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Abstract: Domains represent concepts which belong to specific parts of the world. The particularized meaning of words linguistically encod-

ing such domain concepts are provided by domain specific resources. The explicit meaning of such words are increasingly captured computa-

tionally using domain-specific ontologies, which, even for the same reference domain, are most often than not semantically incompatible. As
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information systems that rely on domain ontologies expand, there is a growing need to not only design domain ontologies and domain ontol-
ogy-grounded Knowledge Graphs (KGs) but also to align them to general standards and conventions for interoperability. This often presents
an insurmountable challenge to domain experts who have to additionally learn the construction of domain ontologies and KGs. Until now,
several research methodologies have been proposed by different research groups using different technical approaches and based on scenarios of
different domains of application. However, no methodology has been proposed which not only facilitates designing conceptually well-founded
ontologies, but is also, equally, grounded in the general pedagogical principles of knowledge organization and, thereby, flexible enough to teach,
and reproduce vis-a-vis domain experts. The purpose of this paper is to provide such a general, pedagogically flexible semantic knowledge
modelling methodology. We exemplify the methodology by examples and illustrations from a professional-level digital healthcare course, and

conclude with an evaluation grounded in technological parameters as well as user experience design principles.
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1.0 Introduction

A domain is encoded as a composition of concepts repre-
senting real world referents which belong to a part of the
world (Hjerland 2017). The particular meaning of terms
which stand for concepts applied to that domain are pro-
vided by domain-specific resources (e.g., dictionaries, lexi-
cal-semantic resources, etc.). For example, the word dressing
can have different meanings. A resource about the domain
of medicine (aka healthcare) would encode the meaning of
dressing as “a piece of material used to cover and protect a
wound”, a resource about the domain of gastronomy would
encode the meaning of dressing as “a sauce for salads, typi-
cally one consisting of oil and vinegar with berbs or other fla-
vourings”, whereas, in the nursing domain, dressing can
mean either wound dressing or “the activity of getting
dressed” (Adland and Lykke 2018). The explicit meaning of
words, such as the one exemplified above, needs to be con-
ceptually disentangled (Bagchi and Das 2022; Bagchi and
Das 2023) which, in mainstream knowledge organization
and representation, is often codified using a domain-spe-
cific ontology (Guarino, Oberle and Staab 2009).

Different ontologies in the same domain (e.g., healthcare)
arise due to differences in several dimensions crucial for se-
mantic knowledge modelling, for instance, differences in do-
main-languages (Ghosh, S. et al., 2020; Giunchiglia and
Bagchi 2022b; Staines, Hussey and Das 2022), intended us-
age of domain (Bagchi 2021a; Bagchi 2021b), and domain
perception (Giunchiglia, F. et al., 2014; Giunchiglia and
Bagchi 2022a; Giunchiglia, Bagchi and Diao 2023). Due to
the preceding differences, domain ontologies represent con-
cepts, often, in very specific and eclectic ways leading to their
mutual incompatibility. As knowledge-based information
systems that rely on domain ontologies expand, there is an in-
creasing need to merge domain ontologies into, often, more
general ontological representations. The combination of the
above dimensions result in increasing difficulties for domain
experts (e.g., different levels of healthcare professionals) to-
wards understanding and design facilitation of conceptually

well-founded ontologies (Guizzardi 2007; Biagetti 2021).
More precisely, the challenge is to develop a general knowl-
edge modelling methodology which not only facilitate de-
signing conceptually well-founded ontologies, but is also,
equally, grounded in the general pedagogical principles of
knowledge organization (Pattuelli 2010; Hudon 2014; Szos-
tak 2014) and, thereby, flexible enough to teach, appropriately
tweak and reproduce vis-a-vis domain experts (such as
healthcare professionals) in collaboration with knowledge
managers (Bagchi 2022).

The current paper is positioned exactly in the preceding
challenging context and discusses the highlights and experi-
ences of teaching a pedagogically flexible knowledge model-
ling methodology (Hussey et al., 2021; Das and Hussey
2022) and a digital healthcare course (Hussey and Das
2021) designed for healthcare professionals focused on un-
derstanding and developing semantic models such as ontol-
ogy-driven Knowledge Graphs (KGs) in collaboration with
knowledge engineers. The methodology and the course was
incubated at the Centre for elntegrated Care (CelC), a re-
search centre at Dublin City University, Ireland. To that
end, the paper also elucidates the step-by-step development
of the proposed pedagogically flexible general methodology
and the selection of academic resources and references to
support its instruction and implementation wvis-z-vis
healthcare professionals. It also provides appropriate illus-
trations, wherever required, to demonstrate how the meth-
odology can be taught in courses similar to the one above,
both for classroom as well as online teaching.

