prescriptions in each group. &@mple,THE DENSHAM SURGHRBYCtribed

26 prescriptions for different presentations of theathical substance metformin hydrochloride,

and these drugs cost a total of £ 710.65.
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Group | Practice | Practice Name Number of linked | Total NIC per
ID Code prescriptions practice

1 A81001 | THE DENSHAM SURGERY 26 710.65

2 A81002 | QUEENS PARK MEDICENTRE 41 2799.01

3 A81004 | WOODLANDS ROAD SURGERY | 29 1479.3298
4 A81005 | SPRINGWOOD SURGERY 24 902.99994
5 A81006 | TENNANT STREET MEDICAL praq 30 4034.42

6 A81007 | BANKHOUSE SURGERY 39 1280.7402
7 A81009 | VILLAGE MEDICAL CENTRE 22 1079.1201
8 A81011 | CHADWICK PRACTICE 27 2916

9 A81012 | WESTBOURNE MEDICAL CENTR 29 801.9599
10 A81013 | BROTTON SURGERY 23 886.37006

Tablel2 AnSEl YLX S 2F G(GKS LINBAONALIIAZYAaQ R

Step 4: Finding the total number okgistered patients

The total number of register patients in each of the
7,767 practice is retrieved from the }

numberOfPatients data property. A

name
- ]

numberOfPatient?
Practice code— J
prescribingSetting

/\ > J

code

Figure67: Step4 of the costper-person query

This step concentrates on finditige total number of registered patients in each practite.find
the total number of registered patientshe data propertynumberOfPatientaittached to the

Practiceclasss used in thejuerysee figureb7.
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Step 5: Calculating the cost per person rate

Calculating the cost per persen rate by dividing the result of the step3 {the total
NIC for the 7,767 prescriptions groups) over| (the total
number of register patients in the 7,767 practice).

Step 4 - J

postCode —
prescribingSetting J

code

]

Prescription Practice

Figure68: Step of the costper-person query

In the final step, the cogber-person rateis calculatedy dividing the total NIC per practice
computed in step 3, by the tota@lumber of registered patients in each practice found in step 4
(see figureb8). SPARQL provides the arithmetic operation dixi¢/) as shown previously in the
green highlighted section in the ceger-person query (see figurgl).

6.1.3 Results

In Rowlingsoret al(2013)the results were presented as colour coded maps where the bright blue
points presented the lowest cogter-person rate, through dull blue, grey, dull red and bright red
representing the highest rate. FiguB® shows the cosper-person rates on a Londonap

(source: Rowlingsoet al., 2013)

154



Chapter 6

IX X
\-\\\; ‘(\
6] & «
.'.0 \
Vo e O
; 0 8 0“5‘83‘
D ® @
9 5 P QI APV Sosned o T o
e L.’,.Ol~ j
/", N
_— ) ’\\
® /™ 4 '
L7 =
oL - :
‘ e
/ /, >
Ew‘;:”“’ . g“'"’( .
VD el <4 O £ : iy N
o \ g - . 1’," \.\l'

LN
X

| i.é . / : ‘ Y &
WL : S § ountee/ S, sassan

Figure69: Costper-person for Metforminspending in LondoRowlingsoret al., 2013)

In an attempt to simulate some of the results reportedRgwlingsoret al.(2013) the results

from the costper-person query were downloaded as a CSV file. Then, the results were colour
coded in the same manner from light blue to dark eetording to the cosper-person rate. In

the Rowlingson paper, rates higher than 0.5 were excluded; thus, the same process is performed
2y GKA& OdNNByid SEI YL SQ&a NBadAZ Gad wkisSa KA3

aspurpleresults in fgure 70.

Figure70shows the percentage of each of the colour coded rates in the results. Most of the
practices in England have a spending rate for metformin in the rate range from 0.1 to 0.2. Less
than 10% of the practices have high spending rafevk 13 shows a glance of the colour coded

results in the CSV downloaded file.

As seen from the figures, the SW technologies were able to deliver similar results as in other
traditional linked data approachedespite the existence of some discrepandieshe exact
results. Using different temporal datasets could be the reason behind these differences, which is

expected in this scenario.
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#00-01 =01-02 =02-03 m03-04 w04-05 =>0.5

Figure70: Thepercentages of the five colowoded cosiper-person rates

Practice CodPractice Name Practice SizTotal NIC|Cost per Perso
A81033 ‘OAKFIELD MEDICAL PRACTICE 3382 1619.50040.48

\ |

| |
A81048 ‘ZETLAND MEDICAL PRACTICE 5172 2446.160#0.47

| |

Tablel3: Asnapshot of the colour coded results for the cpst-person query
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6.2 Case Two: The Effect of Living in a Coastal City or Town upon the

Prescribing of Antidepressants

{2YS LWzt A0 KSIfUGK ljdzSadAaz2ya G§SyR G2 aSlk NOK
different environmental conditions. One example in this area is the relationship between water
surfaces and mental health; specifically, the incidence of depnesdSEmpseyet al (2018)

studied the possibility of linking expimg elderly to coastal blue space and depression, while

Volker and Kistemann (201ihvestigated the impact of blue space on wedling.

The topic of this case is very similar to the previous examples. It was suggested by a health expert
in a desjned focus group. The following section discusses the design of the focus group and how,
0FaSR 2y (KS F20dza 3INRdzLIQA 2dziLddzi> GKA& G2LRA

6.2.1 Focus Group Design

¢tKS AyGSyidArzy 2F (KAa OFrasSqQa (2LAO A&xeild2z2 LINB
required to offer interesting suggestions for a health question that could be addressed by the
prescriptions demonstrator. The followed methodology to produce some interesting health
guestions related to prescriptions is the outcome of conducting adagroup comprised of health
researchers. The aimed output of the focus group is a list of suggested health questions that are
AYGSNBaGAYy3a FNRBY G(G(KS NBaSINOKSNBRQ LRAYy(H 2F O

After applying for an ethical approve from the Ethics Committee of the UniyarsSouthampton
(Research Ethics Number ERBERP&9893:see Appendi¥for moredetails) several health
researchers were contacted. All participants were health researchers in the University of
Southampton. Thewere contacted by email asking for their willingness to participate after
providing them with some information about the study. After obtaining their individual approvals,

a suitable time and place was organised.

The focus group consisted of three healdisearchers to give an opportunity for each participant
to explain and discuss his/her opinion. To obtain an adequate range of suggestions, as well as to
have a richer discussion, the participants were chosen with different health backgrounds, namely:

a) nusing, b) audiology and c) physiotherapy.

Before starting thdocus groupwritten approvals were collected from the participants line
GAGK GKS 90KAOAa [ RRY ANNIIEKSXND NBASUZE [yl ARGINIDA S &
explained the main concepts in the prescriptions demonstrator. A papsed model of the

demonstrator, along with several open datasets and ontologies, were provided to the
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participants. The participantsere asked to think about any interesting questions that might be
produced from these datasets but not limited to them. The participants then brainstormed

several ideas and suggested different questions related to NHS prescriptions. The discussion took
onehour and it was recorded and then transcribed. The transcribed discussion was then analysed
and a list of 13 suggested questions were concluded. These questions are discussed in the next

section.

6.2.2 ¢tKS C20dza DNRdzLJQa wSadz (a

¢ KS T20dza 3 NP dasiMed ind Net ok 38 dugestiad hegiiBintridlduestions relating

to the prescriptions demonstratoilhe resulted questions atiested belowin table14.

Suggested Questions ExcludingReasons

1. Who prescribe better? The specialists or GPs? The
experiencear junior doctors? The medical or roredical
prescribers?

fiData restricted access
15SLISYyRa 2y L

fiData restricted access

2. Do the prescribers ask the right questions to the patients 1588y Ra 2y L

3. Is sophisticated way girescribing by paying attention to th
secondary characteristics of the medication been perforn| {Data restricted access
And by what type of prescribers?

4. Do prescribers who are limited in prescribing perform bet]
than unlimited ones?

5. How following different guidelines in different
countries/regions affect the prescription of a specific
disease? E.g. incurable skin diseases?

6. La FT2tt2¢Ay3I IdA RSt Ay Sa 2| TDatarestricted access
better? f5SLISYyRa 2y L

7. How often the guidelines are been followed? How many
patients were diagnosed with condition X and treated as | 1 Data restricted access
the guidelines?

8. What are the factors that can affect thgescribing decision] 15 SLISy Ra 2y L,

I Datarestricted access

fiData restricted access

E.g. blood tests, patient preference? Broad aim

9. How can guidelines resolve the issue of variation in i Data restricted access
treatment for the same condition? i Broad aim

10. How doctors make their treatment deicia? f5SLISYyRa 2y L

11. Is there a pattern in prescribing branded and generic dru( {Data restricted access

12. What are the factors that affect the number of people
suffering from a specific disease between different regior
E.g. weather & flu?

Y Data restricted access
fiBroad aim

13. Is there a relationship between living in a coastal city or t

and the prevalence of depression? Chosen question

Tablel4: The list of suggested questions in the focus group with #eitusion reasons
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The opinions and suggestions of each participant were valuable and helped the researcher to
understand possible scenarios where the prescriptions demonstrator could be useful. Some
examples of the suggested topics were around the effdctoti KS LINE & ONA 6 SNR& S
prescription decision. Others were on the procedure of prescribing and the relationship between
the prescriber and the patient. Other questions were around questioning the feasibility of

following clinical guidelinesdnf f G KS OF &d4S&a |yR | NHdzZAy3 GKS A
experience in this equation. Some questions were about the sophisticated procedure that doctors
follow in order to decide the best treatment for each case; particularly taking into consideration

the side effects and the special characteristics that differentiate each drug product. Some
questions were from a health inequality perspective in understanding patterns of prescribing
branded and generic drugs. Another question was about the effect atlvee or location on the

prevalence of certain health conditions, such as depression.

The questions were analysed in order to find a suitable illustrative example for the purpose of this
case study. Questions were excluded based on the practicality oéssidg them using the SW
approach Fromtable 4, there werethree main reasons for excluding a questid) depending

on primary data andLJS 2 Liie®02) not having a narrow aim (too general), 8heestrictions

in dataaccess.

There werefive suggested questions that mainly depended on primary data such as surveys or
SELISNILIEAQ OASsad ¢KAa GeLlsS 2F ljdzSaiArzya sta S
require using any of the SW tools. It relies on collecting data from original sources (fsaaraa)

by surveyingeopleA y G KS Ay @SadAa3ariSR YI G5 NMHowCddMIrsSE I Y
YI1S KSANI (i NBaskinyddgfoiis byRiriedvieiisXa? igfstasc& would be the most

suitable method to answer this type of questions

Anotherrd a2y F2NJ SEOf dzRAYy3 GKNBS ljdSadrazya ol a i
FAY® 'y SEFYLX S T2N (i RWhat arxhedaStorgtiRateanraffect $ie lj dzS &
prescribing decisid®® ® [ AaldAy3d GKS T Ol 2 Nk varybbddl @it thaf 3 LINE
cannot be represented as SPARQL query. Writing a query would require being specific and finite in

in describing the relationships between elements.

The last reason for excluding questions in this case study was the restrictiartessing certain
needed datasets. Ten questioimvolved integrating data with restricted access such as patients
2NJ LNBAONAROSNRQ RIGF® {dzOK ljdzSaidAaz2ya FNB Ayl

research. The main feature of the data used irs tieisearch is being open.
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Analysing all the questioried to choosing question 13 in this illustrative case study, because it is

suitable to be represented using the SW technologies as well as the needed data are available in

open sources. Question 13 investigatie possible relationship between living ice@astal city or

town and the depression rates of the inhabitants. The integration in this example is not limited to

the three ontologies in the prescriptions demonstrator, but also involves integrating data

remotely via federated queries. This case demiates another interesting SW feature that was

not tested before in the thesis; one of the strong advantages of the SW in comparison to any

20KSNI RFGEF fTAY1AY3 (SOKYAljdzSad ¢Kdzas (GKS ljdzSaidAazy ;
coastalcityortd y I yR GKS LINBGIFf SyO0OS 2F RSLINBaarAz2yKé gl a OK
' y20KSNI g1 & 27F SELMBSRS the/raes offrBscripidgdtideprésgantd id
coastalandnofO2 I aGFf OAGASA 2N) G2¢6ya Ay 9y3IAfl yRKE

6.2.3 Case Description

The aim othis case is to check the effect of living in a coastal city or town on the depression rates
evident in thatcity/town. The depression rate foraty/town is calculated by summing the
number of antidepressants prescription pety/town 2 S NJ G KS OAGeQa 2N 26y Qa L]

geographical location for this case includes all practices in England.

To answer the question of the effect of living in a coasitgitown on the depression rate, data

from the prescriptions demonstrator is needed, as well as some extra external data from the LOD.
The local data used from the prescriptionsii®at NHS dispensed prescriptions for

antidepressants by specific practicin certaircities/towns. Antidepressants drugs can be

identified from the BNF ontology, specifically from tBectiorclass that specifies the type of

medicine.

The dher part of the needed data is about defining coasities/townsin England. Wikidat
provides massive crowdsourcing information about many th{fitie Wikimedia Foundation,
2019) One of the provided data in Wikidata is geographical data about countifes/towns
water bodies in &ity/town and population information as well. All these types of data are
needed to answer this use case. More details about the data that were used are in the next

section.

6.2.4 The Query

The addressed question in this use cas#\ibat are the rates of prescribing antidgssants in
coastal and norcoastalcities/townsA y 9y 3f I yYRKé ¢2 (GNFyatladS (GKA& jdzSa

two main data sources are used: prescriptions demonstrator data and Wikidata. The purpose of
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this query is to calculate the antidepressants prgscoin rate for a particulacity/town. The rate
is calculated by summing the number of antidepressants prescriptiogifygtown 2 S NJ 1 KS O
2N (i26yQ8 LRLIWA I GAZ2Y O

The second important information task in this query is to identify coa#tials/townsfrom non

coastal ones. To understand if the geographical location of being by the coast affects the number
of prescribing antidepressants, both coastal andcoastalcities/townsQ | Y 4§ A RSLINB & a I
need to be found, for comparison purposes. Thus, sivoilar queries are run for the two types of
citestownsE g A G K Wi 20F A2y Q 0 Sikyfodn déficiton.2 yf & RAFFSN

Figure71shows the SPARQL query for calculating antidepressant rates. The query consists of

eight main steps, as follows:

1) Identifying cities and towns located in England from Wikidata.

2) ldentifyingcities/towns population from Wikidata.

3) Defining coastatities/townsaccording to Wikidata.

4) Identifying the list of NHS practices in the selected coastials/towns
5) Selecting aBNF presentations for antidepressants.

6) Calculating the antidepressant prescribing rates for eagfitown.

Figure72 shows the six steps, together withe classes and ontologiesedin the prescriptions

demonstrator and Wikidata. The following sectiatiscussach step in detasl
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SELECT DISTINCT

?practice_city

(SAMPLE(?population) AS ?POPULATION) Step1
(COUNT (DISTINCT ?prescription) AS ?NumberOfPrescriptions) Idte;:\:,x':gcgf(':j;]nd
(?NumberOfPrescriptions/?POPULATION*100 AS ?DepressionRate) England in wikidata
WHERE

{

SERVICE <https://query.wikidata.org/bigdata/namespace/wdq/sparql>

{

SELECT DISTINCT Step2

Identifying cities'

5 .
?coastalCityLabel population in wikidata

?population

WHERE

{

?coastalCity wdt:P31/wdt:P279 wd:Q7930989;

wdt:P17 wd:Q145;

wdt:P131/wdt:P131/wdt:P131/wdt:P131 wd:Q21; . Step3 N
wdt:P1082 ?population. [a)f:'c,r;lgs‘;(:gs\z:(%t;i:
wdt:P206 ?water;

VALUES ?waterType { wd:Q165 wd:Q39594 wd:Q47053 }

?water wdt:P31 ?waterType.

SERVICE wikibase:label

{ bd:serviceParam wikibase:language "[AUTO_LANGUAGE],en". }

Step 4
} Identifying the list of
} NHS practices in the

selected coastal cities
?practice nhs:code ?practice_code;

nhs:name ?practice_name;
nhs:city ?practice_city.
FILTER (lcase(?practice_city) = Icase( str(?coastalCityLabel) ) )

?section a bnf:Section; Step5
Selecting all BNF
. n H n
bnf:name "Antidepressant Drugs". I
?presentation a bnf:Presentation; Antidepressants

bnf:belongTo/bnf:belongTo/bnf:belongTo/
bnf:belongTo/bnf:belongTo ?section.
bnf:code ?presentation_code;

?prescription a pres:Prescription;

pres:issuedBy ?practice. S
. . Calculating the
pres:contain ?presentation. antidepressants
} prescribing rate per
each city

GROUP BY ?practice_city

7

Figure71: TKS WRSLINBaadA 2y NIF G&ary Ay Oz2l adlf OAGASaE
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Step 1: Identifyingcities/towns and towns located in England from Wikidata

14

United Kingdom
/ (Qus5)

country (P17)

located in 7
the administrativc_"// England
territorial entity | (Q21)
(P131)

Figure73: Steplofi KS WRSLINBaaAz2y NI dSa Ay O2Fadrkt OAGA

/
( city/town
\ (Q7930989)

To find thecities/townsor towns which ardocated in the United Kingdom, the instances of
city/town class linked by the propergountry (P17jo the United Kingdom (Ql14%)stance are
required. 1696 instances were found. 862 cities or towndaeated in the administrative
territorial entity P13 namedEngland (Q21)This case focuses only on Engléghitory within the
UK because the prescriptions demonstrator data is only available across Eitamd73 shows

the first step in the query that identifies the list of townsaities/townsin England.

Step 2: Identifyingeities/towns' populations from Wikidata

city/town

(Qr930989)

population (Pio8z2)

Figure74:Steph 2 F (G K WRSLINB&aaAzy NIaGSa Ay O2Faidlf (

This query aims to calculate the antidepressants prescribing rates in each saligteavn.
Sincecities/townshave different sizes and populations, the antidepressants prescribing rate is

normalised by the population of each 3.

There is a defined data property in Wikidata nanpegbulation (P1082that is linked to some of

the existingecities/townsin Wikidata. However, since Wikidata depends mainly on crowdsourcing
for feeding the graph with data, there are many missing and outdated aspects that could mislead
or hinder a research initiative. Fokample, in Wikidata only 177 Engliglties/townsout of 862

have the population information. Moreover, most of the defined population data is outdated,
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based on the 2011 censusigure74 shows the part of the query of finding the population

property forthe identifiedcities/towns

Step 3: Defining coastalities/towns according to Wikidata

located in or
nextto

body of water
(P206)

city/town

(Q7930989)

located in or
nextto

body of water

(P206)

(Q47053)

Figure75:Step 2 F G KS WRSLINBaaiAz2y NrisSa Ay Oz21I .

One of the challenging steps in this query is deciding on veithei proper definition for a coastal
city/town. One of the attempts to define a coastdty/town was by findingities/townsthat are
located in a certain radius distance from the sea for example. However, this definition obviously
does not work as somaties/townswould be within this radius distance, but not located on the

sea; or they may only be small towns.

In Wikidata, there is an interesting property namledated in or next to body of water (P2@Bat

links geographical locations, likéies/townswith a sea or lake shore. By querying the available
English towns ocities/townsthat have the population information and located next to a body of
water, 89cities/townswere retrieved out of the 177 found in the previous step. By visually
screenimg the results, only Bities/townsout of these 89 ones were located next to a salty water
type. Most of thecities/townsin England are located next to rivers. Up to this point, there are two
AaadzsSay 0 K2g¢g (2 RSTAYyS wartideQ ¢ GSNJ (e LS
this part of the query: 177 to 89 to 5.

Regarding defining salty water, Wikidatantains a class namddarine Ecosystem (Q3304561)

that could be used for this definition. However, there are lots of missing data in the data, thus,
y2a Ftf GKS walfdeQ MbrineSAddsystentlaSsarhelpmd@r defikitiod S R d:
for a coatal city/town would be acity/town that is located next to a body of water and this body

of water is a subclass of a marine ecosystem.
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Returning to the visually filteredties/townslocated adjacent to a salty water type, the water

type classes were eiéln aBay (Q39594) or Estuary (Q47053) or Sea (QIB&&)yefore, the final

decided definition for a coastalty/town A y G KA & a LIStpdr Bin@79909&pdatis a & |

located in or next to body of water (P20&nd this body of water is eitherBay (Q395949r

Estuary (Q47053)rSea (Q168) @ | Yy F2 Nl dzy I St &z 2yté& FTALS AyailyoSa
English coastality/town at the end.Figure75shows coastatities/townsare identified by the

three classeBay (Q39594)r Estuary (Q47053)r Sea (Q165).

Step 4: Identifying the list of NHS practices in the selected coastas/towns

S

Prescriptions B | ‘2 q
Demonstrator

(iq\ J

Sea United Kingdom
(Qu6s) (Quas)
located in or

next to country (P17)

body of water
(P206)
located in or luLal d in - -
Bay next to 7 the administrative England W l d
(Q39504) body of water territoria | ntity (Qa1) 1 {1 a.ta.
(P206) (P11)

located i nor
next to
body of water PO pul tun('P 082)

(P206)
Estuary
(Q47053)

Figure76:S6LJ n 2F (GKS WRSLINBaaiAzy NraSa Ay O2Faidlf

city/town

(Qmsﬂu%l

In this step, the remote data integration is performed by querying the Wikidata SPARQL endpoint
from the local prescriptions demonstrator query interface. The data retrieved from Wikidata is

the list of English coastaities/townsand their population prperty. The Wikidata and the
prescriptions data are bound by thity/town name. In Wikidata, it is the coastity/townQ a

name, while it ishe NHS practiceity/town in the NHS ontologyrigure76 shows thdinking

between the Wikidata and the prescriptis demonstrator.
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Step 5: Selecting all BNF presentations for antidepressants

Subparagraph

ChemicalSubstance

Figure77:Stepp 2 F GKS WRSLINB&aaizy NIridSa Ay 02

Step 5 takes place in the BNF ontology. The aim of this step is to find all BNF presentations for
FYGARSLINBaalyldad ¢2 R2 42 GKS .bC aSoOlAazy yl
presentations belonging to the antidepressant sectionidentified by traversing the links

between BNRParagraph SubparagraphChemicalSubstance, Product and Presentatistances.

The resultof this step are 628@ntidepressant presentations identified by their BNF presentation
codesFigure77 shows how BNPpresentations for antidepressants are identified in the BNF

ontology.
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Step 6: Calculating the antidepressants prescribing rate per egftown

Presentation Prescription Practice
z

Figure7& Stepc 2 F G(GKS WRSLINBaaiAzy NIaGdSa Ay O2Faidlf (

Thefinal step in this query is to find the antidepressants prescribing rates for each coastal
city/town. The rate is defined as the total number of prescriptionsditydtown over this
city/townQ & LJ2 LJdzt cityfiolviead L&2K &z | A2y AYyF2NXIFGA2Yy Aa FfNBIR

federated query; however, the total number of prescriptions needs to be identified.

To count the prescriptions prescribed by an NHS practice in one of the catisEtownslist

and issued for angf the identified antidepressants presentations, the prescriptions are grouped
6FFIANBIFGSRO F 002 NR Aigwriio2e (dkaSA yAT & dzh! GROUPBE O ISAeS2ANR
This means that there will be five groups of prescriptions for each caastabwn. Secondly, the

prescriptions are counted using the keyw@@®UNTh each group and the total is saved as
?NumberOfPrescriptionariable. The final step is to use thgthmetical operation, division (/),

to calculatethe antidepressants prescribingte by dividing the total number of prescription in a

city/town over the populationFigure78 shows the final step in the query by calculating the

antidepressants prescribing rate pety/town.
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6.2.5 Results

This query was run twice: i) firstigr findingthe antidepressant prescribing rates for coastal
cities/towns and ii) secondly for finding the rates for a list of similar-ooastalcities/towns. Five
non-coastalcities/townswere chosen to be tested to correspond to the five coasit&s/towns
identified from Wikidata. The five nenoastalcities/townsare: 1) Truro, 2) Letchworth Garden
City, 3) Derby, 4) Bolton and 5) Chiddingfold in comparison to the following five coastal
cities/towns 1) WellsNextTheSea, 2) Sunderland, 3) Southampton, 4jrieaith and 5)

Morecambe. Tabl&5 show the results for both queries.

The queries were executed using the GraphDB SPARQL endpoint, where in some parts of the
queries the Wikidat®uery Service SPARQL endpoint was also invoked. The results are download
as a CSV file.

coastalcity/town rate | Non-coastalcity/town | rate
Falmouth 1.9 | Bolton 1.2
Morecambe 1.1 | Chiddingfold 3.9
Southampton 1.6 | Derby 1.3
Sunderland 1.4 | Letchworth Garden Cit] 0.6
WellsNextTheSea| 3.6 | Truro 3.5

Tablel5: Theresults for the antidepressants prescribing ratescoastal and noitoastal

cities/towns

NumberOfPrescriptions ¥ POPULATION ¥ DepressionRate

4
4

practice_city

FALMOUTH “Aqg= " xsdinteger 217G7" *sd:decimal "1922282882965545717300500" *sd:decima
SOUTHAMPTON 3944 Fednteger 2536517 XsdsEmaAl 1 555680837055639441594900" *sdescma
MORECAMBE *3pg xsdinteger “34768" Heddecima *1:144730786930510814542100" *sddecims

WELLS-NEXT-THE-SEA *7g8" xsdinteger 165" ¥sd:decima *3.602771362586605080831400" *sd-decima
SUNDERLAND "3905" xsdinteger "77417" Xedasemal - "1.407628227541931460581000" *sdaecmal

Figure79: The results for thecoastal cities/towns query

Figure79shows the details for the coastaities/townsresults, while figuré0shows the results

for the non-coastalcities/towns
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LETCHWORTH GARDEN CITY

CHIDDINGFOLD

BOLTON

TRURO

DERBY

NumberOfPrescriptions

208

a7

*3495" xsdintege
756" Xedinteger
‘5424‘ xsd:integer

POPULATION =

“3Zp4p" sddecime

"n55304" xsddecima
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L1

DepressionRate

"0.625582724292459923606700" s decims

*3.934871099050203527815500" *st:decima

*1.22471721121904041041170Q" *sddecima
*2.507306889352818371607500" *sd:decima

"1.340673625848688692764900" *=d0stims

Figure80: The results for the nofrcoastal cities/towns

One of tke main issues faced in applying this case was the limited information and missing data

TNRY

2A1TARFGF® ¢KSNBF2NBX

Iy 23GKSNJ Woodstdldzl £ Q

antidepressant prescribing rate was performed. Data was manually fed to tisenpgons

demonstrator for 10 coastal and 10 n@oastalcities/townsin England. The data includes the

names of coastatities/townswith their populations and the names of n@oastalcities/towns

with their populations. The data was saved as a teat(fRDF) and uploaded into the prescriptions

repository.
coastalcity/town Number Of Population | Depression Rounde
Prescriptions Rates d

BOURNEMOUTH 2199 183491 1.198423901 | 1.2
BRIGHTON 3514 290395 1.210075931 | 1.2
HERNE BAY 555 38563 1.439203381 | 1.4
SOUTHPORT 1312 90381 1.451632533 | 1.5
WEYMOUTH 968 58200 1.663230241 | 1.7
FALMOUTH 419 21797 1.922282883 | 1.9
BLACKPOOL 3160 139720 2.26166619 2.3
WITHERNSEA 159 6159 2.58158792 2.6
VENTNOR 196 5976 3.27978581 3.3
SALTBURRYTHE 412 5958 6.915072172 | 6.9
SEA

Tablel6: Theresults of the manually added coastal cities/towns for the antidepressants query

Two queries were run across the new data to calculate the antidepresgeagsribing rate for

both coastal and nowoastal sources. Tabl® $hows the results of coastal cities/towns, while

table 17 shows the norcoastal citiesfowns.
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Non-coastal Number Of Population | Depression Rounde
city/town Prescriptions Rates d
BIRMINGHAM 10393 3701107 0.280807877 | 0.3
MANCHESTER 10280 2568711 0.400200723 | 0.4
CORBY 483 62400 0.774038462 | 0.8
LICHFIELD 325 33816 0.961083511 |1
MILTON KEYNES 2728 229941 1.186391292 | 1.2
COVENTRY 4943 366785 1.347655984 | 1.3
READING 3471 230046 1.508828669 | 1.5
BANBURY 1074 43867 2.448309663 | 2.4
CAMBRIDGE 3408 123900 2.750605327 | 2.8
KINGSTON 86 2626 3.274942879 | 3.3

Tablel7: Theresults of the manually added naroastal cities/towns for thantidepressants

query

After obtaining the results of all the queries, the outcomes were shown to the health expert who
initially suggested the question, in order to obtain feedback. The health expert thought that the
results showed no correlation betwedining in a coastatity/town I Yy R K SA NJ LJ2 LJddzf |
depression rates. Moreover, the health expert suggested that the results were not sufficient to
derive any conclusions from the outcomes presented. However, the expert did add that the ability
to link different datasets easily isteresting; that while the process is not yet ready to be

employed it seems to have useful potential.
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6.3  Analysis

¢KS TAY 2F FLIWLX @Ay3d GKSasS Gg2 OrasSa g¢ta G2 (Sad (K
and to analyse any affordances or challenges faced in the process. The two cases were chosen by

two different methods and represented two different topics.

The first case addressed a health inequality question representing the distribution of diabetic

medication prescribing across England. The question was inspired by a papé&dvwdingsoret

al.(2013)a LISOA FA O f t & GKS | dwha B M@ cospdr-pelstndaieSoR [ dzSa G A2y Y &
YSGF2NNY¥AY Y@RNEROKf 2 NA RSSPARGE ueMdohsisth@offve mayi 9y If | Y RKE
steps was applied to the three interlinkedtoiogies in the prescriptions demonstrator. The query

successfully addressed and answered the targeted question.

The question addressed in the second case was based on some suggestions offered from a health
SELIS NI &4 Q The dhektion waklEhdgeddmuse answerini relieson using open

available data on the web, while théher questions were excluded due to the lack of accessing
some of the suggested used data such as patients dataSepdoiting LOD data is considered one

of the strengths of the&SW approach. Similarly, the lack of access to certain datasets is considered

an obstacle facing researchers.

The question was designed to discover the effects (if any) of living in a cciggtalwn on the

amount of depression cases in that sanigy/town. The chosen question to be translated into a

j dzSNE gl & a2KFG FINBE GKS NIXYidSa 2F -¢aBIEONROAY I | yiAiR!
cities/townsA Yy 9 y 3As In Y& flksé use case, the question was translated into a SPARQL

guery consisting of six an steps. SPARQL was also able to address and answer the chosen

guestion. In fact, the special thing in this query is that it successfully demonstrated federated

guerying.

The cases concentrated on translating the addressed questiomigteery. Thushe main

objective was to test the SW on its abilitydrplore,traverse and discover knowledge. SPARQL is

the main SW standard used in this chapter to demonstrate knowledge discovery through

Y dzZSNEKgIARealISYP hyS 27F {t! vlyfof@ératddandleSoRy daFaS I (G dzNB g | &
based on specific conditions. This feature was demonstrated several times in both cases. For

example, in the first use case, the second step aimed to identify all the prescriptions in England

that contained any of the mviously identified BNF presentations. The power to handle millions of

records by the SW technologyas demonstrated in this cas€he system was able to search and

ARSYGATE GKS LINBAONAROSR RNHzZQa O2RS A@,0002NE (KIFYy M)
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prescriptionswere identifiedthat contain one of the 53 previously chosen metformin

presentations.

| 26 SOSNE KIFIyRfAYy3 o0A3 ydzYoSNI 2F NBO2NRa A& vy
technology can also handle enormous amounts of linkig.d~or instance in research by
Rowlingsoret al. (2013)that the first case presented in this current thesis was built on, the 2013
research team handled the same amount of records using relational databases, as well as the

analysis section in OpenPrescribing projédM DatalLabUniversity of Oxford, 2017)

One of the advantages of using querying systems is the ability to ask related questions in parallel
with the main research question. This benefit is unlike fixed tools such as: a) fivileWHS
Digital(NHS Oyital, 2017b)r b) the Information Services Portal by the NHS @&#S Business
Services Authority (BSA), 20lin) both these tools only resulfdtered by the available

parameters can be achieved. However, if the investigator wanted to know more about the
subject, there is no available way to acquire that information when using fixed tools. In the two
cases presented in this chapter, the procesasking extra questions through writing extra

queries is found helpful in some situations. It has been found that this process helps in
understanding the whole picture of the research problem and can give the researcher a deeper

understanding of the prdlem that is being investigated.

An example of asking for extra information came in the first case where a query was raised about
GKAOK YSUFT2NN¥AYQA LINBaSyidliAz2ya FINB dzaSR Ay
first step in the cost per peos query, 53 different presentationgere identified. Howeveronly

30 presentations out of the 5&ere prescribedn England. This bit of extra information could be
usefulfor different users, such as decision makers or pharmaceutical companies, betoaonsii

seem that there are 23 presentations of products in the market which have not been prescribed

by any doctor.

Another helpful feature in SPARQL is the Hnilarithmetic functions. They were used in
calculating the cosper-person rates in the fit case and thantidepressants prescribing rates in
the second case. Some examples of the used functions are:d)wiséon (/) operator, ii) the SUM

function and iii) the COUNT function.

Data integration was also demonstrated in the two cases. Bothigsieontained multiple smaller
gueries within them for integrating data. Even in the second case, the integration level was
NEY20S® WCSRSNIGSR IjdzSNEQ ¢l & dzaSR @OAl GKS {
from Wikidata. This feature isone &S {2 Qa4 Y2ad LR oSNFdzZ | ROl yal

distinctive from other data linking techniques is the availability and possibility to link data from
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the cloud. Utilising data through reusing others published data saves time and effort and

encourageslata sharing in scientific environments.

Although in principle the remote data integration via federated querying pushes forward the
development of a global SW, the often poor or inadequate quality of the available data is still a
major challenge. For exple, the desired data from Wikidata was either missing or outdated.
The data propertyocated in or next to body of water (P206)Wikidata was not added to the
definition of most of thecities/townsthis researcher was able to access. Onlgifi@s/townsout

of 862cities/townshad this information. Moreover, thpopulation property P1082 also missing

in the definition of someities/towns Only 177 out of 86&2ities/townshad the population

property. Another problem relating to the population prape Wikidata is the outdated

information. Most of the defined population data is from the 2011 census. Because Wikidata is a
crowd sourcing knowledge base, it is expected that the quality of some of the provided data is

inadequate; with significant implig@ans for the validity of any research findings.

One more interesting feature provided by SPARQL is aggregating data (solutions) via grouping
them. The used keyword for this task is GROUP BY. The default case in SPARQL is to have a single
group for the seof solutions (results of the query). However, by using the GROUP BY keyword,

the results can be aggregated into groups based on certain expreggiankl Wide Web

Consortium (W3C), 2013b)

Aggregation was used inbotilS OF aSa®d ¢KS INRdzLIAYy3I Ay (GKS TFANRID
was 7,767 practices in England prescribed Metformin, thus, there is the same amount of groups in

the query. In this case, the sum of prescriptions costs issued by the practice ofia geotap is

added to the aggregated information. Regarding the second case, the grouping is performed on

GKS tS@St 2 gty/tbwnOKe pteidiiptivisiofabtiOepressant drugs are grouped and

O2dzy G SR | 002 NRA y 3 city/®wniFo,3he final fedaf fdedcdiNgroOdiisitt® S Q a

number of antidepressant prescriptions in eaxty/town.

One of the major issues faced in the second case was the inadequate or unsatisfactory quality and

the lack of availability of the required data. Due tamy missing data definitions, the results of

the query were not sufficient or adequate. Mainly, the missing data related to the definition of
coastalcities/towns The cities or towns that alecated inor next to body of water (P206nd

this body of water is either Bay (Q395949r Estuary (Q47053)r Sea (Q165)Starting from 862
AyaillyoOoSa 2F OAGASA 2N G2éya t20G4SR Ay 9y3Ifl yRZ
cities/towns suggests there islarge amount of missing data definitions in the Wikidata

resource.
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Besides the data missing from Wikidata, there was also some data missing from the NHS ontology
representation. The datasets used in producing the NHS ontology are data published @ndiffer
NHS organisations. Many data elements in these datasets were not registered correctly. For
SEFYLX ST (GKS LINI OGA0SaQ I RRNB&ASacitykowinl a KSSii
However, when the data within this column were mapped to the datgeprty city/town in the

t N) OGA0S Oflaa Ay GKS bl { 2yid2f23&x az2vySsS 27
errors in inputting information in the datasheet are very common and unfortunately produce
incorrect mapped data as an outcome. This peob resulted in the linking of some of the

LINI O éitle$it®nngvith the names of the identified coasteities/townsbeing missed. For

example, if the spelling did not match exactly, the linkage will be ignored.

Finally, representing results as conretigraphs was found helpful in some situations. Some

triple stores and SPARQL endpoints provide graphical interfaces to view the retrieved data, as
gAUK GKS DNILKS5. {(22tfd ¢KA& (22t adsndiguetHR G 2
the first use caseln some cases, representing information as a graph is simpler for the user and
can help in reducing the difficulty of understanding complicated relationships between data
elements. However, there are still some limitations in such tools, padily regarding the limited

number of viewed nodes and links.
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6.4 Summary

This chapter described the process of addressing two health cases via the prescriptions
demonstratori 2 (Sad Y2NB 2F GKS {2Qa FSIiGdNBad tI NI 2F GF
answeed in this chapter, in terms of analysing any affordances and challenges revealed during

the process.

The first use case was inspired from the traditional literature and investigated prescribing
inequalities for diabetic medications in England. The sda@se was suggested by health experts

in a focus group; the question was designed to discuss the effect of living in coastal towns and
cities/townsupon the prescribing rates of antidepressants. SPARQL queries were implemented on
the prescriptions demonsator to address both cases; queries from which results were obtained

in case 1 and case 2.

The main SW feature tested in this chapter is the possibility of discovering knowledge via
WjdzZSNEAYIAQd . 20K 2F (KS AYLX SYSnditeBi¢veligt ! wv [ 1j dzZSNR Sa
numbers of linked records locally and also remotely. In the second case, an interesting feature of

0KS {2 ¢l a adzO0Saa¥fdzZte (SaiSRZ WFSRSNIGSR [jdzSNEAY:
features such as the builh arithmetic funtions and the ability to group certain solutions to

apply an expression to these groups. On the other hand, the challengésititlered the process

of analysing feasible results, especially in the last case, were: i) lack of adequate data and ii) poor

or unsatisfactory data quality.
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Chapter7 5A&a0Odzaairzy

The first research questicaddressed in this thesls aVhat are the main health questions being
addressed in health research employing semantic web technolég@s&ion7.1discusses how

this question was answered by reviewing the literature and how the health aims taxonomy was
produced. Sectioii.2discusseshe second research question, whictti$ow are the semantic

web features being used in health researchthis queson is answered from the literatute a
perspective by finding KS {2 Q& YI Ay ¥FSI {dz2NBafinaze&ienhinghis KS| f
OKF LJGSNI FyagSNER GKS {KAWRtakBeaSfordaficés anddiblierngés? v
in employing the semantieeb for health researck?®he noted affordances and challenges

evident when applying the SW in health research, from both the literature and practical

perspectives, are discussed in this section.

7.1  Types ofAddressedHealth Questions

From systematicallgeviewing the literature of health research employing the SW, a health aims

taxonomy was produced to answer the first research question in this thesis:

What are the main health questions being addressed in health research
employing semantic web technoleg?

In Chapter 4Section 4.3.1the health aims taxonomyere introduced. The taxonongonsists of

17 types of health questions thatere addressed in the literature categorised under four broad
health aims: ajnedical, b) public health, ¢) health management and d) pharmaceu8cahe
examples of the reviewed topics were in the form of questions relating to: i) clinical pathways and
treatment plans (Hu et al., 2012), ii) clinical guidelines (Puustjarvi and Puustjarvi, 2016), and iii)

Neuro medicine (Ciccarese, Wu, Kinoshita, et al., 2008).

The most repeated category of questions in the literature related to the medinakpecificall

the diagnosigjuestions From the results of the crogabulation analysis between health aims

and used SW features located in the literature, the medical questions showed a positive

correlation with using reasoning over rules. This relationship imglisfinding answers to the
medicalaimedlj dzZS&a A2y a RSYlFIyRa | Wiy2¢f SR SDaskdh 402 O3S
reasoningBecause the diagnosis questidake the biggest part of the medicahtegory, they

requirethe use of logic and reasoning asliwThe diagnosis procedurelies on making decisions
0FaSR 2y (KS LI GASYyidiQa O2yRAUGAZ2YyDPasadKdza s (KS
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characteristicThe SW can support decistbased questions, particularly those focused on
diagnostic issues, byfof SNA y 3 {@iKSyd2a & SF yURD Nz Sa FyR 234200

An example of using defined SW rules in decibiased questions is the work slexandrou,

Xenikoudakis and Mentzas (2008he authors mentioned an example of one of the defined rules

in their decisiorbased system for ideifying the best treatment for each patient. The rule says

GKFG aAFT GKS LI GASYyG A& FTRYAGGSR Ay GKS KSIFfGKOI NB
YSdzNRf 2320t RSTAOAGE GKSy (KS LI GASYd KlFa (G2 68 S
statementis translated into a SW rule, which will enable the inferring of new knowledge and

recommendations in the system.

One of the characteristics of the health questions addressed in the literature is relevant to
guestions depending on heterogeneous data imtdpn. Interdisciplinary life sciences are

powered by data integration on the web (Sagotsky et al., 2008). Data integtatibniques were
found toused in the literature with topics such as: a) integrating data generated from monitoring
sensor hardwargPuustjarvi and Puustjarvi, 2015), b) medical examination devices
(Maragoudakis, Maglogiannis and Lymberopoulos, 2008), and c) integrating different

administrative data such as hospital guidelines and policies (Puustjarvi and Puustjarvi, 2016).

Health questions with personlisation nature were anothitentified type of questionaddressed

in the literature Aggregating data on a persorakel is a wetknown activity in traditional health

researchThe traditional health linked data approaishdefinedas theprocess that involves

aggregating data from different resources about a certain person, whilsttaiaing his/her

privacy(Kotwal et al., 2016)The linking in this approach is performedibgependent data

centres. However, linking data via the SW approach is achieved bylusiry { 2 Q& a il yRI NRa T2
defining data concepts and thenfohmy’ 3 tf Ay1a 0SG6SSy (GKSY® [AYylAy3d OGAl
be performed between any related data concepts not necessarily linking via a personal identifier.

However, the availability of a similar method to the one employed by independent data centres

(in the traditional approach) would probably encourage more researchers to use the SW approach

in their studies, due to the availability of anonimised personal sensitive data ready to use for

linking.

In the literature dealing with SW approach, personalisatioasiions took two different forms: i)
SAGKSNI GKS fAYl1Ay3 A& o0Fl&aSR 2y 'y St SOGNRYAO DSNEA;
$S0 aSNBAOS® 'y SEIFYLXS 2F | ljdzSadAzy NBtlFdAy3a G2 |
work of Wang et al(2013), where personalised treatment plans for patients are provided to
SYKIFyOS (GKS GNBIFGYSydaQ ljdatAadee 21y3 SiG IfdZ wHAamn
LISNE2YFtAal dA2Y (dzSadAaz2y o6& FIINBIAFGAYI AYTF2NNEGA2)
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deweloped a personal health information web service that provides targeted health information

for every registered user.

The final characteristic of the questions relevant to the SW approach that were addressed related
to accessing distributed information dhe web. Public health systems that aimed to promote

health information were built to access the available information on the web and produce
electronic personal health consultants, such as found/ang et al. (2010)These types of papers
were similar to those accessed Bysenbach (2003)ho mncentrated only on papers discussing

the consumption of health information using the SW. The author concluded that the SW may
open more opportunities for health information consumers in finding and aggregating

information. However, this option might ledd overlaying on the web as a source of health

information.

72 ¢KS {2Qa !'aSa Ay I SFftGdK wS&aSI NOK
Part of understanding the relationships between the SW and health research is to understand

how the SW can be used in health research. The second researchoguasticentrates on the

uses of the SW in health research as the following:

How are the semantic web features being used in health research?

From systematically reviewing the literature, a taxonomy including 12 SW features to map the
targeted literature was INE RdzOS RY W iK & 2{yrecaGhépteiiddat®O.3.2 The

12 identified features were identified under five main categorieslan representation, b) data
integration, ¢) knowledge discovery, d) updating knowledge e)data sharing. The most used
features in the literature were: i) representing data, ii) discovering knowledge and iii) integrating

data.

7.2.1 Data Representation

Data representation in the SW che achieved by conceptualising and modelling a certain

domain. Usually, ontologies are used for this purpose; Gruber (1995) defined data representation
Fa aly SELXAOAG AaLISOATAOFGAZ2Y 2F | O2y O0SLidz
classes and relationships between those classes (World Wide Web Consortium (W3C), 2008).

In the literature, building ontologies was the most used feature of the 1I8gistering 93% of total

usage. SW standards like RDFS, RDF and OWL were used to model various topics and build

ontologies in different domains. For examjdang et al.(2008)eveloped an ontology to
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represent hospital resourceand processes, whildu et al. (2012puilt an ontology to represent

clinical pathways and treatment procedures.

In practice, access to and analysis of the domain of dispensed prescriptiengland was
demonstrated in the prescriptions demonstrator. The demonstrator represents an integration
between pharmaceutical and health management domains. The pharmaceutical data was in the
form of the British National Formulary (BNF) and represengtha BNF ontology. The health
management data represented as the prescriptions and NHS ontologies. All ontologies were built
using OWLThe building processas an affordable taslor a person with some technical

background. However, designing ontologileat are not for demonstration purposes is a more

complicated job that involves eaperation between computer scientists and domains experts.

Part of the data representation process is choosing ontologies fosirmg, if needed. Around half

of the reviewal literature involved reused ontologies or part of them. Hogan et al. (2016)

around half of the used classes in their developed ontology are borrowed from other ontologies.
The level of rausing can differ from e case to another. Sometimes;uging the whole ontology

is necessary, while at other times importing only certain parts of the ontology is enough. In
designing the NHS ontology in the prescriptions demonstrator, some vocabularies from the
Organization atology (ORG) (World Wide Web Consortium, 2014) and the FOAF ontology
(Brickley and Miller, 2010) were borrowed.

In the prescriptionglemonstrator, the three developed ontologies were built from scratch with

just few borrowed classes from other ontologies as there were no similar ontologies on the cloud
that represent the same domains. All the available data was in the form of tabatiar the lack

of existing ontologies needed for developing a system could be the reason behinds the high
percentage rate of building new ontologies in the literatared relatively low percentage of re

using ontologiesThe number of systems 1esed a wha ontology in the literature were low, but
more systems used parts of other ontologies or mapped their implemented classes with others in
the cloud. By pointing to others work via mapping, the fourth LD principle is applied. There is still
a big gap to béridged here in adding more links to others work to fulfil the vision of the SW and
LD. In this matter, the BNF ontology for example could be mapped to other ehelgted

ontologies available on the clouthus it can be discovered by otheand the comept of reusing

and sharing data will be followeas one step forward into fulfilling the SW vision.