The rest of the paper is structured as follows: Section 2.0
provides a brief literature review on existing ontology devel-
opment methodologies and discusses the lack of pedagogi-
cal foundation, assessment and validation on such method-
ologies. Section 3.0 explains the proposed pedagogically
flexible knowledge modeling approach exemplifying its use
in teaching the construction of ontology-based Healthcare
Knowledge Graphs (HKGs). It emphasizes the implemen-
tation of HKGs with specific reference to its teaching and
education dimensions. The evaluation of the proposed
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methodology, and therefore, of the course has been de-
scribed in Section 4.0 and a concluding discussion is pro-
vided in Section S.0.

2.0 Literature Review

The scientific literature on ontology and KG development
methodologies is overloaded, with several researchers pro-
posing their own theories and theory-backed approaches
and processes. We briefly discuss some of them below.

IDEF5 Capture Method: IDEF5 project, one of the
first applied ontology modelling projects, provided a set of
guidelines to knowledge engineers, analysts, and researchers
to develop and manage ontologies efficiently (Peraketh et al.
1994).

Uschold And King's Methodology: This methodol-
ogy (Uschold and King 1995) has been proposed based on
the experience of developing the Enterprise Ontology. This
is the first technique of its kind to provide guidelines for de-
veloping ontologies, which are: 1) Identify the purpose and
intended uses for the proposed ontology. 2) Build the ontol-
ogy itself, which is again divided into three sub steps, which
are: i) identification of the key concepts and relationship in
the given domain and identification of their terminology;
ii) the coding phase deals with the explicit representation of
the knowledge acquired in the previous steps, and iii) the
integration process analyzes the question of how to reuse ex-
isting ontologies. 3) The overall third phase is evaluation,
i.e., to make a technical judgement of the ontologies. It can
be checked against requirements specification, competency
questions, or the real world (Gémez-Pérez et al. 1995), and,
4) Finally, the documentation for the whole ontology pro-
cess, with, possibly, a write-up of all guidelines followed and
justification in case of differences.

Gruninger And Fox's Methodology: Gruninger and
Fox (1994) proposed a methodology using first order logic
which is inspired from the development of knowledge-
based systems. This design has been suggested as TOVE
(TOronto Virtual Enterprise) project ontology within the
domain of business processes and activities modelling. The
steps in the methodology are: 1) Describing the motivating
scenarios. 2) Formulation of informal competency ques-
tions, to set the scope of the planned ontology. 3) Formula-
tion of formal competency questions, which specify the ter-
minology with definition and constraints. 4) Specification
of axioms and definition within a formal language, and 5)
Finally, specifying the conditions under which the solutions
to the questions are complete. In this procedure, the ontol-
ogy can be created by using questions and answers for pre-
defined motivating scenarios, which represents main con-
cepts, properties, relations and axioms on the ontology. The
methodology is very well structured and can be extended be-
yond its original scope.

METHONTOLOGY Methodology: This methodol-
ogy proposed a structured method to build ontologies from
scratch (Ferndndez-Lépez et al., 1997). Seven steps are fol-
lowed in the technique, which are: 1) specification phase, 2)
knowledge acquisition, 3) conceptualization, 4) integration,
5) implementation, 6) evaluation and 7) lastly, documenta-
tion.

SENSUS Methodology: The SENSUS-based method-
ology was proposed while developing the SENSUS ontol-
ogy at the ISI (Information Science Institute) Natural Lan-
guage Research Group to provide a broad conceptual struc-
ture for developing automated machine translators (Knight
et al., 1995 The five steps proposed by SENSUS to build a
particular domain ontology are: 1) First, to collect a series of
terms which are taken as seed. 2) These seed terms are then
linked manually to SENSUS, 3) All the collected concepts
in the path from the seed to the root of SENSUS should be
included, and, 4) Finally, to check those nodes which have a
large number of paths and add the entire subtree if needed.
This is a manual process, since it seems to require good un-
derstanding of the domain to make the right decision
(Swartout et al., 1996).

‘WordNet Methodology: WordNet is a lexical database
for the English language. It groups English words into sets
of synonyms called synsets, provides a short description of
all terms, and captures the various semantic relations be-
tween these synonym sets (Miller G. A. et al. 1990). The
purpose of WordNet is twofold: to produce a combination
of dictionary and thesaurus that is more usable, and to sup-
port automatic word sense disambiguation and natural lan-
guage processing tasks. The hypernym/hyponym relation-
ships among the noun synsets can be interpreted as special-
ization relations between conceptual categories. In other
words, WordNet can be interpreted and used as a lexical on-
tology in computer science applications. However, such on-
tology should be corrected before being used since it con-
tains hundreds of basic semantic inconsistencies such as (i)
the existence of common specializations for exclusive cate-
gories and (ii) redundancies in the specialization hierarchy.
Furthermore, transforming WordNet into a lexical ontol-
ogy usable for knowledge representation should normally
also involve (i) distinguishing the specialization relations
into subtypeOf and instanceOf relations, and (i) associating
intuitive unique identifiers to each category.