Other than representing the schema of a domain, modelling instances (the actual data) is another
level of representation. Modelling instances in the SMgraach follows the same triples concept
as in defining the schem@ne of the advantages of the trip@efinition is the simplicity in

applying it and in converting data to ithere are some available automatic tools for converting
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tabular data into RB. The availability and efficiency of such tools would encourage and support
more adoption of the SW approacBomeexamples of the mentioned converting tools in the
literature are R2RML, spyder, virtuoso and Bio2RAI¥6. in the literature, there were soen

papers that used manual techniques fanwerting the needed data into RDF fori@dgers and
Dumontier (2015) for exampleused PHP and Python scripts to transform relational EHRs into
RDF.

In the prescriptions demonstratocase, two approaches for converting instances were followed.
Firstly,OpenRefindGoogle, 2010)anautomatic tool to convert data to RDF, was used witbsin
of the datasets. However,manually scripted code was used for big data tBaenRefindailed

to convert.The availability odutomatic efficientconverting tools is believed to encourage
researchers to use the SW, because such a facility wouldileaggocess of using the already
available relational dataMarshall et al. (2012aid that mapping relational data into RDF is ideal
with SW systemdMoreover, a ceoperation between technical engineers and health experts is

also recommended to overcome any challenges in representing threaofodata.

7.2.2 Data Integration

The SW was used for integrating data in 84% of the reviewed literature. It was the second
most-used feature; nsurprise as the SW vision considers the web as a global interlinked data
repository. However, the data integtion meant here was done on a local level. In many cases
this context is due to the personal and sensitive nature of the integrated health Eata.
example,ShabarANejad et al. (2016@ntegrated different sensitive hospitaklated datasets locally
to develop the integrated Hospital Acquired Infections Ontology (HAI).

From reviewing the literaturea small portion of pjects which used SW tools for remote data
integrationwere notedd ¢ KS AYGiS3INI GA2Y A& LISNF2NXYSR OAl
endpoint is invoked remotely in run tim@&Vorld Wide Web Consortium (W3C), 200athak et

al. (2012used federated querying by invoking biomedical ontologies in the LOD such as
Translational Medicine Ontology (TMO) and Sequence OntologyySi@y. federated queries
21LSya 2LILRNIdzyAGASE T2NJ) SELX 2NAy3 NBsderat& R
j dzSNEAY3IQ A& adAtt Iy 2WSlgwidsS\eSConsitiom,2@oaya O I+ O
(W3C).

The SW vision introduced the idea of globally connected data; however, integrating data was used
heavily in the literature but mostly at a local, rather than global, level. The last princitfie in

G AY1SR 51 0 t NIBgh@slal (Daskenchiiddetd BN USRS todirielude links

YR YFLLAY3I G2 20KSNEQ 62N] @ ! OO02NRAYy3I (2 @K
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Y2RENI 68 NBdzaAy3d 2F 20KSNEQ 2yi2t23A8as yR Y2ald 2°

level. Thus, the foir K LINA Y OA LI S F2NJ RSTAYAYI fAyl1a FT2N) 20KSNE

From a practical point of view, data integration locally and remotely were tested in the developed

prescriptions demonstartor. Three OWL ontologies were built from seven open dataset

(spreadsheets) namely: i) NHS ontology, ii) BNF ontology and iii) prescriptions ontology. These

ontologies were integrated locally in one sytem by providing links between prescriptions and the
LINBAONAROGSR . bC RNHzZAa:Z | a séufh§NHSIpractice édtheS Sy G KS LINB & Ol

prescription itself.

The linking process in the SW approach is performed via the triples concept. Meaning that the by
definingareltionship betweerntwo data objects|inking data is accomplishe@hisconcept is

simple to undestandand use, which made integrating local data an acheivable affordable task.
However,some of the few obstacles that was faced in the process of linking the three ontologies
were the availability of readjo-use RDF dat#s mentioned earliethe available datasets were

only in tabular form (spreadsheets). Thus, there was a need to build the ontologies and feed them
with converted RDF instances before integrating togethethat process, some linking

mismatching occurred due to the existnce okimput/dirty data in the original datasets.

Ly GKS aS0O2yR dzaS OF&S I LI ABRRERY i &R [ ISHBONA dJ0 4 2 WX
from the local SPARQL endpoint in the prescriptions demonstrator to retrieve remote data from
Wikidata. Implementinghe query was a relative success; however, the quality of the data was an

obstacle to successfully retrieving sufficient amounts of information to analyse the use case.

Wikidata is a collaborative database edited by different people not necessarilytexpéhe data
field. For this reasornthe resulted linked data in wikidata is big and in various topics, but were
edited by norexperts with no strict standards to be followdd. health projects that aim to
deduce critical decisions, such collaboratimewledge baseare not recommended to be used as
the integrated data cannot be trusted to be vadidd complete However, ontologies designed
and developed by a collaboration between domain experts are better candidates for health
research integration. F@xample, remotely integrating biomedical ontologies with trusted

sources is a better approach for applying remote data integration using the SW technologies.

7.2.3 Knowledge Discovery

From systematically reviewing the literature, three approaches of discovkniogledge were

identified: a) exploring linked data b) reasoning over rules and c) checking inconsistencies.
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Exploring datdoy traversing links between connected data elements is performed via querying.

Querying was mentioned 77% of the reviewed literatanses.

SPARQL queries were also tested in the prescriptions demonstrator and illustrated in the two
applied health cases presented in chapter 6. In the two cases, heditted questions were
translated into queries with multiple steps. Both queriescassfully answered the addressed
guestions. SPARQL showed some interesting features in supporting the addressing of health
guestions as follows:

a) exploring and filtering big amounts of data,

b) performing data integration multiple times by using syeries,

c) NBOUNARSOGAYI AyiSaINFrGSR RFEGEF f20Fff& FyR NEX

d) aggregating data and grouping solutions in a query,

e) performing arithmetic functions on the retrieved results.

The other identified approaches from the literature relating to dissing knowledge by using

the SW, depended on inferring new information from known facts. The W3C website states that
inference is an automatic procedure to discover new relationships from known ones, and is based
on the data and set of rulg§Vorld Wide Web Consortium (W3C), 2008ference was used in

the literature for two main reasons: i) to find new information by depending on a sé¢fified

rules (reasoning over rules) or ii) to check inconsistencies in ontologies. Reasoning over rules was
used in the literature in 64% of the accessed sources, while checking for inconsistencies was

featured in only 6% of the chosen literature sources

CNRY Fylfeaaya GKS dzal3S NIrisSa 2Ff GKS {2Qa ¥
using reasoning over the rules feature across the four health aims. Medical topics used the
reasoning feature the most, then health management and pharmécau Public health was the
ami2 dzaS WNBI az2yAayaQ GKS tSrade CNRY GKAa TFA
the rules in the literature was not exploited enough across the different health topics. There is an
opportunity to fill these gps with information obtained by more health research informed by

inferencesuitable questions, like those queries that are decidiased.

CNRY (KS LN} OBA G2 yWYNILIS §RA @OXKSORIAY T AyO2yaAi
narrowly. ThePellet reasoner was used to check for inconsistencies in the three designed
ontologies.The initial design for both of the NHS and BNF ontologies was by defining the classes

in hierarchical manner such as a BNF chapteludea BNFsection. However, this type of

definition entaildogicallythat all instances of a BNF sections must be also instances of the parent
BNF chapterThis type of entailment is logically inconsistent and therefore the design of the

ontologieswasupdatedaccadingly. Defining classes using OWL has the advantage of being based
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on descriptive logic that can be used as mentioned above in finding inconsistencies and flaws in

the ontology design.

Regarding reasoning over rules, there was no use for semantic nuB&RL in this experiment.

| 26 SOSNE AYTSNBYyOS 414 LISNF2N¥SR 2dzad o0& GSadAay3
inverse ofs explained earlier in the inference testing cas€hapter 5. The system succeeded in

adding new knowledge to known knowdge at run timeby analysing the knows facts and defined

rules and infer new fact base on the known inpdtkis addition will help in discovering new

information and possibly answering the addressed question.

7.2.4 Updating Knowledge

In the literature updatingknowledge either manually or automatically showed low rates of usage.
Updating knowledge was probably used by a bigger number of projects than was mentioned, but
mentioning using it explicitly wateglected because updating knowledge is a secondary fedtur
most testing phases. However, the review highlighted using the option because it reflects the

advantages of ease and flexibility in updating knowledge when using the SW.

In practice, the designs of both BNF and NHS ontologies were updated afteredisgasome
inconsistencieselated to the initial hierarchical design of both ontologies. The design was
changed from defining the classes in hierarchical matter into adding relationships between the
classes. Using SPARQL properties suthP®ATE and DHIEwas simple and easy to usehe SW
approach using SPARQL properties was flexible when it comes to adding and deleting facts from
the knowledge base. The reason behinds this flexibility is because defining schema in the SW
happens by defining a group wiples. Thus, the schema definition as well as the definitions of

instances can be updated in the same manner.

7.2.5 Data Sharing

The literature review revealed two approaches to sharing data, doing so: a) publicly and b)
privately. Only 3% of the reviewed pers shared their data publicly. The Apollo Structured
Vocabulary (Apolk&V) projecfHogaret al.,, 2016) the Semantic Web Applications in
Neuromedicine (SWAN) ontolo¢@iccarese, Wu, Wongt al., 2008)and the ToxBank Data
WarehousgKohoneret al,, 2013)were examples of the few researchers who published their
work publicly. On the other hand, around 50% of the rexd@dwrojects used restricted data

sharing for security reasons, especially when dealing with personal/patient records.
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concerned with how to use standards and proper data representation to enable data sharing. The
low usage rates revealed from the literatushowed that the second and third LD principles were

not fully followed.

In practice, data sharing was not used because the prescription demonstrator was built as-a proof
of-concept model that was not intended to be shared publicly. The designs of theNB#& and
prescriptions ontologies are still in their early stages. Nevertheless, the designed ontologies, along
with the converted instances, were shared with the social sciences, social data and the semantic
web (S3W) project membershe S3W aims to aierstand the challenges and opportunities of
semantic linked data for social science reseaftte project will analyse the conversion of

sections of the English Longitudinal Survey of Ageing (ELSA) and the Great British Class Survey
(GBCS) inteemanticinked datafor the purpose of a better understanding of health inequalities.

The SWbhased demonstrator to bbuilt for addressing health inequalities questions will be

enhanced with relevant semantic linked data, one of which is the developed BNF oritotbgs/

thesis.

7.3  The Affordances and Challenges of Using the Semantic Web in

Health Research

The main aim of this thesis is to understand the relationships between the SW and health
research currently and potentiallfhe previous two sectiordiscussed he the first and second
research questions answered part of the research aim. This section discusses the learnt
affordances and challenges from the literature and practice points of view in an attempt to

answer the third research question:

What are the affrdances and challenges in employing the semantic web for
health research?

7.3.1 The @manticWebQ a | F T foNJealtly ReSearch

Studying theSW from the literature and practice point of views highlighted many opportunities
and affordances that can be offered to the health research community. The literature revealed
three main affordance areas: a) data representation, b) data linking and c)éagevdiscovery

discussed in the following sectians
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7311 Representing various topics and questions

The SW showed a good ability in representing various health topics and addressing different types
of health questions. The systematic review revealed 17 typégalth questions that the SW was

able to handleMoreover, the prescriptions demonstratoepresents a different domain that was

not revealed by the literature, which is the domain of dispensed prescriptions in England. Three
interlinked ontologies werduilt for purpose, which weréthe NHS, BNF and Prescriptions

ontologies.

7.3.1.2 Simplicity and flexibilityin representing data

{AYLX AOAGE I yR TtSEAOGAtAGE IINB (62 2F (GKS ROl yGl 3!
represnting dataPathaket al. (2012)stated that RDF was simple to use for modelling data. The

authors also stated that RDF model was more flexible when updating, adding or deleting data

than was the relational modeln the prescriptions demonstrator, it vegound that updating the

ontologies design was flexible and simple by using SPARQL keywords UPDATE and DELETE. The

flexibility in the SW approach is shown in adding or deleting triples in the same mamnner f

instances or schema definitions.

7.3.1.3 Representindogical conditions

.8aARSa GKS loAafAalGe G2 NBLNBaSyid I R2YIFIAyQa aoOKSY! .
conditions and rules in a domain. The SW is not just used for representing objects, and

relationships between them, but it can offer more by representing rules agiddbstatements

(Shadbolt, Hall and Bernetge, 2006). Using defined SW rules to model a domain was only

moderately evident in the literature, being mostly used in the medical diagnostic papers.

7.3.1.4 Heterogenous data integration

In the literature data integration was reportedly used to achieve data interoperability between
heterogenous data sourceBuustjarvi and Puustjarvi (2008)med to allocate clinical resources
between healthcare managers; a challenging task that demands cooperation between several
heterogeneous iformation systems within a healthcare institutiodeterogenous integration

was also achieved in the practical use cases. For example, in the second y¥¢€ikialsda was

integrated with the interlinked data from the three ontologies in the prescriptidesonstrator.

7.3.1.5 Local and remote data integration

Moreover, the SW was abte perform data linking locally and remotely. The majority of the

reviewed projects integrated their data locally; however, the strength point of using the SW as a
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linking tool ists ability to integrate data remotely. For examplarshallet al.(2012)used

WFSRSNF GSR ljdzSNEAY3IQ (12 NBIljdzSad et fFy3dz 3$
remote data sources: i) RxNorm, ii) DrugBank and iii) DBHgaliaof local and remote

integration were shown in the uktrative use cases. The first use case illustrated nicely how local
data integration is achieved between the three ontologidstS, BNF and Prescriptions ontologies.
The remote integration was also demonstrated by ugedgratedquery to Wikidata withinthe

prescriptions demonstrator.

7.3.1.6 Incorporation between public and private datasets

One of the advantages mentioned in using the SW approach in linking data is the incorporation of
the public and private datasetfue to the integration between public dat@grces from the LOD

cloud and private institutél LIS OA ¥ A O (Batiiak, Kighard Q Kigfér &nd Chute, 2015
advantage is essential in the hdaliesearchbecause it relies heavily on analysing persenal

nature data such as patient data. Ten out of 13 questions suggested in the focus group depended
mainly on integrating some private with public data, whidleg an indication of thenportance

of providing efficient and safe approach to achieve the incorporation.
7.3.1.7 Flexibility in data linking

The flexibility in the linking process is another advantage in using the SW; a benefit achieved by
usingthe SW standats for defining data concepts and any links between them. Linking in the SW
approach can be performed between any related data concepts, not necessarily linking via
personal identifiersFor example, one of the links in the second use case was betiive@oastal
OrideqQa t1ro0St Ay 2A1ARFGF Ay 2yS &aARS | yR LNI

7.3.1.8 Exploring linked data

There were two identified approaches regarding how to discover knowledge using the SW: a)
exploratory and b) inference. The SW has the ahititexplore and traverse linked data locally

and remotely via querying-or instance, BNF data was explored for all related BNF presentations
of metformin hydrochloride in the first use casehile itwassearched for alBNF presentations

under the antigkpressants sectiom the second use case

7.3.1.9 Checking for logical inconsistencies

According to the literatureinference was used for two main reasons: i) to check inconsistencies
and errors in ontologies or ii) to infer new information based on definedstUFor example,
Horridgeet al. (2014)used OWL reasoning as a quality assurance technique when checking for

inconsistencies in the large medical ontologyHdDPart of the reason behind using the SW for
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inconsistency, especially by using reasoners like Relleinget al., 2014) In the prescriptions
demonstrator,Pellet revealed some logical inconsistencies in the early stages of the ontologies
design. The BNF and NHS ontologies were desigretignarchical manner that caused
inconsistencies in the result$hen, the desigrwas updated into defining classes at the same level

with defined object properties between them.

7.3.1.10 Inferring new information

According toNVanget al.(2015) the semantic reasoning ability helped to improve the intelligence

of the independent clinical pathway system the team had developedtassinet al. (2017)

stated that the semantic reasoning tools allowed ontologies to infer new information according to

the knowledge modelyl G KSANJ LINP2SOUG GKS& ¢ S NIespiraiofyS G2 Of I aaAF
fithess condition according to environmental and physiological data collected by monitoring

devices, some of which were worn by the patiemtderence was slightly tested in the

prescriptions demonstrator by testing inferring the inverse of certain properties at run time.

7.3.2 More Affordances

From a practical point of view, extra affordances were analysed in the process of experiencing the
use of the SW in a health case scenario.delhiified affordances from the literature were noted

in the process of developing the prescriptions demonstrator and addressing health questions to it.
The exception was when semantic rules were not needed in the chosen healthBasesng

SPARQL as aeyying language for addressing the chosen health questions, multiple abilities and

features were highlighted for using this tool.

7.3.2.1 Ability to handle big data

The main noted affordance was the efficiency in handling big data. The prescriptions dataset
included more than 18 million records; a total that can be challenging to other data management
tools. The SW was able to represent, integrate, explore and retrieve this big data with relatively

few technical issuesuch as querying time out or limitations iraghical displaying.

7.3.2.2 Ability to integrate multiple data at a time

SPARQL had tlability to perform multiple data integrations in a single query by using sub
gueries.In both casestudies, suklgueries were implemented tacross different datasets to
perform complex data integration anésults setsBeyond that, in the second use case the data

integration level was more complex by implementing federated query remotely within the ma
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query locallyBy integrating data remotely from the@doud,the SW showed an advantage over
other traditional linking data technique This advantage helps in utilising published data by re

using it.
7.3.2.3 Aggregating data based on certain condition

SPARQLUs0 showed an interesting useful feature in grouping and aggregating the retrieved
solutionsand applying expressions over the grouped solutibmshe first use case, aggregation

gl & LISNF2NN¥SR 2y (KS LINI O(GAOS tySh@hédecondadsd S A
study.By grouping the solutions in both cases, certain athematic calculations were able to be

performed on the produced groups.

7324 Supporting arithmetic functions

Finally, SPARQL supports a range of useiiitin arithmetic functiors that are helpful when
involved with calculationsAs mentioned earlier in the previous point, arithmetic calculatismsh
as division and summingere performed on both use cases to calcultite costper-person rate

as well as thantidepressants presibing rate.

7.3.3 Challenged-acing Employing the Semantic Web in Health Research

Besides the found affordances of using the SW in health research, several challenges were

identified as a result of reviewing the literature.

7.3.3.1 Dataaccessibility

hyS 2F (GKS OKIFffSy3aSa Aa (GKS RAFFAOdzZ Ge 27F 13
which is needed in order to conduct a research initiative. The projects or initiatives in the

reviewed literature used personal private data that were owihgdhe same organisationghich
performed the researchl'he data can contain information about patients, doctors, health

situation and financial information that is usually shared within the institution and viewed by

accessauthorised people only.

ltwoulR | LIS NJ SGARSY G GKFG Wdzyl dziK2NAASRQ NBas$s
situation. As a solution to this issue, traditional health research supports independent data
centres that play a crucial role in providing researchers with anonymotsepal linked data

which is ready to use for research purposes. A similar solution could be implemented with the SW
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approach as well, by using SW standards in order to produce semanticétlgrddéied personal
linked data.

The SW and LOD offer publidaets that contain information in different fields such as Wikidata

or DBpedia. Such datasets or ontologies are easy to access by anyone and can offer useful

information for the targeted research question, however, this is not enough for most cases in

hedth researchln theconducted focus groupmost of the suggested questions by thealth

expertsrelied mainly2 y | 00SaaAy3a LI ( bSiges dthelogeR daR@ed.(TRBNE Q R 4 |

caseindicates that private restrictedccess dtasets such as patiegitQ NBE O2 NRA& ' NB Y|l 22 NJ R

source in health resear¢chut many ethical and security issues can accompany using these
RFEGFrasSida SalLlSOAltte ¢gKSy RSFftAYy3 gAldk OOBSEDA TASR

challenge is a priority taking into csideration any accompanying ethical and security challenges.

7.3.3.2 Datasecurity

Privatedata is usuallyprotected bysecurityprotocolsand policiesThe SW approach is based on
the concept of linking data, hence, security policies can hinder accessing the data. At the same

time, private and personal data needs to be protected in an open liskstéms.In the literature

review, there were different ses of private data such as in systems builtupdini A Sy 1 a Q NB O2 NR &

hospitalsor web services aggregatinggsonal healtrdata forregistered uses. Balancing

between allowing accessing such private data and protecting it against data thefteaieage

to be faced when attempting to employ the SW in health reseakshmentioned byysenbach
(2003) the SW offeropportunities as well as challenges in regards to consuming private eata.
this reason, SW community should encourage more research in the area of security access

protocols and mechanisms.

7.3.3.3 Dataquality

Data quality is another challenge facing any gahBealth researcher. The accuracy of the data

extracted from medical systems is particularly crucial. If a fault decision was made due to the
guality of the available data, the consequences could be disastrous. For example, there were
many health projectin the reviewed literature aiming to build decisiased systems for

diagnostic purposes or to facilitate choosing the best treatment plan for a patient. Any misleading

R

/
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treatments.

In practice, issues regarding data quality were also faced. In the sesenchsethere were
many missing data in the definition of English coastal cities or towns within Wikidata, which led to

an insufficient number of retrieverkcords. Also, most of the populatieelated data in Wikidata
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was outdated, as it was based on the 2011 national cenduswledge bases such as Wikidata
which isedited collaboratively by not necessarily expets not the most suitable data source for
critical and sensitive health researdfrusting thequality of thedataand the data sources a

crucial factor in choosintipe mostsuitable dataet to be used in project.

Another issue was noticed regarding the data that was used in the NHSlafssets. In the

practices addresses datasheet, there were inconsistencies in registering the data which led to
incorrect converting from CSV to RDF; an error which, in turn, led to mismatched linking during
GKS 1jdzZSNE Qa NHzy (A YS dretats @ the/igsieof@ldrsontd&a ekigz¥a) y S
spelling mistakes or b) inconsistencies in spelling keywords; with both issues negatively affecting

data quality.

To achieve a better quality for the published data, recommendations and guidelines fatirigput
defining and sharing data should fmed and applied. Following standardgfe data entry
processawill also help in overcoming the data quality issAeo-operation betweertechnicians
and domain experts bridge the gap in understanding the dordata and the best way to

represent itaiming for a better quality of the data

7.3.3.4 Dataheterogeneity

Data heterogeneity is also a challenge that was evident in most of the reviewed literature.

Different types of data were used in the literature such)aslF G A Sy 184 Q Y2y A ({12 NR y:
medical examination devices, iii) hospitals administrative dafaRa A @0 LJ- (i ZeBuyfigt & Q N
al., (2015)stated that although the quantity of health data on the web is constantly growing, the
available data mosflis in a horsemantic formatThis statement proves the still existing gap of

having the data on the web in a semantic form.

The practical trial comes in line with the literature findinlyspractice, all used data in building

the prescriptions demonstrator was in CSV format; no RDF data was available. Another noted
form of dataheterogeneityis in the diversity of available data sources even for the same datasets.
For exampleseven datasts were usedrom three different NHS departments, the latter being: i)
NHS Digital, ii) NHS BSA and iii) NHS Choices. Some of these datasets were even replicated but

with different naming systems.

To overcome the data heterogeneity challenges, data siat&lin registering, representing and
publishing data need to be prescribed and then followg&doperation between computer
scientists and health experts is essential in order to standardise health data on the web. The data

needs to be scientifically acate as well as technically webkpresented.
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7.3.4 More Challenges

From a practical point of viewnore challenges were identified during the process of building the
prescriptions demonstrator and addressing the two health uses cases. The identified challenges
from the literature were noted also ipractice with an exception of the securing private data

challenge as there was no use to any private data in the prescriptions demonstrator trial.

7.3.4.1 Data availability

In the use cases, two issues were faced in reiggndith the data availability. Firstly, there was a
lack in available ontologies and RDF fitegthe BNF, NH&nd prescriptions topicsThus, there
was a need to build ontologies for these topics with their RDF instaBeesral available CSV
spreadsheets ere convertedinto RDHilesto build up the prescriptions demonstratoiThe lack

of semantic data on the web hinder-tesing ontologies in newer systems. More public sharing

and publishing ontologies and RDF data is recommended for thessiotéhe SW vision.

The second issue faced widie incompleteness of the RDF dafdthoughwikidata has more than
90 million data itemgThe Wikimedia Foundation, 201 #)ere was a severatkin the related
information to the English coastal citie€olbborative open knowledge bases such as wikidata
depend oMk Y R A @éffertdzh @pkbadling and updating the data. Thus, there is no guarantee for
the availability nor the quality of the provided datdoreover, thedata needed in this case was
more of a geographical/map type of data which made mapping it to RDF a nontrivial tesk
more structural the data is, the easier the process of mapping to RDF willtheughthe task of
determining a coastal city fromraap isconsideredan easy task for humans, it is not that
straightforward task for a machine.pkogrammingalgorithm is needed tdefine a coastal city

for a machine. fie borders othe city need to be determine@ndchecked ithey are shared with
amarine body ofwater or not. Developing such programs atabls to handle nontrivial RDF
convertingwill help in supporting pblishing more linked datan the web The SW is based on the
principle of collaboration and data sharing; thus, the efficiency ofSWeapproach is

compromised when there is a lack of published data on the cloud.

7.3.4.2 Complexity of building ontologies

In the prescriptions demonstrator, an initial prototyfer the BNF, NHS and prescriptions
ontologies was provided. Designing an ontologydpresent a specific domain is a complex task
that requires analysing the syntax and semantics of the design. The designing process requires
human creativity in picturing a pper representation of a domain. Domain experts must be

involved in the designingrocess as they are the most qualified people that understand the
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requires of their field. It is recommended that computer scientist along with experts in the

investigated domaimrooperateto achieve the best possible results.

7.3.4.3 Lack ofefficient userfriendly tools

The final identified challenge in employing the SW in health research is the necessity @ have
certain amount otechnical knowledge in using the SMyproach Aknowledge iremployingthe

main SW standards such as RDF, OWL and SPARE@Hed if one wishes to: a) build ontologies,

b) convert instances and c) retrieve data via queries. For example, when an issue was faced in
converting big amounts of data to RDF via the automatic tool, a manual script was coded to solve
this technicaissue.There is a lack of the number of available efficient #sendly tools for

accessing, representing, retrieving and viewing semantic health resources. For inttencsed

tool in GraphDB for generating graphs for the uploaded linked datanotefficient indisplaying

big amount of data at a timé'he availability of more easto-use and efficient supporting tools

would encourage further adoption of the SW approdntealth research
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Chapter8 / 2y Of dza A2y

This chapter conables the thesis by answering the three addressed questions at the beginning of
the work and listing the main contributions, recommendations and future work in the field of

employing SW technologies in health research.

The aim of this thesiwasto underseind the usages, affordances and challenges facing applying
SW technologies in health researdlinree research questions were addressed regarding: i) the
types of health questions evident in the literature, ii) the uses of theirsiive literature and iii)

the identified affordances and challenges of applying the SW in health res@é@eauthor of this
thesis believes thahe three research questionsere answered through different stages of this

work.

In figure 81 a summary ofhe research questionand answers is illustarted. More details can be
found in the next sectionghat discusses the contributions, recommendations and future work in

this thesis.
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SubAims

Methods

Questions

Answers

Conclusion

Understanding the relationships between the SW and healt

research currently and potentially

Systematic reveiw

Demonstartor and usq
cases

What are the main health
guestions being addressedll How are the semantic web
in health research features being used in
employing semantic web health research?
technologies?

: SW features taxonomy and List of affordances and

What are the affordances
and challenges in employing
the semantic web for health

research?

TheSW can support health research and accelarte research findings, but it needs to

overcome some challenges.

Figure81: The thesis's summary figure

Chapter 8
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8.1 Contributions

The contributions of this work were achieved by answering the four reseprestions. e
contributions were achieved: 1) healtinas taxonomy 2) SW features taxonomy 3) the

prescriptions demonstratqo#) a list ofSWaffordances an®) a list of SVéhalenges

8.1.1 Health Aims Taxonomy

The first research question asking about the main addressed health questions in the joint
literature of the SW and health research. This question was answered in chapter 4 by
systematically reviewing the literature. One of thiain systematic review results was the health
aims taxonomy that mapped the addressed health questions in the literature. The health aims
taxonomy included 17 addressed health questions divided into four main aims: medical, public

health, health managemerand pharmaceutical questions.

By analysing the relationships between the addressed health question and the used SW features,
four characteristics of the addressed questions were deduced, which were 1) deuésied

guestions 2) personalisation questioBsquestions based on integrating heterogeneous data and

4) questions rely on accessing web information. This shows that the SW is able to represent
various health topics and address different types of questions. Another found point in regards to
the decison-based questions like diagnostic ones, there was a positive correlation between them
and using reasoning over rules to discover new knowledge. This finding implies that that this
technology has a potential in supporting health research especially inidebased and

diagnostic projects, which took a big share of the reviewed literature.

8.1.2 Semantic Web Features Taxonomy

The second research questions in this thesis concerned about how the SW features were used in
health research. The answer of this queatigas in the systematic review in chapter 4. The
systematic review revealed 12 SW features categorised under five main ones in the SW features
taxonomy. The most used features according to the literature were building new ontology,

integrating data localland exploring data via querying.

By analysing the usage rate of the SW features across the health aims, research trends and gaps
can be identified. For example, there was a trend in high usage rate of building ontologies and
integrating data locally acss all health aims. There was also a positive relationship between

using reasoning over rules and medical aimed questions. Some of the noticed gaps were in the

lack of reusing ontologies in the public health aim as well as a lack in sharing data in
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pharmeaceutical projects. Generally, there was a shortage in checking inconsistencies, updating
knowledge manually and automatically, integrating data remotely and sharing data publicly by all

health aims.

8.1.3 The Prescriptions Demonstrator

The aim of building therpof-of-concept prescriptions demonstrator was to show how the SW
features can be used in representing and addressing health topic in order to analyse any
affordances or challenges in the process. The demonstrator focused on tespiregenting,

integrating and exploring prescriptions datéhree interlinked OWL ontologies with their
accompanying RDF instances were developed namely the NHS, BNF and prescriptions ontologies.
The main source for designing the ontologies was open datasheets available ialih&he used
method for developing the system was the Extract, Transform and Load (ETL) process. GraphDB
was the used triplestore that includes a btiiitquerying interface for retrieving and testing the

system.

In addition to the prescriptions demonsti@t two health use cases were addressed using it. The
uses cases meant to represent and address interesting health questions by translating them into
SPARQL queries. The first use case was inspired from the literature and discussed the problem of
prescribng inequalities for diabetic medications. The second use case was suggested by health
expert and addressed the question of the effect of living in a coastal city in prescribing
antidepressants. Both use cases were successfully applied to the prescrigioosistrator,

however, there was insufficient amount of retrieved data in the second one. The quality of the
available data in the cloud was an obstacle in retrieving the needed results. There was many

missing data as well as some outdated data.

8.1.4 List ofthe Affordances of Employing the Semantic Web in Health Research

The third research question concerned on addressing SW affordances and faced challenges in
health researchA list ofaffordancesvasdeduced fromsystematicallyeviewing the literature In
addition, more affordances were found ihé process of developing the prescriptions

demonstrator and addressing health questions to it

The found affordances in the literature and practice wigréhe areas afa) datarepresentation
b) datalinkingand c) knowledge discovergome examples of the data representation
affordances are: 1) the ability to represent varigapics and questions2) simplicity and
flexibility and 3) the abilityo represent logical conditionsn regard tathe affordances in data

linking, the 8V proved its ability in: 1) linking hertogenous data?) linking locahnd remote data
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3) linkingpublic and private datand 4) flexibility in linking dat&’he third area where the SW
proved its usefulness is in discoverkigpwledge. The SW was used to: 1) explore linked data,

check for logical inconsistencies and finally 3) infer new information via using rules.

In developing the prescriptions demonstrator, a couple of affordances were noticed in addition to
the identified ones from the literatureThe SW show an ability to : 1) hanbig datg 2)perform
multiple integratonsat a timeg 3) aggregat data based on certain conditiaand 4) sipport

arithmeticcalculations.

8.1.5 List of the Faced Challenges of Employing the SeticaVeb in Health Research

Continuing answering the third research questionimilar listto the affordances one was
produced.A listof challenges facing employing the SW in health research was identified from a
literature and practical perspectivefur challenges were identifieftom reviewing the

literature: i) data accessibility, ii) data security, iii) data quaditgiv) data leterogeneity.More
challenges were identified in the process of building the prescriptions demonstrakich were:

1) data availability2) complexity in developing ontologies aBllack of efficienuserfriendly SW

tools.

8.2 Recommendations

TheSWcommuniié ySSRa&a (2 o0SySTAlG FNRY G(KS SELISNIa
RFGIF G2 3SG GKS Yzad 2F AG Ay RS@St2LMAy3 (KS
expertise is invaluable in building ontologies, information systems and weltesi@-operation
between computer scientists and domain experts is recommernidexandardise health data on

the web. The cooperation between different disciplinary is an essential step to the SW success.

Another example is in including some successhditional solutions into the SW experiment. The
traditional health linking approach used independent data centres for preparing and producing
readyto-use personal linked data for research purposambling independent data centres to
prepare and anonyrse personal data should thereby overcome challenges related to data
sensitivity and access. Such approach weumdourage more health researchers to use the SW

approach in their studies.

The SW community should support securigyated research for devefing more protocols in
dealing with data sharing using SW technologies. Finally, to encourage further employing for the
SW approach in health communigasyto-use SW interfaces and tools should be provided to be

used with health data resources.
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8.3 Future Waok

This section describes some proposed research directions in the field of employing SW

technologies in health research.

8.3.1 Reasoning over rules in health topics addressing decidiased questions

Based on the findings of the systematic review, theredsreaelation between studies addressing
decisionbased questions such as diagnostic questions and employing semantic rules to reason
new information. However, there is a lack in using logic in the form of reasoning over rules in
other types of studies. Kndng that the logic layer is one of the hidgwvel layers in the SW

layered stack, more research should be aimed into studying the possibilities of using sematic rules

into different health topics.

8.3.2 Standardising the process of publishing linked data on theb

One of the main found challenges in the process of employing SW technologies in health research
is the quality of the used data. Although there are some available standards for publishing data on
the web, the review revealed that the standards are fadlowed in all the cases. Thus, more

research should focus on how to improve the quality of the web data in any form.

8.3.3 Improving usetfriendly tools for accessing linked data

In order to utilise from the available health linked data on the cloud, a prag@mical
knowledge is needed to handle exploring and retrieving knowledge from ontologies. To
encourage noftechnical researchers to use linked data at most, more-frsendly interfaces and

guerying tools should be produced.

8.3.4 Supporting securityrelated studies especially in the case of incorporation between

private and public data

The vision of the SW is based on the concept of linking data on the web. While this vision is very
ambitious, many challenges arise with it. The security of the integratedidane of these
challenges especially when dealing with sensitive healthted data. The data security

community should focus on providing more solutions for the problem of integrating public and

private datasets together.
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8.3.5 Improving federated queryig technology

The SW research community should focus more on improving SPARQL federated querying
technology as it showed to be very handful in integrating data remotely. In the reviewed

literature, few health studies used the federated querying feature, while it protgegsefulness

in the practical example in the prescriptions demonstrator second use case. Research focus on the

limitations, scope, challenges and opportunities for this feature in health research.

8.4  Ending Statement

LG Aa GKS I dzi K2 ahRuppoid IB4lth ésearch &l diccelare $eseareh fidlings by
represnting various health topics and questions, integarting local and remote as well as private
and public data sources and finally by discovering new knowledge via exploring linked data and

inferring new information.

The SW has a potential in supporting health research, however, it is not yet ready to offer needed
data for different types of health research. The data on the web is still suffering from various
issues that considered to be obstas in the face of conducting any relevant research. Some of

the relised challenges are concerned in #ueessibility, security, quality, heterogenity,

availability and complexity of the used data.

More policies and protocols should be implemented by W comminity in managing linked

data as well as supporting academia in finding further solutions in securing and sharing data on
the web. A ceoperation between computer scientists and domain experts is highly recommended
to achieve a better understandinof the faced issued and produce scientifically accurate and
technically welformed data. Enabelling independent data centrs to produce reaadyse linked
semantic data as in the traditional approach would encourge more engagement from health

researches into adopting the SW approach.
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No. | paper publication | overview domain specific aims

year

1 | & A semantienveb oriented 2013 This paper introduce a new model | technical supporting healtkrelated
representation of the clinical to represent data in the EHRR by decisions by adding a
element model for secondary adding the semantics to The clinicy semantic layer to the
use of electronic health elementmodel (CEM) in order to CEM
records data perform reasoning and check

consistency.

2 | Social health data integration | 2012 This paper disscusses a system | technical providing health

using semantic Web where health rehted data is knowledge by extracting
extracted and intgrated from health-related data from
different communitis to provide different communities
health knowledge for the goal of
better health related decisions.

3 | *Applying semantic web 2012 This paper disscusses how to Medical identifying subjects with
technologies for phenome identify subjects with specific specific disease by
wide scan using an electronic diseases (Type 2 Diabetes Mellitug mapping phenotype
health record linked Biobank (T2DM) or Hypothyroidism) and genotype associations

phenotypes by idetifing genotype
phenotype associations through th
use of the semantic web technolog
applied to the clinical data in the
form of EHRR.

4 | *Using Semantic Web 2012 This paper disscuss#se potential | Medical identifying subjects with
Technologies for Cohort of using the semantic web for specific disease by
Identification from Electronic identifying subjects with specefic mapping phenotype
Health Records for Clinical dieseses (Diabetes Mellitus) in genotype associations
Research cohort studies.

5 | The role of taxonomies in 2013 This paper discsses the use of the| technical searching for health
socal media and the semantig semantic web in searching health education content in
web for health education: A education content in the youtube social media by using
study of SNOMED CT terms i video tags
youtube health video tags

6 | WPAN Based Semantigeb 2013 This paper demonstrates a wireles| technical managing andransfering
Health Monitoring smart application that uses the patient's data by using a

semantic technology for the wireless application
purpose of diagnoses (pregnancy)|

7 | Convergence of Health Level | 2016 To present the technical backgrout technical supporting information
Seven Version 2 Messages tg and the deelopment of a exchange and
Semantic Web Technologies procedure that enriches the communication in
for Softwarelntensive System semantics of Health Level Seven telemedicine trauma care
in Telemedicine Trauma Care version 2 (HL7v2) messages for by adding semantics in

& 2 U (-iatenbi# systems in the HL7v2 messages
telemedicine trauma care."

8 | Enhancing Automated Decisi¢ 2014 This paper aims to integrate Medical finding interdependent
Support across Medical and patient's information from two conditions between two
Oral Health Domains with domains: general and oral health tq health domains by
Semantic Web Technologies support decision. reasoning over cross

domain patient's
information

9 | A Comparison of Mobile Rule| 2014 This paper compares the technical supporting self health
Engines for Reasoning on benchmarks in mobile reasoning tq related decisions using
Semantic Web Based Health examine theirt scalability. Atrial mobile platforms by
Data Fibrillation (AF) data set was their examining the scalibilty d

case study.
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4 benchmarks reasoning
engires

10 | *Semantic Web Services for | 2012 This paper suggests a model for th technical supporting health
medical health planning problem of health planning. The planning (finding the
model has been shown from the proper health provider
patiet's perspective and the health for a certain patient) by
provider's side. developing a SWS
presenting the health
provider side and the
patient side

11 | **Multi -Agent Based Semanti| 2012 This paper suggests a model for th technical supporting health
Web Service Model and problem of health planning. The planning (finding the
Ontological Description for model has been shown from the proper health provider
Medical Health Planning patiet's perspective and the health for a certain patient) by

provider's side. developing a SWS
presenting the health
provider side and the
patient side

12 | %Potential of Linked Open | 2012 This paper discusses the potential | technical supporting health
Data inHealth Information the linked open data in representin| management data by
Representation on the health data. discussing the potential
Semantic Web of linked data in

representing helih data

13 | Semantic Web and the Futurg 2015 This paper discusses the different | technical supporting data
of Health Care Data in Family| terminologies used by computer management in health
Practice scientists regarding the semantic care by introducing

web in the health domain and semantic web
suggest the use of the semantic wg terminologies to family
tecniques along with the natural practitioners

language processing techniques tq

improve the family practice.

14 | CrossDomain Semantic Web | 2016 This paper discusses an approach| technical supporting multilingual
Model for Understanding using Arabic as a natural language, semantic web
Multilingual Natural Language for querying a health/food system technologies by helping
Queries: English/Arabic immediatlly. users to query the syster
Health/Food Domain Use Cas in Arabic

15 | Healthcare System Based on| 2013 This paper aims to manage the technical managing diagnostic dat
Semantic Web and XML medical data during the diagnose by presenting an
Technologies through the use of semantic and ontology-based

XML technologies. framework that
integrates biological data
sources

16 | Senhance: a Semantic Web | 2015 This paper aims to integrate self |technical supporting health
framework for integrating reported data fom social networks professionals by
social and hardware sensors with sensor's data in order to creat integrating seHreported
e-health a space for dnealth applications. data from social network

with observations from
sensors

17 | A semantic cache for 2012 This paper uses semantic technical supporting colloctive
enhancing Web services annotations in community web memories in web service|
communities activities : Heall services in a case study in the hea community by indexing &
care case Study domain. healthcare Web services

with semantic
annotations

18 | A SemantidBased Health 2015 This paper propse a model for technical supporting sehhealth
Advising System Exploiting Personal Health Record(PHR) wek advising systems by
Web-Based Personal Health service for the prpose of self proposing a model for
Record Services health advising. Personal Health Record

(PHR)
19 | Leveraging electronic 2013 This paper proposes a method to | Medical classifying patients with

healthcare record standards
and semantic web
technologies for the
identification of patient
cohorts.

classify patients by the risk of
developing colorectal cancer using
their (EHRS).

the risk of developing a
certain disease
(identifying patient
cohorts) by using
phenotyping algathm
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20 | Process interoperability in 2013 This paper proposes a method to | technical supporting semantic
healthcare systems with add a semantic layer over existing interoperability in
dynamic semantic web health web services. healthcre systems by
services adding a semantic layer

over existing health web
services

21 | From healthcare messaging |2013 This paper proposes a novel meth( technical utilizing healthcare
standard to semantic web to generate semantic annotations domain knowledge by
service description: Generatin automaically. generating semantic
WSMO annotation from HL7 annotations
with mappingbased approeh automatically

22 | Information Asymmetry 2014 This paper introduces an technical minimizinginformation
Minimization System for information system to health asymmetry in Indian
Potential Client®f Healthcare isurance clients to find the proper healthcare insurance
Insurance in Indian Context provider with the difficulty of market by proposing an
using Semantic Web assymetric information. information system (SW{

23 | & A semantienveb oriented 2013 This paper introduces an effar technical supporting healtkrelated
representation of clinical add a semantic layer to the clinical decisions by adding a
element model for secondary element model (CEM), which is an semantic layeto the
use of electronic healthcare information model designed for CEM
data representing clinical information in

electronic health records (EHR)
systems.

24 | The impact of social media |2014 This paper demonstrates the technical improving information
networks on healthcare imapact of social networks on the flow and supporting
process knowledge health care domain by developing decision making in
management (using of ontologies. healthcare by aquising
semantic web platforms) knowledge from social

networks and integrate it
to construct a domain
ontology

25 | EHR4CR: A semantic web 2012 This paper proposes a model for | technical improving clinical trials b
based interoperability improving the clinical trials throuh providing a semantic
approach for reusing electron the use of electronic health records interoperability system
healthcare reords in protocol (EHRS). for reusing EHRs
feasibility studies

26 | Rulebased semantic web 2012 This paper proposes a framework | technical proposing a framework
services annotation for for supporting interoperability for interoperating health
healthcare information between incompatible electronic care systems by
integration patients records (EPRS) in generating semanticules

independent health care sysins. with the help of
annotations

27 | *Applying linked data 2012 This paper discusses how to convg Pharmacology discovering potential
principles to represent the EHRs in Mayo clinic from drug-drug interactions by
patient's electronic health relational database form to virtual mining patient
records at Mayo clinic: a case| RDF form. information
report

28 | *Using linked data for mining | 2013 This paper aims to find potential | Pharmacology discovering potential
drug-drug interactionsn drug drug ineraction$PDDI) in drug-drug interactions by
electronic health records Mayo clinic's electronic health mining patient

records (EHRs) for prescribed information
cardiovascular and gastroenterolog
drugs.

29 |*Mining Anti-coagulant Drug | 2013 This paper aims to find potential | Prarmacology| discovering potential
Druglnteractions from drug drug ineractions (PDDI) in drug-drug interactions by
Electronic Health Records Mayo clinic's electronic health mining patient
Using Linked Data records (EHRs) for prescribed information

cardiovascular and gastroenterolog
drugs. (same as above)
30 | Design and Development of a 2014 This paper ens to evaluate the technical evaluating linked data

Linked Open DatBased
Health Information
Representation and
Visualization System:
Potentials and Preliminary
Evaluation

semantic web technology for
representing, querying and
visualizing the health data.

technologies for health
care domain by
developing an LObased
health information
system
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31 | The Canadian health cersas | 2013 This paper aims to rpublish the technical re-publishing the
Linked Open Data : towards open Canadian health census datg Canadian open health
policy making in public health as linked open data. data by using the linked

datatechnologies

32 | Linked Open Drug Data from | 2013 This paper focuses on transforming technical re-publishing the
the Health Insurance Fund of a dataset from the Health Insuranc| Macedonian Health
Macedonia Fund (HIF) of the Republic of Insurance Funds data byj

Macedonia website into an open using the linked data
linked data interlinked with the technologies
DrugBank domain.

33 | Towards Linked Vital 2014 The aim for thiproject is to create | Social epidemiological planning
Registration Data for a knowledge base for historical by analysing longitudinal
Reconstituting Families and information for individuals such as historical data
Creating Longitudinal Health birth, marriage, death records. Thig
Histories will help the historians (researchers

to question the official reports for
maternal and infants mortality ratey
the data in deptlflongitudinal data).

34 | RDFzation of DICOM Medica| 2015 This paper proposes a process for| technical Semintifying medical
Images towards Linked Healt semantifyinga Digital Imaging and images by extracting and
Data Cloud Communications in Medicine serializing metadata

(DICOM) medical image by
extracting and serializing the
metadata.

35 | Mining Electronic Health 2015 This paper aims to transform the | Medical selecting patient cohort
Records using Linked Data data in the Stanford's STRIDE by phenotyping and

database to a semantic version to idetifying genes
illustrate basic cohort selection,

phenotypic profiling, and

identification of disease genes.

36 | Afinegrained contexiaware |2016 This paper introduce a new model | technical controlling access for
access control model for for access control to the Health Ca HCLS linked data by
health care and life science and Life Sciences (HCLS) linked d presenting an access
linked data control model

37 | Linked Data Analytics in 2016 This paper introducan approach |technical analysing linked data to
Interdisciplinary Studies: The for producing linked data analytics serve research by using
Health Impact of Air Pollution in urban environments. linked data technologies
in Urban Areas in an urban environment

study

38 | LinkedHealthAnswers: 2014 This paper presents a natural technical supporting quering the
Towards Linked Datdriven language processing (NLP) systen health data cloud by
Question Answeng for the that utilize the querying process fol using natural language
Health Care Domain the health data cloud. processing

39 | Pubishing Romanian public |2015 This paper discusses the process ( technical re-publishing the
health data as Linked Open publishing the Romanian health Romanian open health
Data data as RDF. data by using the linked

data technologies

40 | My Health Dictionary : Study | 2015 This paper aims to develop an technical exploring content
on Web Service using Progral information hub for health related information in TV health
Information Datahub as programmes on TV, where the use progrmmes by developin
Linked Open Data can explore programme related an information hub using

information and content linked open data
information.

41 | Personal healthcare record | 2014 This paper proposa system that | technical assessing patient's
integration method based on integrates personal health records conditions by integrating
linked data model (historically and currentally) (EHRS historical and currental

to help doctors in assessing the personal health records
patient's condition.

42 | AlODbased service for 2015 This paper presents a method to | technical making emergency

extracting linked open
emergency healthcare data

create an emerency LOD by
exporting emergency health data
semantically and linking it with LOI[

healthcare datavailable
to authorized users by
describing a LObased
cloud service that
automatically export
emergency healthcare
data
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No. | Health domain Health subdomain(systems) Health Issue users
1 | health management decision support system general health health professionals,
(decision support) decision makers
2 | health information (public | social netwoking general health patients, care givers
health)
3 | clinical (diagnosis) genomewide association studies Type 2 Diabetes and academic medical
(GWAS), electronic healtlecords Hypothyroidism, genetics centers
(EHRSs)
4 | clinical (diagnosis) genomewide association studies Diabetes Mellitus, genetics academic medical
(GWAS) centers
5 | health information (public | socialnetwoking educating videoes on surgery | health learners
health)
6 | clinical (diagnosis) smartphone healthcare systems, pregnany patients, healthcare
Diagnostic Systems providers
7 | health management Healthcare information systems trauma care emergency services,
(communication) (HIS), telemedicia the receiving hospital
8 | clinical (diagnosis) decision support system general and oral health healthcare
practitioners
9 | clinical (diagnosis) decision support system Atrial Fibrillation (AF) healthcare
practitioners
10 | health management Semantic Web Service (SWS) general health patients, doctors,
(planning) hospitals
11 | Health management Semantic Web Service (SWS) general health patients, doctors,
(planning) hospitals
12 | health information(health | decision support system general health health professionals,
data, representation) decision makers
13 | health information (public | health information systems (HIS), | general pactice (GP) general practitioners
health) electronic health records (EHRS), (GPs)
natuaral language process (NLP)
14 | health information (public | Semantic Web Service (SWS), natu| nutrition the public
health) language processing (NLP)
15 | clinical (diagnosis) diagnosing Jaundice disease personal, health
providers
16 | health information (public | social networking, nutrition health professionals
health)
17 | health information (public | Semantic Web Service (SWS) general health health professional
health) communities
18 | health information (public | Semantic Web See (SWS), general health the public
health) Personal Health Record (PHR),
advising system
19 | clinical (diagnosis) electronic health records(EHRS), cancer doctors, decision
decision system makers
20 | health information (health| Semantic Web Services (SWS) laboratory hospitals, clinicians,
data, representation) medical support staff,
and patients.
21 | health information (health| Semantic Web Services (SWS) laboratory developers
data, annotation)
22 | health information (health| health information systems (HIS) health insurance clients, patients
data, integration)
23 | health information (health| electronic health records (EHRS) general health health practitioners
data, representation)
24 | health information (public | healthinformation systems (HIS), general health patient, health
health) social media, knowledge practitioners
management (KM)
25 | clinical (research) electronic health records (EHRS) general researchers
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26 | health information (health| electronic patient records(EPRs), | general health patient, health
data,interoperability) semantic web services (SWS) practitioners
27 |clinical (diagnosis) genomewide association studies type 2 diabetes, genetics academeé medical
(GWAS), electronic health records centers
(EHRSs)
28 | pharmacology (drugs electronic health records (EHRs), | cardiovascular and biomedical
interactions) genetics, potential drugirug gastroenterology drugs researchers
interactions(PDDIs), decision suppo|
system
29 | pharmacology (drugs electronic health records (EHRs), | anti-coagulant drugs biomedical
interactions) genetics, PDDI, decision support researchers
system
30 | health information(health | decision support system (DSS), hea] humanimmunodeficiency virus | health managers
data, representation) information system (HIS) infection/acquired
immunodeficiency syndrome
(HIV/AIDS)
31 | health information (health| decision support system (DSS), heal The Canadian health census health managers,
data, publishing) information system (HIS) policy makers
32 | health information (health| publishing LOD drugs developers, public
data, publishing)
33 |clinical (research) health history maternal and infant mortality historians, researche
rates
34 | clinical (diagnosis) imaging general clinicians, experts,
patients
35 | clinical (research) electronic health records (EHRSs) genetics researchers
36 | health information (health| access control system general health publishers
data, accessability)
37 | health information (public | publishing and analyzing LOD, pollution managers, policy
health) decision support system makers
38 | clinical (research) natural langauage processing (NLP) general researchers, clinician
system
39 | health information (health| publishinggovernmental data general health health managers,
data, publishing) patients, researchers
40 | health information (public | health TV programmes general health public
health)
41 | clinical (diagnosis) electronic health records (EHRS) general health doctors
42 | healthinformation (health | emergency medical services (EMS), emergency managers, policy
data, representation, personal health records (PHRS) makers, researchers
mapping)

A.3 Aims/ Goals

No. | support health support research support diagnosis support support ehealth systems
administration learning
1 |1 (decision making by the | 0 0 0 1 (secondary use of EHRS)
healthcare provider)
2 | 1 (seltdecision making) 0 0 1 (self 1 (extract and integrate
learning) social networks data)
3 |0 1 (mapping phenotype |1 (identify subjects |1 (support 1 (secondary use of EHRS)
genotype associations) | with diesese) linked data)
4 |0 1 (mapping phenotype |1 (identify subjects |1 (support 1 (secondary use of EHRS)
genotype associations) | with diesese) linked data)
5 1|0 0 0 1 (self 1 (tagging youTube videos)
learning)
6 |0 0 1 (checking the 1 (self 1 (a smartphone
patient's situation monitoring) application)
wirelessly)
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7 | 1 (communication within |0 0 0 1 (HIS)

different healthcare
services)

8 |1 (decision making by the | 1 (finding associations |0 1 (support 0

healthcare provider) between oral health and linked data)
general health)

9 |1 (selfdecision making) |0 0 0 1 (mobile semantic
reasoners)

10 | 1 (seltdecision making) 0 0 0 1(SWS)

11 |1 (seltdecision making) |O 0 0 1 (SWS)

12 | 1 (decision making in 0 0 1 (support 0

general) linked data)

13 |1 (decision making in 0 0 1 (support 0

general) linked data)

14 |0 0 0 1 (support 0

linked data)

15 |0 0 1 (by presenting a 1 (support 0

disease ontology) linked data)

16 |0 0 0 1 (self 1 (integrating sensor's data

monitoring) | with social media data)

17 |0 0 0 0 1 (searching relevant
resources by using
annotations)

18 | 1 (seltdecision making) |0 1 (selfdiagnosis) 0 1 (selfadvising system)

19 |0 1 (mapping phenotypes) | 1 (identify subjects | 1 (support 1 (secondary use of EHRs)

with diesese) linked data)

20 | 1 (decision making by the | 0 0 0 1 (adding semantic layer in

healthcare provider) e-health services)

21 |0 0 0 1 (support 0

linked data)

22 | 1 (selfdecision making) 0 0 0 1 (comparing various health
insurance services)

23 | 1 (decision making by the | 0 0 0 1 (secondary use of EHRSs)

healthcare provider) (adding a semantic layer in
the clinical model)

24 | 1 (communication within |0 0 1 (self 0

different healthcare learning)
services)

25 |0 1 (clinical trials) 0 0 1 (secondary use of EHRSs)

26 |0 0 1 (reviewing patient's| 1 (support 1 (secondary use of EPRS)

history) linked data)

27 |0 1 (mapping phenotype |1 (identify subjects |1 (support 1 (secondary use of EHRSs)

genotype associations) | with diesese) linked data)

28 |0 1 (finding potential drug | 1 (finding a proper |0 1 (secondary use of EHRS)

drug interactions) treatment)

29 |0 1 (finding potential drug | 1 (finding a proper |0 1 (secondary use of EHRS)

druginteractions) treatment)

30 | 1 (decision making by the | 0 0 1 (support 0

healthcare provider) linked data)

31 | 1 (decision making in 1 (providing research 0 1 (support 1 (health services)

general) data) linked data)

32 | 1 (decision making in 1 (providing research 0 1 (support 1 (health services)

general) data) linked data)

33 | 1(epidemiological 1 (create longitudinal 0 0 0

planning) health data)

34 | 1 (communication within |0 1 (pattern prediction)| 1 (support 0

different healthcare linked data)

services)
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35 |0 1 (cohort selection, 1 (identification of 1 (support 1 (secondary use of EHRs)
phenotypic profiling) disease genes) linked data)
36 |1 (planning accessability |0 0 1 (support 0
control) linked data)
37 |1 (decision making by the | 0 0 0 0
healthcare provider)
38 | 1 (decision making in 0 0 1 (support 0
general) linked data)
39 |1 (decision making in 1 (providing research 0 1 (support 1 (healthservices)
general) data) linked data)
40 |0 0 0 1 (selt 1 (TV programmes)
learning)
41 |0 0 1 (reviewing patient's| 0 1 (secondary use of EHRS)
history)
42 |1 (decision making by the | 1 (providing research 0 0 1 (emergency health

healthcare provider)

data)

services)
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) e study study | sample
No. | paper resource | overview specific aims | study type year period | size
The utility of
linked cancer This paper discussed thq
registry and resglts of Imkmg cancer predicting the
health registry data with .
o . S . risk of
administration (Buckle administrative data. The developing a
data for Y study resulted in an . pIng retrospective | 1989
1 s etal. . ) . disease by 21 9544
describing estimate of the invasive . cohort study | 2010
A 2016) . tracking
systemwide breast cancer (IBC) risk atient's
outcomes and following a screen Eistor
research: A detected ductal carei y
BreastScreen noma in situ (DCIS).
example
predicting the
Heart Failure risk of
Following Cancer This paper discusses thg developing a
Treatment: characteristics of the disease by
L (Clark, R. | . . . - .
Characteristics, issue of heart failure in | finding retrospective | 1996
2 . A.etal. \ . 2 . 13 15987
Survival and cancer's patients after | associations study 2009
. 2016) .
Mortality of a exposing to between two
Linked Health chemotherapy. medical
Data Analysis. conditions
(comorbidity)
This paper introduces
the CALIBER project
which provides the
clinical research with
Data Resource readyuse_ Qata variables
- from the joint data
profile: repositry consists of
Cardiovascular ep Y 2012-up
] linked data extracted not related
disease research | (Denaxas ) . : . to now
e from electronic health (introducing a linked data
3 using linked etal. . } (the 4 901629
. records (EHR) from the idea of a project :
bespoke studies | 2012) . ) project
. primary care , coded new project) N
and electronic . . initiated)
hospital records, szial
health records deprivation information
(CALIBER) p "
and causespecific
mortality data. An
example has been
provided in the paper as
well.
What factors
corntribute to finding
positive early success factorg
childhood health for a specific
gnd devel_opment This paper studies the c_ohprt by
in Australian . finding
o factor contibutes to S
Aboriginal (Falster - . associations .
. positive early childhood retrospective | 2009
4 children? etal. . between 3 9000
development in . cohort study | 2012
Protocol for a 2015) . . . various
; Aboriginal children in L .
populationbased . administrative
Australia. . )
cohort study information
using linked with
administrative development
data (The Seeding outcomes
Success Study)
Visualising linked . . . evaluating
health data to T.hls paper investigates health
visualizing health
explore health (Falster . ; outcomes cohort study
services provided for . . 2006
5 events around etal. - ) (performance) | using static 3 266950
participants, in order to ; e S 2009
preventable 2016) . by identifying | timelines
e analyse any patterns in 2
hospitalisations health services use and predicting
in NSW Australia ) health services
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usage's
patterns
understanding
Explaining Health This paper attempts to health (.:OStS
: . ) (expedintures)
Care Expenditure predict the possible -
S : by finding
Variation: Large healthcare expenditure L
- N associations
Sample Evidence . of eachindividual. They Cross
. . (Ellis et between . 2006
6 Using Linked found that the costa are ) sectional 3 267188
al. 2013) . expedintures 2009
Survey And highly related to the ) survey
\ and patients
Health person's age as well as o
S . . characteristics
Administrative to the lifestyland (demographic
Data unhealthy habbits. graphic,
health
conditions..)
In this paper they study
the potential
implications of linking
Motk GASYGdQa
questionnaire 2)Routine
datasets 3)Experimental| identifying
HERALD (Health data to get ONE Jc_>|ned early o
: . . data resource. This can | characteristics
Economics using | (Husain ) . 2009
. allow them to map the | of developing | alinked data
7 Routine etal. . . . (the 0 1
. patient's journey a disease by project
Anonymised 2012) . . example)
) retrospectively and tracking
Linked Data) . s
prospectively. patient's
Moreover, hey support | history
their work with an
example for a patient
with the Ankylosing
Spondylitis (AS)
condition.
retrospective
cohort study
This paper aims to I(Isee paper
. Pregnancy,
N describe the process of .
Preparing linked L . prison and
) linking data in the case ;
population data of pregnant prisoners not related perinatal
8 for research: (Hilder et The? a?m to stud a " | (linking data outcomes in | 2000 6 204000
cohort study of al. 2016) y . Y for specific New South 2006
) . representative
prisoner perinatal . cohort) Wales,
population of mothers .
health outcomes. . Austra9ia: a
by the help of linked )
data retrospective
’ cohort study
using linked
health data")
finding burden
of a specific
. . disease on a
This paper aims to health service
The health understand the burden -
. . by finding
services burden of heart failure .
. (Roberts S associations
of heart failure: admissions on health 2000
9 ) ; on et al. . ) between cohort study 7 29161
an analysis using services and to estimate| 2007
. . 2012) . health
linked population the possible
. . . burdens and
health datasets relationships with age .
patients
and gender. -
characteristics
(demographic,
admission..)
Apopulatior This paper aims to study dlscov_erlng
: . potential drug
based study of the drug interaction
. drug
the drug (Juurlink | between proton pump . .
. : . interactions by
10 | interaction etal inhibitors and identifyin
between proton 2009) clopidogrel by minning 9
S : patterns in
pump inhibitors the patients sample .
. patient
and clopidogrel exposed to both ; .
information
Using linked This paper aims to finf N
- . finding inter
educational the association between dependent
attainment data (Cornish | the duration of cor?ditions
11 | toreduce bias etal. breastfeeding and 1Q at
. between
due to missing 2015) the age of 15 by health
outcome data in reasoning and analysing domains
estimates of the the linked data.
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association
between the
duration of
breastfeeding
and IQ at 15
years

B.2

Domain Information

No. | Health domain Health Issue users
1 clinical breast cancer ?
2 clinical blood or breast cancer, heart failur{ ?
3 clinical Cardiovascular disease health care and public health polic|
4 social health (public health) early development in children ?
5 health management (healtkervices) preventable hospitalization ?
6 health management (health economic{ health expenditure policy makers
7 1) health information, 2) clinical tracking patints'history ?
8 1) health information, 2) clinical pregnancy in prison researchers
9 1) health information, 2) clinical heart failure managers
10 | 1) health information, 2) clinical
11 | 1) health information, 2) clinical
B.3 Aims/ Goals
No. | administration diagnosis pharmacology | learning
1 (finding
1 0 disease's risks) 0 0
1 (finding
2 0 disease's risks) 0 0
3 1 (health policies) | 0 1 1 (supporting research by promoting for linked data)
1 (health
4 services)(health 0 0 0
policies)
5 1 (health services) | 0 1 0
6 1 (health 0 0 0
economics)
1 (health L(tracking . . .
7 . patient's 1 1 (supporting research by promoting for linked data)
economics) .
history)
1 (recognising
8 1 (health services) | patterns of 0 1 (supporting research by promoting for linked data)
diseases)
1 (supporting research by promoting for linked data) ("The
1 (health major strength of this study is that patietg¢vel analyses
9 services)(health 0 0 allowed us to calculate readmission rates,-dian survival and
economics) importantly, quantify the strong ageelated trends in
incidence of diseasd.OS and mortality.")
10 1
11
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No data data representation | re-using reasoning querying data description data
" | integration (modelling) resources (exploring) (annotation) visualization

1 1 0 1 1 1 0 1

2 1 0 1 1 1 0 0

3 1 1 1 1 1 1 0

4 1 0 1 1 1 0 1

5 1 1 1 1 1 0 1

6 1 0 1 1 1 0 1

7 1 1 1 1 1 0 0

8 1 0 1 1 1 1 1

9 1 0 1 1 1 0 1

10 |1 1

11 | 1 1

B.5 Data Resources
no. data Linking .

No. ggltja;ces data sources data type format methods Linking tool
administrative data, the

1 2 f:#;giﬁg::ﬁr;breaﬁ administrative data, cancer registry ? ? ?
programme (BSSA)

Hospital Admitted
Patient Data Collection, probabilistic

2 3 Queensland Cancer Administration data, Cancer s matching Linkage Wiz
Registry (QCR) facility | Registry, Death Registry ) methods software
and Unit Record, Birth,

Deaths and Marriages
1) Longitudinal primary care data
Diagnoses and symptoms ifre
spective of hospitalization, drug
- . prescriptions, vacciations, blood
]Fi);zza(igglegafa:ﬁrﬁﬂce test_ results, risk factors, 2)National
(CPRD), 2)the registry of Acut(_e C_oronary
Myocarc’iial Ischaemia Syndrome_adm|35|on_s Phenotype
National Audit Project (ST Elevation M;cardlal Infgrctlon,
(MINAP), 3)Hospital Non—ST Elevation Myocgrd|a| ? (NHS
. ' o Infarction, Unstable Angina), number, date .
Episodes Statistics ) . a Trusted Third

3 5 ) severity and treatment data, ? of birth, sex
(HES), 4)the Office for . Party
National Statistics (ONS) 3)Na_t|or_1a| Qata warehouse of and post
mortality, 5)social hosp.ltgllzat.lons recorded for ' code)
deprivati’on data. EACH admln[stratlve purposes Inpatlent,

DATA CATEGORY ou:jpatletnt, ime;ggngy, critical care

and maternity adrissionsa
SEPASSELSRSES'\?ANY Operations and surgical

procedures, 4)National census of g

deaths Primary and underlying

cause of death, 5)Small area patie

social deprivation data.
various admirstrative
data (birth outcomes,
congenital conditions, 2 stages: 1)The
hospital admissions, Centre for
emergency department Health Record
presentations, receipt probabilistic Linkage
of ambulatory mental matching (CHeRelL) 2)Thg
healthcare services, use - . methods, Australian

e administrative data, census data, . e -

4 3 of general practitioner birth registry ? identifiers Institute of
services, contact with (name, date Health and
child protection and of birth, sex Welfare
out-of-home care and address) | (AIHW) Data
servies, receipt of Integration
income assistance and Services
fact of death), Centre,
Australian Early
Development Census
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data, perinatal and birth
registration data sets,

1) the Department

I dzY+ky { SNIBA
Medicare system

6! dzad NI £ Al Q
universal health
insurer), 2) the NSW
Admitted Patient Data
Collection (APDC), 3) al

1) sociodemographic and health
characteristics of participants
guestionnaire, 2) Hospitalisations,

NSW public and private| 3)census of all hospital separation probabilistic CHeReL using
sector hospitals and day| (dischargestransfers and deaths), | ? matching ChoiceMaker
procedure centres, 4) 4) Emergency Department Data, 5 methods software
the NSW Emergency Medicarefunded claims for GP and
Department Data specialist medical practitioner
Collection(EDDC), 5) consultations, 6)Death Records
the Medical Benefits
Schedule (MBS), 6)the
NSW Registry of Births,
Deaths and Marriages
(RBDM)
1)the Medicare
Australia enrolnent
database, 2)annual
healthcare costs
calculated from several
ﬁ:{;igr Qr?jpltal, probapilistic
pharmaceutical records, . matching ) the Centre for
3)NSW Admitted 1)crosssectional survey 2)panel methods (first Health Record
. . dataset for annual costs 3,4,5,6) ? name, Linkage

Patient Data Collection, o .
4)NSW Emergency Administrative data surname, (CHeRe_L), the
Department date of birth Sax Institute,
presentation data, and address.)
5)Medical Benefits
Schedule (MBS) data,
6)Pharmacetical
Benefits System (PBS)
data,
1) questionnaire about E]rgtt::z?:nlsnc
thenumber of visits for methoc?s Matching
healthcare services 2) (NHS number Algorithm for
the Secure Anonymised| 1) questionnaire 2) routine or a mixture Consistent
Informa- tion Linkage data(clinical data) 3)questionnaire | ? of forename Results in
(SAIL) databank 3)the | routine data surname " | Anonymised
Welsh population ender ’ Linkage
based ankylosing gostcoc’je and (MACRAL), SAI
spondylitis (PAS) cohort date of birh)

1)prisoner location and transfer

history, classification, security, self]

harm, demographics, and biometri
1)The Offender identification. 2)patterns of
Integrated Management| pregnancy care, childith and
System (OIMS)The newborn outcomes.
Perinatal Data 3)administrative data from public A
Collection (PDQ)The and private health services (patien pmrgtbc i?r']lésnc ZZit';leSfo\?vr
Admitted Patient Data | demographics, proceures and 5 methods Health Record
Collection (APD@)The | diagnoses). 4)the therapeutic ’ (person's Linkage
Pharmaceutical Drugs o substance, the prescriber, and identifier) (CHeReL)
Addiction System patient demographics.
(PDAS))The Register of 5)notifications of structural and
Congenital Conditions | chromosomaktonditions diagnosed
(RoCC). during pregnancy and12 months

after birth(name and address

details for the mother and

thechild).
1) the NSW Admitted pmrgﬁziti)rllhgsnc the Centre for
PatientData Collection | 1)private and public hospital ? methods Health Record
(APDC) 2)the NSW separations (administrative data) | (available 6 LIt G A 8y Linkag using
Registry of Births, 2)death for names and ChoiceMaker
Deaths and Marriages | registrations(administrative data) | public)
(RBDM) _other_ ' software

identifiers)
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not
10 mentioned
11
B.6 Challenges
No. mismatching linkage (conflicting data) data ambiguity (data quality) limited access to data
1 0 1 0
2 1 0 1
3 1 1 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 1 0 1
9 1 1 0
10
11
B.7 Strengths
‘ cost and time higher resoultipn assesing identifying population-
No. | large sample size . approach(multiple real-world level patterns (trends,
effectivness . - . A )
sources)(bigger picture) services relaionships)
1 0 1 0 0 0
2 1 0 1 0 0
3 1 0 1 0 0
1(maximises statistical
power, increasing the
4 woraAOAf Ade Qs ! ! 0
geographic variation)
5 1 0 0 1 1
6 1 0 0 0 1
7 0 1 1 0 0
8 1 0 1 1 0
9 0 0 1 1 1
10
11
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C.1 Generallnformation

No. paper year overview domain specific aims
This paper disscussesw to
Apply|r_19 |d_ent|fy subjects W|t_h specific identifying
semantic web diseases (Type 2 Diabetes . .
. . subjects with
technologies for Mellitus (T2DM) or P
. - specific disease by
phenomewide Hypothyroidism) and phenotypes . .
1 - 2012 ) o Medical mapping
scan using an by identifing genotypephenotype henotvpe-
electronic health associations through the use of penot yg
record linked the semantic web technology gssoc)ilgtions
Biobank applied to the clinical data in the
form of EHR.
*Using Semantic identifying
Web Technologies This paper disscussése subjects with
for Cohort potential of using the semantic specific disease by
2 Identification from | 2012 web for identifying subjects with | Medical mapping
Electronic Health specefic dieseses (Diabetes phenotype-
Records for Clinical Mellitus) in cohort studies. genotype
Research associations
Enhancing finding inter
dependent
Automated .
- . . . conditions
Decision 8pport This paper aims to integrate
b R . between two
across Medical ang patient's information from two . .
3 2014 L Medical health domains by
Oral Health domains: general and oral health .
. . - reasoning over
Domains with to support decision. .
. crossdomain
Semantic Web -
. patient's
Technologies ; ;
information
Leveraging classifying patients
electronic with the risk of
healthcare record This paper proposes a method tg developing a
4 standar_ds and 2013 classify _patlents by the risi Medical c_ertal_n c_i|sease_
semantic web developing colorectal cancer (identifying patient
technologies for using their (EHRS). cohorts) by using
the identification phenotyping
of patient cohorts. algorithm
*Applying linked
data pr|nC|pIe§ to‘ This paper discusses how to d|sc0v§r|ng
represent patient's . - potential drug
) convert the EHRs in Mayo clinic . ;
5 electronic health 2012 ) Pharmacology drug interactions
from relational database form to L :
records at Mayo . by mining patient
o virtual RDF form. . .
clinic: a case information
report
*Using linked data This paper aims t_o find potengal discovering
e drug drug ineractions (PDDI) in .
for mining drug e . potential drug
. . Mayo clinic's electronic health . ;
6 drug interactions 2013 : Pharmacology drug interactions
. ) records (EHRs) for prescribed L .
in electronic . by mining patient
cardiovascular and . :
health records information
gastroenterolog drugs.
- . This paper aims to find potential
* -
Mining Anti drug drug ineraction$PDDI) in discovering
coagulant Drug e . .
Drug Interactions Mayo clinic's electronic health potential drug
7 9 ) 2013 records (EHRs) for prescribed Pharmacology drug interactions
from Electronic . L :
cardiovascular and by mining patient
Health Records astroenterology drugs. (same aj information
Using Linked Data 9 gy drugs. |
above)
Towards Linked The aim for this project is to
Vital Registration create a knowledge base for . . .
L : epidemiological
Data for historical information for lannina b
Reconstituting individuals such as birth, . P 19 by
8 - 2014 . .| Social analysing
Families and marriage, death records. This wil -
) S longitudinal
Creating help the histaians (researchers) L2
oS . y historical data
Longitudinal to question the official reports for
Health Histories maternal and infants mortality
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rates the data in
depth(longitudinal data).

This paper aims to transform the
data in the Stanford's STRIDE
database to a semantic version t(

selecting patient

Mining Electronic cohort by

9 Health Records 2015 . : ) Medical .
: ) illustrate basic cohort selection, phenotyping and
using Linked &ta . - i
phenotypic profiling, and idetifying genes
identification of disease genes.
C.2 Domain Information
No. Health domain Health subdomain(systems) Health Issue users
genomewide association . . i
1 clinical (diagnosis)| studies (GWAS), electronic -Il:iypiti Drggitris agr?etics ggﬁ?eer?'c medical
health records (EHRS) ypothy 9
- . .| genomewide association . . . academic medical
2 clinical (diagnosis) studies (GWAS) Diabetes Mellitus, genetics centers
3 clinical (diagnosis)| decision support system general and oral health healthgare
practitioners
4 clinical (diagnosis) electronic health cancer doctors, decision
9 records(EHRs), decision syste makers
genomewide association academic medical
5 clinical (diagnosis)| studies (GWAS), electronic type 2 diabetes, genetics
centers
health records (EHRS)
harmacolo electronic health records
P vy (EHRs), genetics, potential cardiovascular and biomedical
6 (drugs ) :
) . drug-drug interactions(PDDIs), | gastroenterology drugs researchers
interactions) o
decision support system
pharmacology electronic health records biomedical
7 (drugs (EHRSs), genetics, PDDI, decisi{ anti-coagulant drugs
) . researchers
interactions) support system
8 clinical (research) | health history materpal and infant historians,
mortality rates researchers
- electronic healthrecords .
9 clinical (research) (EHRSs) genetics researchers

C.3 Aims/ Goals

. . . support ehealth

No. | support research support diagnosis support learning systems

1 1 (mapping phenotypegenotype associations)| 1 (identify subjects with 1 (support linked | 1(secondary use of
diesese) data) EHRS)

2 1 (mapping phenotypeagenotype associations)| 1 (identify subjects with 1 (support linked | 1 (secondary use of
diesese) data) EHRS)

3 1 (finding associations between oral health af 0 1 (support linked | O

general health) data)
1 (mapping phenotypes) 1 (identify subjects with 1 (support linked | 1 (secondary use of

4 .
diesese) data) EHRSs)

5 1 (mapping phenotypegenotype associations)| 1 (identify subjects with 1 (support linked | 1 (secondary use of
diesese) data) EHRSs)

6 1 (finding potential drug drug interactions) 1 (finding a proper 0 1 (secondary use of
treatment) EHRSs)

7 1 (finding potential drug drug interactions) 1 (finding a proper 0 1 (secondary use of
treatment) EHRSs)

8 1 (create longitudinal health data) 0 0 0

9 1 (cohort selection, phenotypic profiling) 1 (identification of disease | 1 (supportlinked | 1 (secondary use of
genes) data) EHRSs)
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C.4 Methods/ Tools

Appendix C

data data representation re-using . querying data description data

. . " reasoning . . . -

integration (modelling) resources (exploring) (annotation) visualization

1 1 1 1 1 0 0

1 1 1 1 1 0 0

1 1 1 1 1 0 0

1 1 1 1 1 0 0

1 1 1 1 1 0 0

1 1 1 1 1 0 0

1 1 1 1 1 0 0

1 1 1 0 1 1 0

1 1 1 1 1 1 0

C.5 Data Resources

No. gg.ta data type data sources sgmple data transfprmation Q)CSZ;S

(form) size format technique
sources sources
1) an integated
resource for
various patient's | 1)the Mayo Clinic Life Sciences
data, 2)a System (MCLSS ), which contains
large cohort of patient demographics, diagnoses,
Mayo Clinic hospital, laboratory, flowsheet, 1)
patients with clinical notes, and pathology data relational
clinical data obtained from multiple clinical and database,
(linked via their | hospital source systems within May CSV, Excel,

! 3 EHRs) and Clinic2)Mayo Genome Consortia 6307 TAB RZRML, spyder| 0,1
genotype data (MayoGC) 3)Translational Medicir] 2)relational
3)biomedial Ontology (TMO), Sequence Ontolog database
terminologies (SO) 4) the Ontology for 3) RDF
and ontologies Biomedical Investigations, Prostate
4)extending the | Cancer OntologyNCI Thesaurus,
biomedical SNOMED CT
terminologies
and ontologies

1) the Mayo Clinic LifSciences
1) an integated System (MCLSS),. . 2)mainly
resource for Translgﬂonal Medlcmg Ontology
. . .| (TMO)is used along with many of th CSV, TAB,
various patient's | . :

2 2 data Linked Open Drug Dqta 0 Mlcrospft Virtuoso 01
2)biomedical (LQDD)(DrugBanK, L|nkedCT, Excel files, '
terminologies DailyMed, DBPedia, Diseasome, R[] RDF
and ontologies TCM, RxNorm, SIDER, STITCH,

ChEMBL, WHO Global Health
ObservatoryMedicare)
1) collected
scientific l)various 2)a general practitioner
literature, 2) and two dental surgeons

3 3 experts views, 3)Systematised Nomenclature of 0 OWL, ? 0 0.1
3)terminology Medicine (SNOMDCT)
and thesauri
1) medical
encyclopedias,
clinical
g;‘:’i?:::]iﬁ(s)logical 1) openEHR Clinical Knowledge
resources,  3) Manager 2)SNOMED CT 3)

Archetype’ gla‘tSEl?t\r]/,AlTION.lab_éesltgHR
i istopathology, open

4 6 repositories - 4) EVALUATIQbblorectal_screening.v] 0 % XML ? ?
Source EHR 47 s5)
schemas and Thé colorectallomain ontology 6)
data 5) ”

Repositories of | ~
ontologies 6)
Phenotyping
archetype
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1) The Mayo Clinic Life Scoers
System (MCLSS) (Medical Revenue
Information Systems (MRIS),
HealthQuest, Master Patient

1) patients Identification Information
records (EHRs) | (MPIl)/Registration, Mayo Integrateq
2)terminology Clinical Systems (MICS), Clinical RDF.CSV
3)mapping Notes, Pathology Reports) 2) TAB ’or | Virtuoso
ontologies (from| SNOMED CT , NCI theasuru®) millions Excel files Universal 0,1
DB to RDF) Translational Medicine Ontology XML ' | Server
4)externeal (TMO), the Ontology for Biomedical
biomedical Investigations, Prostate Cancer
datasets (LODD)| Ontology 4)LODD (e.g. DrugBanK
LinkedCT, DailyMed, DBPedia,
Diseasome, RBFCM, RxNorm,
SIDER, STITCH, ChEMBL, WHO G
Health Observatory, Medicar)
are
1) patient Z\s/a;;g?:le Virtuoso
clinical and but not ' Universal
demographic 1) The Mayo Clinic Life Sciences 6758 oriqannal Server 01
data (EHRs) 2)a System (MCLSS) 2) DrugBank patients RDgF y foMCLSS, ’
public drug data . Bio2RDF for
. (relational
repository. database DrugBank
text..)
1) patient are
clinical and available
demographic 1) The Mayo Clinic Life Sciences as RDF , VII’FUOSO
data (EHRs) 2) . x sz oA . . Universal
. - {eaasSy odal/[{{0 but not
patient clinical . ) 6758 . Server
! . Electronic Medical Record and - origannaly 0,1
information and ) patients foMCLSS,
enomics 3)a Genomics (eMERGE) 3) RDF Bio2RDF for
geno DrugBank 4) SNOMED CT (relational
public drugdata database DrugBank
repository 4) ’
) text..)
terminology
1) birth, death
and marriage
records (BDM)
2)LOD
3)parish records
for certain
Iieou;cmzztas‘le)ts 1) the General Registerfiaé
gacy (GRO) records in Dublin (186813)
from other 2) 2 (model)  3) the Irish Genealo
funded research . . o 9 0 ?, RDF manually 1
. platform 4) the Online Historical
projects 5) ) A
Population Reports 5) the National
census data Archives of Ireland  6) Logainm
(1901-1911) 9
6) information
on Irish place
names and
street level
information for
Dublin.
1) clinical 1) central repository for EHR data
records (EHRs) | from the Lucile Packard Children's
2)biomedcal Hospital and Stanford Hospital and MySQL
Linked Datasets | Clinics (STRIDE) 2)Online 0 RI)Z/)F ’ Virtuoso 7.1.0 | 0,1
3)standard Mendelian Inheritance in Man
health care (OMIM), SIDER3) SNOMERT,
dictionaries ICD9, RXNORM, LOINC
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No. ontologies | metadata | URI RDFS RDF OWL-S OWL SWRL SPARQL

1 1 0 0 1 1 0 1 0 1

2 1 0 1 1 1 0 1 0 1

3 1 0 0 0 1 0 1 1 1

4 1 0 0 0 0 0 1 0 1

5 1 0 0 1 1 0 1 0 1

6 1 0 1 1 1 0 1 0 1

7 1 0 1 1 1 0 1 0 1

8 1 1 1 1 1 0 0 0 1

9 1 1 1 0 1 0 1 0 1

C.7 Weaknesses
No. | query scalability of reasoning lack of data coverage
performance engines
1 1 0 1 (TMO didn't cover all the needed medical termenologies, so they
to extend it)

2 1 0 1

3 0 0 0

4 0 1 0

5 0 0 0

6 0 0 0

7 0 0 0

8 0 0 0

9 1 0 0

C.8 Strengths

adequate Sample size . formal

(more accessible flexible . specification for acc elgr_ate incorporation between

data) (utilising data rep resentation domain accuracy spleptlflc public and private datasets

(simple data model) findings

on the web) knowledge

1 1 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 1 1 0 0 0

0 0 0 1 1 1

0 1 0 1 1 1

0 0 0 0 1 1

1 0 0 0 0 0
1 (incorporation between
clinical (EHRs) and

! ! L 0 ! biomedi(cal dat)a (published
ontologies in LOD))
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no. reference aim topic detailed topic
1 Abas, 2011 #10043 | medical diagnosis clinical decision support system (CDSS) / acute postoperative pa
management
2 Addy, 2015 #9021 | public awareness food and exercise recommendation
3 Ahire, 2015 #10419 | public awareness patient education (Breast Cancer)
Ahmed Benyahia, . . . oo . )
4 2013 #10354 medical diagnosis telemonitoring / decision support system./ auscultation sounds
Ahmed Benyabhia, . . . L . .
5 2013 #10638 medical diagnosis telemonitoring / decision support system./ auscultation sounds
6 Ajigboye, 2016 medical monitorin wearabk sensors / transducers electronic data sheets / Health
#10067 9 Information Systems (HISjnonitoring
Al Manir, 2018 . . . . . . . .
7 #9162 public epidemiology | surveillance of malaria analytiegpidemiology
Al-Abad, 2009 . -
8 #10423 public awareness food, nutritionand health
Albukhitan, 2013 . .
9 #10406 public awareness food, nutrition and health
10 Alexandrou, 2008 clinical care plans clinical pathways
#10297 P pathway
11 Alexandrou, 2012 clinical care plans clinical pathways
#8970 P pathway
12 :Il-gszn;adam, 2014 medical diagnosis 6 diagnosing coronary artery diseases
13 Ali, 2009 #10028 medical examination 8 ambient intelligent medical devices / Pheochromocytoma and/d
Neuroblastoma tumors
14 Ali, 2018 #8886 public awareness recommendation systems
Al-Nazer, 2012 . "
15 #10555 public awareness food, nutrition and health
Al-Nazer, 2013 . "
16 #10405 public awareness food, nutrition and health
Al-Nazer, 2014 . . . . .
17 #10404 public awareness patient education (Vaccine Information)
Al-Nazer, 2015 . -
18 #10063 public awareness food, nutrition and health
Al-Nazer, 2016 . -
19 #10397 public awareness food, nutrition and health
Alobaidi, 2018 . . . diagnosis and treatmentKnowledge extraction for clinical
20 medical diagnosis )
#9040 documentation
Alsomali, 2016 adverse
21 #9160 pharm events Adverse drug events (ADES)
22 :lsou‘:rsné 2017 medical diagnosis Clinical Decision Support Systems (CDS)
23 Amith, 2015 #9120 | public assistive physical training for elderly
24 Amith, 2016 #10193| public awareness Vaccines / human papillomavirus (HPV) vaccine / Improving pati
knowledge
25 Qfgg;zs'k’ 2011 clinical learning 10controlling the correctness of medical procedures
26 g%m 2011 medical diagnosis to capture the completelinical history of a patient EPR
27 :]r-c(i)(;sstfnl, 2012 medical treatment 11 medical informatics / Bariatric Surgery / obesityeatment
Arguello Casteleiro, - I . -
28 2009 #9221 clinical guidelines medical guidelinesEHRs
Arguello, 2008 L - . -
29 #10084 clinical guidelines medical guidelinesEHRs
Arguello, 2009 - I . -
30 #10012 clinical guidelines medical guidelinesEHRs
Arguello, 2009 . - . -
31 #10133 clinical guidelines medical guidelinesEHRs
32 Qi%gzlzllo 2011 medical diagnosis 12 psychiatry / content based analysidiagnosis

D
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Arikuma, 2007 adverse . .
33 #10464 pharm events Drugs interaction (DDIs)
34 Assele Kama, 2012 medical diaanosis 13to share and query clinical heterogeneous dathagnosis
#10642 9 detecting bacteria
Bgenaru, 2015 - . - .
35 #8919 clinical learning training - education
36 #Bf(l)%?;m" 2017 public assistive independent living support for elderly/disabled
37 Bamidis, 2013 medical monitoring Exergames as health monitoring tools
#10014
Bamparopoulos, . . .
38 2016 #9118 public assistive Travelling plan for elderly
Batouche, 2012 . - .
39 #10549 public assistive Independent lifestyle for elderly
40 Becnel, 2017 #9197| clinical EHR
41 Eleggg?oune, 2016 medical diagnosis 16 Clinicaldecision support systems (CDSSs) / assist clinicians
Benton, 2008 . social . .
42 #10539 public behaviour Health counselling for health behaviour change
43 Eleggig'a’ 2012 medical monitoring 17 telemonitoring and alerts detection / chronic disease
Berges, 2010 I . . to interpret on the fly data about medical observatiomsesent in
44 #10596 medical diagnosis EHRs
45 Besana, 2009 #9193 clinical guidelines medical guidelines
46 Bhat, 2007 #10420 | pharm d_rug Drugs discovery
discovery
47 Bhat, 20169011 medical diagnosis 19prediction of Flu / Data Extractiordiagnosis
48 Erggfcl:harjee, 2015 medical treatment Vaccines / To track vaccines using barcodes packaging
49 Bibault, 2018 #9272 medical examination | 21radiation oncology medical tools
Bickmore, 2011 . e . .
50 #0092 public assistive Seniors health selfacking
- . social - . -
51 Billis, 2015 #10521 | public . Suicide sentiment prediction
behaviour
52 Birjali, 2017 #10389| public awareness Reviewing Food ontologies
53 Bonte, 2016410189 | clinical workflow workflow
54 5%%23 2017 medical causes 22 Organisms medical studies biological data
55 Boulos, 2015 #8942| public epidemiology | Epidemiology
Bouslimi, 2017 . —_ L . . . .
56 #9310 medical examination 23 medical image / aadiological collaborative social network
57 Boyce, 2010 #10348 pharm :\(j\elige Drugs interaction/ adverse events
Bratsas, 2010 - . .
58 #10347 clinical learning Health education and health care
59 Briand, 2018 #9227 | public epidemiology | malaria- epidemiology
60 ggétgzwonte, 2017 medical monitoring 25wearable sensor data / diabetes monitoring
Calderone, 2017 . 26 disease similaritiesliterature - research- study biological
61 medical causes
#10160 phenomenon
62 Calvillo, 2013 #9033 public awareness Safety in food consumption
Calvillo, 2014 - health alarms / unawareness and fatigue of health professionals
63 clinical workflow
#10346 workflow
CalvilleArbizu, 2014 . - L -
64 #10345 medical treatment clinical decision iprescribing
Cappellari, 2017 . . .
65 #10583 medical treatment 28discovering novel treatments
66 gf(;gl(l)lg 2015 medical diagnosis the coding of health conditions in the patient summary
67 Carro, 2003 #10617| medical examination | medical images
68 ggzs;ezlelro, 2008 clinical guidelines 30diabetic retinopathy- guidelines
Casteleiro, 2017 - I . . . -
69 #10182 clinical guidelines 31ldiabetic retinopathy- guidelines
70 gfg;i;em’ 2008 medical diagnosis 33Clinical Decision Support Systef@®SSs) / oncology
71 Ceccarelli, 2009 medical diagnosis 32Clinical Decision Support Systems (CDSSs) / oncology

#10565
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72 Celebi, 2013 #10228 medical diagnosis 34 SNRdisease / genetic vgrlatloq / cause human diseases /
genotype and phenotypediagnoss
. adverse . .
73 Celebi, 2017 #10169 pharm Drugs interaction (DDIs)
events
4S8t A1 9NI } o
74 #9174 public awareness Awareness of diabetic foot
75 Celik, 2014 #10477 | public awareness Safety in food consumption
76 Celik, 2014 #10478 | medical monitoring 35 paediatric consultation and monitoring
Cerizza, 2006 . . .
77 #10287 medical treatment patients summariestreatment
78 gg;;;ers, 2006 medical diagnosis 36schizophrenic patients / treatment / diagnostic
79 g{‘ggga& 2013 public awareness Awareness of antilypertension drugs
80 Chapman, 2010 ublic epidemiolo Standardized surveillance syndromes / Respiratory, gastrointesti
#9201 P P 9 | constitutional, and influenzike illness (ILI)
81 Chen, 2006 #10472 | clinical guidelines 38radiation protection guidelines
82 Chen, 2012 #8933 | medical treatment treatment
83 Chen, D12 #8961 public awareness Road traffic injuries / road safety
84 Chen, 2016 #9172 | clinical learning Diabetes health education
85 Chondrogiannis, clinical EHR automated patient selection for clinical trials / clinical research wi
2012 #10120 healthcare /
Chondrogiannis, - - . . . .
86 2017 #9072 clinical EHR clinical researchselecting patients for clinical trials
Chondrogiannis, - . . L )
87 2018 #10476 clinical EHR automated patient selection for clinical trials
Ciccarese, 2008 . 42 neurodegenerative disorders / Developing cures / Alzheimer's
88 medical treatment
#9101 treatment
Cipiére, 2014 . . . large-scale epidemiology analysis / epidemiological studies /
89 #10415 public epidemiology Medical data integration
Colacino, 2017 - N . ) .
920 #10103 clinical guidelines Policy making for public health
Corrigan, 2012 . . . . . .
91 #10243 medical diagnosis 44 diagnostic decision support tools
92 Couch, 2011 #10489 public epidemiology | the infestation of Aedes aegypti (dengue vector) / epidemiology
93 Courtot, 2013 medical diaanosis 45public health / adverse events following immunization /
#10235 9 Diagnostic criteria and clinical guidelines
94 Curei, 2013 #10227| pharm :Sgi{:e pharmacovigilance / texinining clinical notes from EHRs
95 Dang, 208 #9103 clinical workflow workflow
96 Dang, 2009 #10321 | clinical workflow workflow
Daniulaityte, 2015 drug
97 #8816 pharm discovery Drugs uses/ drug abuse research
98 Dao, 2013 #9087 clinical learning learning- Musculoskeletal System
99 Das, 2006 #8830 clinical care plans participation of the patient in the treatment plan
Dasmahapatra, . . . . . . ) . .
100 2006 #9024 medical diagnosis 47 breast cancer screening / the diagnostics of imaging modalitie
101 5]?0':1615”7%’ 2017 medical causes 48 orthology / evolutionary geneticsresearch
102 De Maio, 2011 medical diaanosis 49 automatic disease diagnosis / medical decision making /
#10334 9 dermatological diseases
103 Efol\:ilfgdonga, 2014 public epidemiology | the infestation of Aedes aegypti (dengue vector) / epidemiology
De Mendonga, 2015 . .
104 #9002 public awareness Health learning
105 ESBZTter’ 2012 medical diagnosis 50 medical decision making / patient information aggregation
Del Carmen Legaz . - N .
106 Garcia, 2012 #1064 public assistive Monitoring elderly conditions remotely
107 Dessi, 2017 #10170| medical diagnosis medical reports diagnosis
108 Deus, 2012 #10122 | pharm drug testing the repqrtlng of gxpenmental context aneésults of gene
expression studiesresearch
109 Deus, 2012 #9089 | pharm drug testing the repqrtlng of gxpenmental context and results of gene
expression studiesresearch
110 Efgzrr;tires, 2011 medical treatment 53rare diseases and orphan drugsreatment
111 Ejl-%réggléuntz, 2004 medical diagnosis 54 Virtual Staff / a cooperative diagnosis
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55 patient-centric health care services / direct staff effectively /

112 Dingli, 2008 #10267| medical monitoring : :
monitors the patients
113 Dingli,2014 #9016 | public assistive Elderly nutrition
114 Dong, 2015 #10400 | clinical care plans patient's circle of care
115 Doore, 2010 #10349 medical monitoring 56 personal exposure history / Health monitoring and disease
surveillance
116 Douali, 201210520 | medical diagnosis 58 Genomics / personalized medicine / clinical decision support
system (CDSS)
117 Douali, 2012 #10646 medical diagnosis 57 Clinical p|agn03|s / Clinical Decision Support Systems / Urinal
Tract Infection
118 Douali, 2013#10331 | pharm 23;2{:‘3 Adverse drug events (ADEs)
119 z’ggsege' 2012 medical diagnosis 59 medical decision support system
120 Dridi, 2018 #10508 | medical monitoring 60 Public personalized healthcare monitoring
121 Dridi, 2018 #10527 | medical monitoring 61 Public personalized healthcare monitoring
122 Duclos, 2007 #8828| pharm girsgovery antibacterial spectra / the antibiotic susceptibilitgiscovery
123 Dupplaw, 2009 medical examination | 63Medical Imaging
#8806
124 Eccher, 20138899 | medical diagnosis 64 cancer therapies / oncologic Electronic Patient Record / decisi
support system
125 Echeverria, 2015 clinical workflow 65 provisioning of health services / respiratory chronic disease
#10398 business process
126 Eholié, 2016 #10192 public social . breast cancer public opinions behaviours
behaviour
127 Elkader, 2018 #9007 medical diagnosis 67 chronic kidney disease diagnosis
128 Eggggpagh, 2018 medical diagnosis clinical decision support system&eneral Medical Science
ElSappagh, 2018 . . . 68diabetes mellitus treatment / clinical decision support system
129 #9109 medical diagnosis (CDSS)
EFSubaihi, 2013 . .
130 #10678 medical treatment 69 Child cancer treatment pgan
131 Eit(;?g;l 2017 medical monitoring 70 Tracking System / Acute Respiratory Tract Infection / monitori
132 Efgggfhargh, 2018 medical diagnosis 71answering questions in neuroinformatiesesearch
133 Espin, 2016 #8932 | public epidemiology | Epidemiology / review
134 ;i(l)kgin’ 2007 medical diagnosis evidencebased medicine (EBMpral medicine
135 ;g!tkégan, 2008 medical diagnosis evidencebased medicine (EBMpral medicine
136 Faro, 2010 #10606 | medical examination 72 Pybllc telemedicine system / healthy lifestyles and-salfe-
medical tools
137 Fenza, 2011 #10502 medical monitoring 73Pub Sensors / prophylactic and follayp monitoring of patients
138 FernandezBreis, medical diaanosis 74the identification of patient cohorts / colorectal cancer
2013 #9199 9 screening diagnosis
139 Fisher, 2016 #9115 | medical diagnosis 75 dermatologic diseasediagnosis
Florczyk, 2010 . - .
140 #8920 pharm drug testing anti-microbial use
141 Forbes, 2014/8883 | clinical workflow communication with minority patientsmedical consultation
142 Sf(l)gr;l\élena, 2016 medical diagnosis 76diagnosis / Autism Spectrum Disorders
Gangwar, 2012 - . .
143 #10046 clinical care plans medical health planning
Gemmeke, 2014 . S S
144 #10216 medical examination | medical images
145 fﬁ;gg? 2010 clinical guidelines guidelines and checklistsnedical malpractice
146 Gordon, 2013 #8818 public awareness hypersensitivity disorder allergy / decision support system /
awarness
Goynugur, 2018 - S S -
147 #10455 clinical guidelines guidelines and policies
Grosjean, 2012 . . .
148 #10245 clinical learning eductaion
149 Gudivada, 2008 medical causes 77 ldentifying dlseas_eause}l genes / genomic and phenomic
#9098 knowledge / genomic studies
Hadzic, 2004 ' .
150 #10327 medical causes 78human disease research study
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Hadzic, 2008 . . . . .
151 #10480 medical diagnosis 79mental health- diagnosis
152 zf(l)iirl 2015 medical examination 80 medical laboratory datamedical tools
153 Halim, 2018 #8960 | public awareness Nutrients / phytochemical
154 Hamiz, 2018 #9195 | public awareness Public health awareness / emergency response
155 :fgff { ani, 2010 public awareness Femalerelated diseases awarness
156 Harris, 2007 #8895 | public awareness Patient instructions
157 Hayuhardhika, 2013 medical diagnosis 83diagnosing Diabetes Mellitus
#10409
Heimonen, 2012 . .
158 #10250 public awareness food, nutrition and health
159 Helmy, 2015 #9062 | public epidemiology | infectious disease epidemiology
160 Helmy, 2016 #9012 | public awareness food, nutrition and health
161 Hogan, 2016 #9114 | public assistive Elderly WeHbeing monitoring
162 Horst, 2011 #10035| public epidemiology | environmental data in canceelated risk studies
I ffjSON6S] = )
163 #10338 public awareness Personal Health Recommender
164 Hu, 2012 #9182 clinical care plans clinicalpathways
165 Hu, 2016 #10560 clinical learning Health learning
166 Huang, 2014 #9177 | clinical care plans clinical pathways
167 Huang, 2016 #9060 | clinical care plans Nutrition of chronic disease patients
168 Huang, 2017 #1045§ medical diagnosis 8_4chror?|c obstructive pulmonary disease and lung cancer
diagnosis
169 Hulse, 2013 #8819 | public awareness Public pgrsonallzed education materials / mhiabetes and
metabolic syndromeawarness
Hurley, 2007 . -
170 #10495 clinical care plans clinical pathways
171 :fg;jg] 2012 clinical EHR clinical researchselecting patients for clinical trialdEHRs
Hussain, 2012 . . . . . . . .
172 #10479 medical diagnosis 86 urinary tract infections diagnosis
Iftikhar, 2011 . . . 87 Informatics Patient Registration Scenaridiscover diseases
173 medical diagnosis . .
#10038 diagnosis
174 Iram, 2011 #10466 | public epidemiology | predict the spread of disease / epidemiology
Iskandar, 2015 . s 89 Cardiac MRI in heart attack patients / Health Information Systq
175 medical examination .
#10059 - medical tools
176 Islam, 2012 #10552 | public awareness diabetes patients awarness
177 Islam, 2013 #10671| public awareness diabetes patients awarness
178 L& 6 OdzZ H | public awareness Health and exercise advising
179 Izumi, 2006 #10532 | public awareness Awareness of healthcare
180 Jabbar, 201#9336 | medical monitoring 92 monitoring devices / health status
181 Jain, 2016 #10533 | medical diagnosis 93 human family tree diagnosis
182 Jentzsch, 2009 clinical care plans tailored therapeutics / Enabling tailored therapeutics/ connect dry
#10261 P and clinical trials related data sources
183 Ji, 2013 #10052 public awareness Awareness of healthcare
184 Ji, 2014 #9031 public awareness Awareness of national health trends
185 Ji, 2017 #9151 clinical learning Diabetes education
186 Jiang, 201#8821 pharm Z%E{:e Adverse Drug Events (ADEs) / phenotypes related to ADEs
187 Jiang, 2016 #9066 | clinical EHR 94 clinical study / health care and clinical research
Jiménez, 2017 - . . - .
188 #10175 clinical learning 96 Medical Training education
189 Jin, 2007 #10496 medical examination | medical image
190 Jing, 2007 #10662 | medical causes 98biological and clinical information / Cystic Fibrosis exemplar
research
191 Jing, 2007 #9234 medical causes 97 biological and clinicahformation / Cystic Fibrosis exemplar
research
192 Jing, 2014 #9178 medical diagnosis decision molecular genetic knowledgeEHR
. 4 adverse Drugs interaction (DDIs) / pharmacokinetiased natural produet
193 Judkins, 2018 #9107 pharm events drug interactions (PKNPDIs)
194 Jupp, 2011 #9128 medical diagnosis 99kidney and urinary pathway / Chronic renal disease / diagnosi
195 Kaddari, 2016 #902§ clinical workflow workflow
196 Kamada, 2017 medical treatment 100 GenomicVariants- treatment
#10174
Kamel Boulos, 2006 . social . . .
197 #8894 public behaviour vaccine hesitancy for public health
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198 Kang, 2017 #9322 | public awareness Personal health advising
199 Karim, 2017 #10151| medical diagnosis 192 ScientificExperiments / Dielectric Measurements of Biologicd
Tissues research
200 :fézgi 2010 medical diagnosis diagnosis comprehensive picture of a patient's health status
Kergosien, 2017 . S . L
201 #10530 medical examination | 103 histopathological image /
202 :;]83?3?”" 2010 medical diagnosis 104 Human stress / mental healthdiagnossis treatment
203 Kim, 2007 #10276 | medical diagnosis 105 heartdisease detection / detection systendiagnosis
204 Kim, 2010 #10032 | public assistive Health and environment monitoring for elderly
205 Kim, 2014 #10221 | public awareness Overweight and obesity / exercise / marathon
206 Kim, 2015 #10498 | public assistie Elderly monitoring at home
Kishino, 2014 - . .
207 #10112 clinical learning Health education
Kohonen, 2013 . . .
208 #9245 pharm drug testing testing on animals
209 Kolias, 2015 #10595 medical diagnosis 106 carotidatherosclerosis / clinical diagnosis / Health Informatio
Systems (HIS)
210 :gggéantmldls, 2013 public awareness Promoting health for chronic conditions
211 :fg:lcg35|ou, 2011 clinical learning 107 medicalinterventions / healthcare practice and education
Koutkias, 2014 adverse .
212 #10225 pharm events drug safety research / pharmacovigilance
213 Kozak, 2013 #10233 medical treatment _Summarle_s of product characterlstllcs_ (SPCs) /for betdsigation
in summaries of product characteristics
214 Krishnamurthy, medical diagnosis 109 mentalhealth and behavioural disorders / identification /
2016 #10561 9 Addiction- diagnosis
Krummenacher, . . .
215 2007 #10494 medical treatment patients summariestreatment
Krummenacher, i . .
216 2009 #8893 medical treatment patients summariestreatment
217 ;rgi;;a’ 2017 medical diagnosis 110 human phenotypic abnormalitiesresearch
218 Kwon, 2014 #10281| medical monitoring 111 sleep management / sensomonitoring
Lasorsa, 2016 . . . . . L
219 #10065 public epidemiology | epidemiological indicators
Lavigne, 2013 . . . .
220 #10236 public awareness Safety in construction sites
221 Le, 2014 #8850 public assistive Selfcare ability
222 Lee, 2009 #8823 medical diagnosis diagnosis cancer
223 Lee, 2013 #9181 public awareness Personalized healthcare recommender
224 ;S?g;Garua, 2015 clinical EHR 114 secondary use of clinical data / colorectal canaasearch
225 ;Sgi\gGarua, 2016 clinical EHR 113 secondary use of clinical data / colorectal cana@search
226 Leroux, 2012 medical causes 115 [ongitudinal clinical trial data / neurodegenerative diseases /
#10247 1T KSAYSNRa RAaasSlkas
227 Li, 2014 #10500 public epidemiology | Epidemic management
228 Liaw, 2016 #9153 clinical workflow clinical researchworkflow
229 Lima, 2017 #10388 | medical diagnosis 116 General guidelines / decisiemaking
230 Lin, 2015 #9157 medical diagnosis diagnosis tools
231 Lin, 2017 #10457 medical diagnosis 117 Emotions- diagnosis
232 L6, 2017 #10167 medical treatment 118 AfricanTraditional Medicine / conventional medicine
treatment
233 Lopes, 2011 #10367| medical causes 119 human genome research
234 ;iggg(;arua, 2010 medical monitoring 120 home telemonitoring systems / chronic diseases
LossieVentura, . .
235 2017 40456 medical treatment 121 obesity and cancertreatment
LossieVentura, . .
236 2018 #8868 medical treatment 121 obesity and cancertreatment
237 Mabotuwana, 2008 medical treatment 123 hypgrtenswepaﬂents / nonadherence to prescribed
#10492 medication- treatment
MaghsoudLou, -
238 2017 #9171 clinical workflow workflow
drug .
239 Malas, 2017 #10159| pharm discovery Drug Repurposing
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Malhotra, 2015 drug TP . . A
240 #9275 pharm discovery scientificliterature / identify drug usage and comorbidities
Maragoudakis, 2008 ’ . . 125 skin lesion images / medical science research / decision
241 medical diagnosis
#10091 support systems
Marcos, 2013 adverse .
242 #10226 pharm events Adverse drug events (ADEsyatcine adverse events (VAES)
243 ;\t/lseggget, 2007 medical treatment 126 Grading glioma tumours / treatment and prognosis
Marshall, 2012 drug . .
244 #9212 pharm discovery drug uses discoveries
245 Mayer, 2006 #10664 public epidemiology | Publichealth surveillance
246 McCusker, 2012 ublic social enabling community health information / smoking prevalence anq
#10249 P behaviour tobacco policies
McCusker, 2013 . social . -
247 #10588 public behaviour population statistics for tobacco
McCusker, 2014 drug .
248 #10214 pharm discovery Drug Repurposing
McGuinness, 2012 . . . . . -
249 #10590 public epidemiology | Air quality monitoring
250 ?l;/lleodigsgos, 2015 medical monitoring 130 clinical autonomy assessment / monitoring / dementia
251 ?l;/lleodit)s: 0s, 2016 public awareness guestion answering system / eldedyawarness
Meilender, 2012 . . . .. - .
252 #10641 medical diagnosis 131 decision guidelines in oncology
Meneu, 2010 . N 133 PUBLIC sensor / personalized healtstegns / chronic disease
253 medical monitoring . o
#10614 lifestyle- monitoring
254 Meng, 2015 #10417| public epidemiology | Anticipating health hazards
. 134 patient treatment management / clinical decision support
Mezghani, 2016 . . . . S
255 #10610 medical diagnosis systems / personalized treatments / hyperglycemia in type 2
diabetes
256 Miori, 2012 #10470 | public awareness Public health awareness
Mirhaji, 2004 . . )
257 #10531 public awareness the thyroid gland anabesity / food recommender
258 Mirza, 2008 #10329| medical diagnosis 135 sensor / awareness / medical diagnostic imaging
259 Mohammadhassanz medical diaanosis 137 clinical decision support / answering medical queries / disea:
adeh, 2016 #10082 9 diagnostt queries
260 Mohammadhassanz medical diaanosis 136 clinical decision support / answering medical queries / disea:
adeh, 2017 #10173 9 diagnostic queries
Mohammadhassanz . . . - .
261 adeh, 2017 #8854 medical diagnosis clinical decision support
262 l\:lloonzcggeﬁ, 2013 medical causes 138 spatial health research / factors that influence the disease
263 leoon;ﬂo’ 2016 medical examination 139 radiology reports / medical imaging reports
Moraes, 2012 - . - .
264 #10553 clinical learning training professional knowledge
265 Murthy, 2011 ublic social Cancer / health groups / discussionsnderstanding public
#10468 P behaviour behaviour
266 ;/I;;ggraman, 2014 public awareness Health information recommender
Nachabe, 2018 . N oo . .
267 #10078 medical monitoring 142 Monitoring / diabetes patient
Nachawati, 2014 . o o
268 #10219 medical monitoring Health monitoring
269 Najeeb, 2016 #9059| clinical EHR Malaria patient records / LOD / EHBlinical research
270 Natsiavas, 2017 harm adverse harmacovigilance
#10181 P events P 9
271 Natsiavas, 2018 harm adverse harmacovigilance
#8936 P events P 9
272 Nelson, 2014 #8912| clinical workflow healthcare processesbusiness rules management (BRM)
Nguyen, 2011 . new hypotheses / research / the pathological processes underlyir|
273 #10256 medical causes diseases / Chagas disease
274 Nithya, 2016 #9286 | medical diagnosis 146 health record / (_1§ntal and general health / Health Informatiol
Systems (HIS) / decision support
275 Nyulas, 2012 medical treatment 147 traditional medicine treatment
#10241
Obermaisser, 2014 . . . ) . .
276 #10475 medical diagnosis 148 active diagnosis
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277 Osman, 2013 medical diagnosis 149 decision support / dementia care
#10515
Pagkalos, 2014 ’ N o
278 410343 medical monitoring Monitoring personal health
279 Efgzzlzazar’ 2015 medical examination | 150 GENERAL personalized medicingdical tools
280 zfgg"ly:n’ 2011 public epidemiology | infectious diseases reportingepidemiology
Papakonstantinou, - . . )
281 2011 #10125 clinical learning training - education
Pappachan, 2015 . . . . . . ) .
282 #10278 medical diagnosis 152 Public community healticare in underserved areasliagnosis
283 ParaiseMedina, medical treatment 153 breastcancer trials / genomic information / translational
2013 #10306 clinical trials
284 Passi, 2015 #9022 | medical diagnosis 154 decision support system / colorectal cancer / Guidelines
Passornpakorn, .
285 2016 #8974 public awareness Health selfcare
286 Patel,2007 #8826 clinical EHR 156 clinical trials / EHR
287 Pathak, 2012 medical diagnosis 159 genotypephenotype associations / Type 2 Diabetes / EHR /

#10351 hypotheses generationdiagnosis

157 genotypephenotypeassociations / Type 2 Diabetes and

288 Pathak, 2012 #8820| medical diagnosis Hypothyroidism / EHR hypotheses generationdiagnosis

158 genotypephenotype associations / Type 2 Diabetes / EHR /

289 Pathak, 2012 #9126| medical diagnosis T .
hypotheses generationdiagnosis

Pathak, 2013 adverse . .
290 #10439 pharm events Drugs interaction (DDIs)
Pathak, 2013 adverse . .
291 #10635 pharm events Drugs interaction (DDIs)
292 ;gg;?upa, 2016 medical diagnosis 160 GeneticTesting / predict the genetic conditiongliagnosis
293 #Pfgl:’,sgf 2017 public epidemiology | Tuberculosis / epidemiological surveillance
Piccinni, 2017 adverse -
294 #10622 pharm events pharmacovigilance / Adverse drug events (ADES)
295 Pierce, 202 #8907 | clinical EHR 162 clinical research / research data
296 Pifiero, 2015 #8911 | medical diagnosis 163 human diseases and genegiagnosis
297 Podgorelec, 2007 medical diagnosis 165 Medicaldiagnostic process / the mitral valve prolapse
#10493 syndrome
208 Podgorelec, 2009 medical diagnosis 164 Medical diagnostic process / the mitral valve prolapse
#8892 syndrome

166 medicalknowledge / military medicine / medical decision

299 Prior, 2009 #9243 medical diagnosis . .
making /new procedures and therapies

Puustjarvi, 2009

300 #10356 clinical workflow workflow

301 ;rg;ggm 2010 medical | diagnosis health decision

302 ;rg;tsjgrw 2010 clinical learning learning

303 ;rg;ggm 2010 medical monitoring Health monitoring

304 ;rgigim 2011 clinical learning learning

305 ;fggggm 2ot medical | diagnosis health decision

306 ;gg;tsjarvi, 2011 medical monitoring monitoring - telemedicine

307 ;rgﬂgm 2012 medical monitoring monitoring - chronic care

308 ;rg;ggm 2013 medical examination | telemedicine- medical devices
309 ;fg;ggm’ 2015 public awareness childhood obesity

310 ;rgg;jzr\/i’ 2016 public awareness Personal health information assistant
81l ;rg;ggm 2016 public awareness Health seHcare

312 ;rg;ggrvi, 2016 clinical guidelines guidelines and policies

313 | Quinn,2017 #8930 | public awareness | Personalized patient education
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314 Quinn, 2018 #8995 | public awareness Personalized patient education / diabetic patients
315 Rahimi, 2014 #9032 medical diagnosis 167 Type2 Diabetes Mellitus / EHR / diagnose
316 Sgi%gakse, 2008 public epidemiology | 168 dengue serotypes in scientific abstracts / research
317 Ef(ﬂis%h' 2015 clinical EHR 169 neurology/ secondary analysis / clinical research / epilepsy
318 gfgg)gc;z, 2011 public awareness Mental health/ information searchawarness
Ramzan, 2014 . . . 171 Clinical decision support systems / human expertise / mental
319 #10630 medical diagnosis health problems
320 Reda, 2018 #10100| medical diagnosis decision making personal fittness data from wearable devices
Rhayem, 2018 . . . 174 medicalconnected objects / detected vital signs / decision
321 medical diagnosis .
#10526 making
Riazanov, 2012 . . . . o .
322 #10123 public epidemiology | survelliance hospital infections
323 ggizza:lnov, 2013 public epidemiology | survelliance hospital infections
324 Riga, 2014 #10111 | public epidemiology | Air quality
325 RoblesBykbaev, clinical uidelines 175 therapy plans / children / communication disorders /
2016 #10071 g intervention guidelines
326 Rodrigues, 2016 medical diagnosis 177 urinalysis / renal condition / tutorig and decisiorsupport
#10509 systems
327 Rodrigues, 2018 medical diagnosis 176 urinalysis / renal condition / tutoring and decisisapport
#10507 systems
Rodriguez, 2009 . . . 178 diagnosid recommend the medications / diagnosis decision
328 medical diagnosis
#10536 support systems
329 RodriguezGonzalez, medical diagnosis 179 diagnosis / recommend the medications / diagnosis decision
2011 #10039 9 support systems
330 RodriguezGonzalez, medical diagnosis 180 diagnosis / recommend the medications / diagnosis decision
2011 #9014 9 support systems
331 RodriguezGonzalez, medical diagnosis 181 diagnosis / recommend the medications / diagnosis decision
2012 #8906 9 support systems
RodriguezMolina, . - - .
332 2013 #93@ medical monitoring monitoring physical parameters on a person
333 RoldanGarcia, 2016 clinical EHR clinical re;garch classifying diseases to determine the case fatalif
#9112 and morbidity rates
334 Rubin, 2008 #10095| medical examination 182 Medical imaging
335 #Ff;étggberg, 2007 medical causes 183 translational research / neuroscience researchers
336 Sabra, 2018 #10077| medical diagnosis 184 cI|n|ca|_n§1rrat|ves | personalized diagnosis and treatment pl_a
clinical decision support system / EHR / venous thromboembolis|
337 Seetre, 2016 #10069 clinical EHR 185 acute patient histories / cohort identification / discover new
hypotheses research
338 Sahoo, 2014 #10443| medical causes 18§ clinical research / patient care / electrophysiological signals
epilepsy
339 ifgéasga’ 2014 medical diagnosis 188 diagnosis / vascular system /clinical decisinaking
340 Sasaki, 2013 #1043{ public assistive Safety of walking routes
Schober, 2014 . I . . I . .
341 #10220 pharm drug testing Antibiotics resistance / enabelling antibiotics resistance surveilla
342 ij(_:gévzeétzer, 2015 clinical workflow diabetes routine consultation / EHR / clinical workflows
343 Sethuraman, 2017 medical diaanosis 190 Manag ?medical analysis / decide the most excellent
#10075 9 connected specialist for a patientliagnosis
344 ShabarNejad, 2012 public epidemiology | survelliance hospital infections
#10407
345 igf;)gmejad, 2016 public epidemiology | survelliance hospital infections
346 iggggﬁ\lejad, 2017 public epidemiology | Population health data / epidemiology
347 Shabo, 2005 #9058 | medical diagnosis diagnosis medical family history
348 Shah, 2011 #10431 | medical diagnosis ég#;lrlglcal Decision Support System / medical and oral health
349 Shah, 2013 #10051 | medical diagnosis ég;;lrzglcalDemsmn Support System / medical and oral health
350 Shah, 2013 #10566 | medical diagnosis égﬁq;lrlglcal Decision Support System / medical and oral health
351 Shah, 2015 #8880 | medical diagnosis 192 Clinical Decision Support System / meadiand oral health

domains
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Sherimon, 2013

198 Clinical Decision Support System / Diabetes, hypertension/

352 #9026 medical diagnosis clinical guidelines
353 Sherimon, 2016 medical diagnosis 197 CI|n|c_aID¢_eC|S|on Support System / Diabetes, hypertension/
#10523 clinical guidelines
354 Sherimon, 2016 medical diagnosis 196 CI|n|c_aI D_eC|5|on Support System / Diabetes, hypertension
#8842 clinical guidelines
355 :ggggm’ 2013 medical treatment 199 medical research, clinical research
356 Shields, 2018 #9257 clinical workflow front-line nurses processes
Shojanoori, 2013 . . . 201 PUBLIC personalized remote patient monitoring / Decision
357 medical diagnosis .
#9318 making / care home
Shojanoori, 2014 . . . 202 PUBLIC Care homes / Assistive-catt / decision making
358 medical diagnosis .
#10587 monitoring
359 z‘ggg‘ 2008 medical diagnosis 203 Lung Cancer Patients / medical tracking / diagnosing
Silachan, 2011 . . . . .
360 #10429 medical diagnosis diagnosis
Silalahi, 2015 . -
361 #10316 medical treatment medicinal plant
362 Sim, 2014 #9083 clinical EHR Clinical Research / clinical studies
363 Sinaci, 2013 #9085 | clinical EHR clinical researchsecondary use of EHRs
364 Singh, 2013 #10090| medical examination | medical images
365 Singh, 2013 #9337 | medical examination | 206 Image retrieval /EHR
366 :é\gzniam, 2016 public awareness Balanced diet for livestock / nutrition of livestock
{ft N@gSaOdzz . . ) L . .
367 #10344 medical diagnosis 207 assisting medical decisions
368 Sojic, 2016 #9117 public awareness Personalized health / obesity
369 igll%vslgeva, 2018 medical diagnosis 209 geneticdiseases / disorders of glycan metabolistdiagnosis
370 Sommaruga, 2011 public assistive independent living support for elderly
#10126
Sophia, 2018 . - .
371 #10143 public assistive Excergaming for elderly people
372 Sordo, 2013 #10632| medical diagnosis decision support
373 :ggggmm’ 2005 public awareness finding information- awarness
374 :ggz%poulos, 2010 medical monitoring 210 cardiorespiratory diseases / home monitoring
375 :gg'svzasan’ 2006 public epidemiology | Public health surveillance
376 ii%\gggoulos, 2015 medical monitoring 211 PUBLIC health monitoring / sensors / dementia care
377 :]t-%\ggzoulos, 2016 medical monitoring 212 PUBLIC health monitoring / sensors / dementia care
378 iirgzik;;l 2016 public epidemiology | Epidemiology / infectious disease control
379 Sun, 2015 #9079 clinical EHR clinical researchEHRs
380 ir&rggnto, 2011 public epidemiology | tropical diseases information / epidemiology
. . social . -
381 Surjan, 2006 #8901 | public . Public health indicators
behaviour
382 Sutar, 2018 #10563 | pharm adverse side effects of drugs
events
383 :JL_J(I)CGITA.E 2012 public epidemiology | Simulation modeling of population health / epidemiology
Szalontai, 2014 . 214 probiotic bacteria / counting methodresearch testing
384 #9249 pharm drug testing approach
285 Szwed, 2013 #1004{ clinical guidelines CLINICAL / medical guideline for asthma control assessment /
personal health
Tablado, 2004 . . -
386 #1378 public assistive Health Assisting elderly
387 lggg?seblan, 2016 medical diagnosis 215 INFO electronic discharge summary / decision making
288 Tamposis, 2015 medical diagnosis 216 INFO? Medical imaging workflow / prognosis ali@gnosis
#10558 procedures
389 Tao, 2011 #10364 | clinical EHR clinical researchsecondary use of EHRs
390 Tao, 2012 #10350 | clinical EHR clinical researchsecondary use of EHRs
391 Tao, 2012 #10434 | clinical EHR clinical researchsecondary use of EHRs
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392 Tao, 2013 #9200 clinical EHR clinical researchsecondary use of EHRs
393 Tao, 2014 #8855 pharm adverse vaccine adverse events
events

394 Tello, 2015 #10340 | medical examination | 217 INFO medical images

Thermolia, 2013

395 #10015 medical monitoring 219 patient monitoring system / bipolar disorder / TeleCare
396 ;282?8“3’ 2015 medical monitoring 220 patient monitoring system / bipolar disorder / TeleCare
397 ;28;';2“3’ 2015 medical monitoring 218 patient monitoring system / bipolar disorder / TeleCare
398 ;;lg;lggoho, 2012 public assistive Well-being of inhabitants / elderly independent living
399 Trpkovska, 2014 medical diagnosis 2_22 PUBLI_C pred_|ct|ve health / predicting children's gehera
#10440 diseases diagnosis
400 Trpkovska, 2014 medical diagnosis 223 PUBLI_C pred_|ct|ve health / predicting children's general
#10577 diseases diagnosis
401 Tsai, 2007 #10295 | clinical guidelines guidelines and policies
402 Ullah, 2017 #9316 | medical treatment medicine recommendationtreatment
403 Usher, 2013 #9017 | medical monitoring 224 chronic disease / sensamonitoring
404 | Vadivu, 2012 #9134| medical treatment medicinal plants treatment
405 ngA\zv;ensel, 2014 medical diagnosis 225 PUBLIC Behavioural User / Assistive / decision support
406 ;/fgl\évé)ensel, 2017 medical diagnosis 227 PUBLIC Behavioural User / Assistive / decision support
407 ;/fgl\évf?ensel, 2017 medical diagnosis 226 PUBLI®ehavioural User / Assistive / decision support
Vandervalk, 2013 adverse . )
408 #9165 pharm events Drugs interaction (DDIs)
Vassilev, 2013 . . e R
409 #10085 public assistive Assisting disability
VegaGorgojo, 2016 . . )
410 #10191 pharm drug testing pharmacogenomic testing
Velentzas, 2008 . - o
411 #10537 public assistive Monitoring elderly at home
Velmurugan, 2016 . . . . . , .
412 #10072 public awareness Allergy information / improving people's educatieawarness
413 Vergari, 2011 #9047, medical monitoring 229 Telemedicine / personalisation / monitoring
414 Visser, 2011 #8861 | pharm d_rug bioassays / hlgﬂlhroughput screening (HTS) / to identify small
discovery molecule chemical probes and drugs
415 Wang, 2009 #10544| medical examination 232 Chid Psychiatry Neuroimaging /
416 Wang, 2009 #10674| clinical workflow business process
417 Wang, 2010 #9063 | public awareness Healthy diet
418 Wang, 2012 #10548| clinical EHR 231 Clinical trial
419 Wang, 2013 #8844 | clinical care plans clinicalpathways
420 Wang, 2013 #9334 | medical causes 233 Cancer research

421 Wang, 2014 #9082 | clinical care plans clinical pathways

422 Wang, 2015 #9176 | clinical care plans clinical pathways

423 X\i%%'gga’ 2016 medical treatment 234 CardiadRehabilitation treatment
Webster, 2011 . 235 translational research / disease genes / riluzole and alcohol
424 medical causes

#9090 abuse

425 Weng, 2010 #10467| medical monitoring 236 Alert monitoring / Psychological health

Wheeler, 2017

426 #10180 clinical guidelines 237 Hypertension / clinical guidelines / behaviour change
Widmer, 2013 - . .

427 #10282 clinical care plans Patient guidance
Wiesner, 2011 . .

428 #10488 public awareness Personalized health recommender
Willighagen, 2009 drug .

429 #10263 pharm discovery drug discovery

430 X\f('gggn’ 2009 medical diagnosis 238 mentathealth / decision support system

431 Yao, 2009 #10017 | public awareness Health awareness

432 Ye,2008 #10519 clinical care plans clinical pathways

433 Ye, 2009 #8900 clinical care plans clinical pathways

434 Yilmaz, 2013 #9179| medical diagnosis decision support

435 Yu, 2013 #10229 medical diagnosis 240 identify patients with diabetes / EHR / clinical trials

241 monitoring / sensors / collecting data / repository / data

436 Yu, 2014 #10087 medical monitoring analytics / research
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437 Yu, 2018 #10459 medical monitoring Health monitoring
438 ii(TS%nl‘ 2014 public awareness Personal Health information recommender
439 Zaveri, 2011 #10432 medical treatment 242 ResearckDisease Disparity
440 Zhang, 2015 #9119}/ pharm :\%ﬁze vaccine adverse events

. . . 244 Clinical Decision Support System / patient assessments or
441 | Zhang, 2016 #8889 | medical diagnosis recommendations / type 2 diabetes mellitus

. . . 243 Clinical Decision Support System / patient assessments or
442 | Zhang, 2016 #9173 | medical diagnosis recommendations / type 2 diabetes mellitus
443 Zheng, 2010 #10655| medical examination | medical tools images- physiological signals electrocardiogram
444 Zhou, 2017 #8808 | medical diagnosis 245 fault diagnosis

. Structured Product Labelif®PL) /Profiling structured product
445 | Zhu, 2012 #9125 medical treatment labeling / exchanging / mapping
446 | Zhu, 2012 #9183 pharm drug testing Pharmacogenomics research
447 | Zhu, 2014 #10342 | medical monitoring 246 PUBLI@elehealth / hypertension / selfonitoring
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AppendixB 2y OSNIAyYy3 /{+ (G2 w5cC { Ol

Sub printAllTheRows()
Dim s As Long

Dim e As Long

Dim cnt As Integer
cnt=1

'e = 1048576

e = Rows.Count

Fors =1 To e Step 30000
CallprintSection(s, cnt)
cnt=cnt+1

Next

End Sub

Sub printSectiorgr As Long, fileCNT As Integer)
Dim FileNo As Integer
FileNo = FreeFile
Dim Filename As String
Filename = "CUser$ma8gl3Desktofiontologie§ SOUTHISOUH1_section" & fileCNT & ".rdf"
OpenFilename For Output As #FileNo
Dim msg As String
msg = "<?xml version=""1.0"" encoding=""LB'F?>" & vbCrLf
msg = msg & "<rdf:RDF" & vib€r
msg =msg &" xmins:pres=""
msg = msg & " xmins:rdf=""http://www.w3.0rg/1999/02/22if-syntaxns#"" " & vbCrLf
msg = msg & " xmins:owl=""http://www.w3.0rg/2002/07/owWl# & vbCrLf
msg = msg & " xmins:xsd=""http://www.w3.0rg/2001/XMLSchema#"" & vbCrLf
msg = msg & " xmins:rdfs=""http://www.w3.0rg/2000/01/rFdthema#""" & vbCrLf
msg = msg & " xmins:foaf=""http://xmins.com/foaf/0.1/™ >" & vbCrLf &ub& vbCrLf & vbCrLf &
vbCrLf
Print #FileNo, msg

Dim practiceCode As String
Dim prescriptionCode As String
Dim medicineCode As String
'1048575
Dimr As Long, Ir As Long
Ir = sr+ 300001
Forr=srTolr
If (r > Rows.Count) Then
Exit For
End If
'declaring a practice
practiceCode = Cells(r, 8)
msg = "<rdf:Description
rdf:about=""http://www.semanticweb.org/ma8g13/ontologies/2017/8/prescriptionOntology#practice_"
practiceCode & "">" & vbCrLf
msg=msg &"  <rdfitype
rdf:resource=""http://www.semanticweb.org/ma8g13/ontgies/2017/8/prescriptionOntology#Practice™
> " & vbCrLf

msg = msg & " </rdf:Description>" & vbCrLf & vbCrLf & vbCrLf
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'declaring a prescription

‘prescriptionCode =r

prescriptionCode = Cells(r, 17)

msg = msg & "<rdf:Description
rdf:about=""http://www.semanticweb.org/ma8g13/ontologies/2017/8/prescriptionOntology#prescriptio
south_" & prescriptionCode & "> " & vbCrLf

msg=msg &"  <rdfitype
rdf:resource=""http://www.semanticweb rg/ma8g13/ontologies/2017/8/prescriptionOntology#Prescript
n"'/>" & vbCrLf

msg = msg & " </rdf:Description>" & vbCrLf & vbCrLf & vbCrLf

‘declaring a medicine

medicineCode = Cells(r, 9)

msg = msg & "<rdDescription
rdf:about=""http://www.semanticweb.org/ma8g13/ontologies/2017/8/prescriptionOntology#BNF_presq
ation_" & medicineCode & ""'>" & vbCrLf

msg=msg &"  <rdf:itype
rdf:resource=""http://www.semanticweb.org/ma8g13/ontologies/2017/8gscriptionOntology#Medicine"
/>" & vbCrLf

msg = msg & " </rdf:Descriptic " & vbCrLf & vbCrLf & vbCrLf

'practice-> has-> prescription & the rest data properties

msg = msg & "<rdf:Description
rdf:about=""http://www.semanticweb.org/ma8g13/ontologies/2017/8/prescriptionOntology#prescriptiol
south_" & precriptionCode & "> " & vbCrLf

msg=msg &" <pres:has
rdf:resource=""http://www.semanticweb.org/ma8gl13/ontologies/2017/8/prescriptionOntology#BNF_p
ntation_" & medicin€ode & ""'/>" & vbCrLf & vbCrLf

msg=msg &" <pres:items>" & Cells(r, 11) & "</pressit€ & vbCrLf

msg =msg &" <pres:quantity>" & Cells(r, 12) & "</pres:quantity>" & vbCrLf
msg=msg &" <pres:ADQ_usage>" & Cells(r, 13) & "</pres:ADQ_usage>" & vbCrLf
msg =msg &" <pres:NIC>" & Cells(r, 14) & "s/Nt€>" & vbCrLf

msg =msg &" <pres:actualCost>" & Cells(r, 15) & "<gmteslCost>" & vbCrLf & vbCrLf
msg = msg & "</rdf:Descriptie- " & vbCrLf & vbCrLf & vbCrLf

'prescription-> has-> medicine

msg = msg & "<rdf:Description
rdf:about=""http://www.semanticweb.org/ma8g13/ontologies/2017/8/prescriptionOntology#practice_"
practiceCode & ""'>" & vbCrLf

msg=msg &"  <pres:has
rdf:resource=""http://www.semanticweb.org/ma8gl13/ontologies/2017/8/prescriptionOntology#prescrif
n_south_" & prescriptionCode & ""/>" & vbCrLf

msg = msg & " </rdf:Description> " & vbCrLf &xllf & vbCrLf & vbCrLf & vbCrLf
'print the triples for this row
Print #FileNo, nts
Next r
‘at the end of the file
msg = "</rdf:RDF>" & vbCrLf & vbCrLf
Print #FileNo, msg
Close #FileNo
End Sub
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Appendix FC 2 Odza D NP dzhJdzli ydadza & | vy R

F.1 Information Sheet

Participant Information Sheet

Study Title : An Investigation of the Semantic Web Feasibility in Health Data Integration

Researcher : Mona Almofarreh

ERGO number: ERGO/FEPS/49893

You are being invited to take part in the above research study. To help you decide whether you would like to
take part or not, it is important that you understand why the research is being done and what it will involve.
Please read the information below ca  refully and ask questions if anything is not clear or you would like more
information before you decide to take part in this research. You may like to discuss it with others but it is up

to you to decide whether or not to take part. If you are happy to pa rticipate you will be asked to sign a
consent form.

What is the research about?

This research is being carried out by Mona Almofarreh (a computer science PhD Student at the University of
Southampton). The research aims to investigate the feasibility of us ing the Semantic Web as a tool for
integrating health data. Linking heterogeneous datasets can be a challenging task due to the different

available forms and types of data. The Semantic Web provides standards and tools that can support
heterogeneous data | inking. This research will examine the possibility of using the Semantic Web as a tool for
linking prescription  -related data by using open data.

Why have | been asked to participate?

You are invited to participate in this study to help the researcher with suggestions of interesting research
questions for the provided data from a health expert perspective. These questions will be attempt to be
answered where possible using the Semantic Web approach.

What will happen to me if | take part?

If you decide to take part of this study, a convenient time meeting will be arranged with other health

researchers (3 -4) for about an hour. A brief introductory explanation of the prescription model wi Il be
demonstrated. After that, you will be provided with samples of some prescription -related datasets and will be
asked to brainstorm with the other participants some interesting research questions that can be asked across

these datasets.

Are there any benefits in my taking part?
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By taking part in this study, you will get to know more about the opportunities of using the Semantic Web in
linking health data.

Are there any risks involved?

No.

What data will be collected?

The following is a complete list of all the data that will be collected through the study:

1) Participant name, which will only be used for identification purposes by the researcher. It will be stored
on a password protected computer then deleted after finishing the research.

2) Participant e -mail, which will be used for requesting their participation. It will be stored on a password
protected computer until the end of the research then deleted after finishing the research.

3) The participantds experti se nmerstand the velevamnch to the stuby. lbwell u s
be stored on a password protected computer until the end of the research then deleted after finishing
the research.

4) The Institute where the participants belong to, which will be used to understand the relevance to the
study. It will be stored on a password protected computer until the end of the research then deleted
after finishing the research.

5) Consent forms, which will be stored as paper -based version in a locked filing cabinet with limited
access to the inve stigator only. At the end of the research, all consent forms will be destroyed.

6) Audio recording of the participant, which will be stored in the recorder. As soon as the recording is
transcribed it will be deleted.

7) Recorder transcript, which will be stored on a password protected computer until the end of the
research then deleted after finishing the research.

Will my participation be confidential?

Your participation and the information we collect about you during the course of the research will be kept
strictly confidential.

Only members of the research team and responsible members of the University of Southampton may be given
access to data about you for monitoring purposes and/or to carry out an audit of the study to ensure that the
research is complying with applicable regu lations. Individuals from regulatory authorities (people who check
that we are carrying out the study correctly) may require access to your data. All of these people have a duty

to keep your information, as a research participant, strictly confidential.

The information will be collected during this study will be stored on a password protected computer in a
secured lab. Any collected data during this study will only be used for the purpose of this study. All collected
data will be deleted at the end of this research. Individual responses will not be identified. All responses will
be compiled together and analysed as a group.

Do | have to take part?

No, it is entirely up to you to decide whether or not to take part. If you decide you want to take part, you wi Il
need to sign a consent form to show you have agreed to take part.
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What happens if | change my mind?

You have the right to change your mind and withdraw at any time without giving a reason and without your
participant rights  being affected. If you withdraw from the study, we will keep the information about you that
we have already obtained for the purposes of achieving the objectives of the study only.

What will happen to the results of the research?

Your personal details will remain strictly confi dential. Research findings made available in any reports or
publications will not include information that can directly identify you without your specific consent.

The results of the study will be used in constructing proper queries (research questions) t o be tested across
our model. Our intention is both to provide feedback to the participants and to examine our findings from

the perspective of those most closely involved in the process. The results of this study will be used for the

purpose of achieving an academic degree and also it might be used in any potential academic publications.
However, all collected data will be destroyed at the end of this research.

Where can | get more information?

For further information, please do not hesitate to contact us

Mona Almofarreh: ma8gl3@soton.ac.uk

Dr. Mark Weal: mjw@ecs.soton.ac.uk

What happens if there is a problem?

If you have a concern about any aspect of this study, you should speak to the researchers who will do their
best to answer your questions.

If you remain unhappy or have a complaint about any aspect of this study, please contact the University of
Southampton Research Integrity and Governance Manager (023 8059 5058, rgoinfo@soton.ac.uk ).

The research Team contact information:

Mona Almofarreh: ma8gl3@soton.ac.uk

Dr. Mark Weal: mjw@ecs.soton.ac.uk

Data Protection Privacy Notice

The University of Southampton conducts research to the highest standards of research integrity. As a

publicly -funded organisation, the University has to ensure that it is in the public interest when we use

personally -identifiable information about people w ho have agreed to take part in research. This means that
when you agree to take part in a research study, we will use information about you in the ways needed, and

for the purposes specified, to conduct and complete the research project. Under data protec tion law,
6Personal datad means any information that relates to 4
Universityds data protection policy governing the use ¢
website (https://www.southampton.ac.uk/legalservices/what -we-do/data -protection -and -foi.page ).
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This Participant Information Sheet tells you what data will be collected for this project and whether this
includes any personal data. Please ask the research team if you have any questions or are unclear what data is
being collected about you.

Our priva cy notice for research participants provides more information on how the University of Southampton
collects and uses your personal data when you take part in one of our research projects and can be found at
http://www.southampton.ac.uk/assets/sharepoint/intranet/Is/Public/Research%20and%20Integrity%20Privacy
%?20Notice/Privacy%20No _tice%20for%20Research%20Participants.pdf

Any personal data we collect in this study will be used only for the purposes of carrying out our research and

will be handled according to the Universityods pohlidaaises
used from which you can be identified directly, it will not be disclosed to anyone else without your consent

unless the University of Southampton is required by law to disclose it.

Data protection law requires us to have a valid legal reason ( 0l awf ul basisd) to proces
data. The lawful basis for processing personal information in this research study is for the performance of a

task carried out in the public interest. Personal data collected for research will not be used fo r any other
purpose.

For the purposes of data protection | aw, the University

which means that we are responsible for looking after your information and using it properly. The University
of Southampto n will keep identifiable information about you for 1 year after the study has finished after
which time any link between you and your information will be removed.

To safeguard your rights, we will use the minimum personal data necessary to achieve our res earch study
objectives. Your data protection rights 0 such as to access, change, or transfer such information - may be
limited, however, in order for the research output to be reliable and accurate. The University will not do

anything with your personal da  ta that you would not reasonably expect.

If you have any questions about how your personal data is used, or wish to exercise any of your rights, please
consult the Universityds data protection webpage ({we-t psg
do/data -protection -and-foi.page) where you can make a request using our online form. If you need further
assistance, please contact t he Undatagrotestion@sdion.aciat)a Pr ot e ¢

Thank you for taking the time to read this information sheet and for considering taking part in this
research
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CONSENT FORM
Study title : An Investigation of the Semantic Web Feasibility in Health Data Integration
Researcher name : Mona Almofarreh
ERGO number : ERGO/FEP$49893

Please initial the box(es) if you agree with the statement(s):

| have read and understood the information sheet (2019 -06-17 /v1 ) and have had the
opportunity to ask questions about the study.

| agree to take part in this research project and agree for my data to be used for the purpose
of this study.

| understand my participation is voluntary and | may withdraw at any time for any reason
without my participation rights being affected.

| understand that taking part in the study involves audio recording which will be transcribed
and then destroyed for the purposes set out in the participation information sheet.

| understand that if | withdraw from the study that it may not be possible to remove the data
once my personal information is no longer linked to the data.

| understand that | may be quoted directly in reports of the research but that | will not be
directly identified (e.g. that my name will not be used).

Name of participant (print name) ééééécéécécééécéeceécéecéecéé

Signature of participantéééééécéécééécéeééééecécéeceéeéeéctd

Dateéeéeéeceéééceceecécceceéeecéecéeceéecéeceeée. . eéeéecée.

Name of researcher (print name) éééééééééécéeééeééééceéécecyd

Signature of researcher eeeeeeeeceeeeeeeeeeeeeeeeeeeeeeceed

Dateéeéeéeéceééececeecéeccecéeéeéeéecéeceéececeéeecéece.
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F.3 The Prescriptions Demonstrator

The BNF ontology:

The British National Formulary (BNF) is a United Kingdom (UK) pharmaceutical reference book
that discusses correct dosage, indication, interactions and side effects of drugs. It is published
twice a year, however we are speaking here about the onlineaidi the BNF that mainly lists

the names and codes of all the taxonomical structure of each drug. Each row in the spreadsheet
represent a presentation of a drug (hame and unique code). This BNF code contains some
aggregated information about the drug spiing the chapter, section, paragraph, subparagraph,

chemical substance and product of this BNF presentation.

The Prescriptions ontology:

NHS Digital published monthly anonymised prescriptions dataset. The dataset contains all
prescriptions issued by a péician in England excluding the private sector. This data sets is very

large that could reach 18 million prescriptions monthly. The type of information available in the

dataset is about the prescriber (practice code), the medication (the BNF code) an@gkah LJG A 2 Y Q &

information such as quantity and cost.

260

