Ontology Development 101: This methodology was
proposed by the Stanford Center for Biomedical Informat-
ics Research (BMIR) to develop ontologies using the Pro-
tégé tool (Noy e al. 2001). The wine and food examples
were used in the methodology guide, which is loosely based
on an example knowledge base presented in the paper on a
description-logics approach by ( Brachman ez a/. 1991).
However, the technique also clarified that ontology devel-
opment is different from designing classes and relations in

-
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object-oriented programming. This guide tried to provide
developers with an initial roadmap that would help a new
ontology designer to develop ontologies. Finally, the au-
thors conclude that there is no single correct ontology-de-
sign plan, and this methodology should be used as a refer-
ence for domain ontology development.

Integrated Methodology: Integrated ontology devel-
opment methodology ( Chaware and Rao 2010) is quite
similar with the Gruninger and Fox approach (Gruninger,
1995), and, is divided into four steps: 1) Motivating user
scenarios or keyword. 2) Formulation of informal/formal
questions and answer modules, 3) extracting of terms and
constraints module, and, 4) Finally, build ontology based on
top-down approach. This methodology is validated only in
a shopping mall scenario.

YAMO: YAMO is methodology for large-scale ontology
development. The methodology is motivated by facet anal-
ysis (Ranganathan 1967) and an analytico-synthetic classi-
fication approach. The approach ensures the quality of the
system precisely because of its flexibility, hospitable, exten-
sible, dense, and complete. YAMO consists of two-way ap-
proaches: top-down and bottom-up. The YAMO paper
took food as an example domain and used it to illustrate the
methodology. A user interview was conducted with a group
of people to gather a practical overview, which provided

more insight into the theoretical understanding of the do-
main (Dutta et al., 2015).

The above knowledge modelling methodologies, while
serving their own specialized purpose of formulating difter-
ent genres of well-founded knowledge artifacts (e.g., formal
classifications, ontologies, KGs, etc.), do have crucial /imi-
tations if they are analyzed from the perspective of the gen-
eral pedagogical norms, principles and stress of knowledge
organization (see, amongst others, Hudon 2011; Joudrey
and McGinnis 2014; Salaba 2020) and, more general, of li-
brary and information science education (see, for instance,
Satija, Tiwari and Bagchi 2022). Therefore, some of the gen-
eral limitations (individually and cumulatively) which we
have qualitatively analyzed are as follows.

— Some of the above methodologies are very formal and fit
for very specialized, small-scale applications or contexts,
thereby, out-of-bounds of the requirements of a peda-
gogically flexible knowledge modelling methodology
which can be taught to domain experts.

- Some methodologies, like Methontology, while being bet-
ter structured, lack the design principles which a pedagog-
ically flexible knowledge modelling methodology should
embody, this, being crucial to either adopt or adapt it de-
pending on context (e.g., nursing within healthcare, hu-

Methodology Common Dimension Distinct Dimension Pedagogical Dimension

Our methodology middle-out approach, UX Evaluation + Online Teaching Material +
description logics Top-level alignment + Hybrid Classroom Experimentation +

Committed to OntoClean Quadruple Helix framework

IDEF5 Capture top-down approach No No (As Per Literature)

Uschold And King's top-down approach No No (As Per Literature)

Gruninger And Fox's top-down approach, No No (As Per Literature)
first-order logic

METHONTOLOGY life cycle No No (As Per Literature)

SENSUS No No (As Per Literature)

‘WordNet top-down approach, No No (As Per Literature)
lexical relationship

OD 101 top-down approach, No No (As Per Literature)

Integrated top-down approach, No No (As Per Literature)

YAMO middle-out approach, No No (As Per Literature)
description logics

Table 1: Comparison of Ontology Development Methodologies

Access - [ RS
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man resource management within healthcare, etc.) within
which domain experts are working in.

- None of the above methodologies provide clear guide-
lines as to how existing standards and conventions can be
reused and integrated into an easy-to-teach knowledge
modelling methodology (whether technological specifi-
cations or domain specific conventions).

— For almost all of the former methodologies, there is a
complete lack of clarification on how to use the method-
ology to teach students (e.g., domain experts like
healthcare professionals) the identification and extrac-
tion of concepts required for a knowledge model like an
ontology and their linguistic labels. Further, no details
exist on how to teach the clustering of synonymous
words and how to handle knowledge organization codi-
fication systems used in specific domain applications
(e.g., in healthcare).

- Existing methodologies are never grounded in the user
experience (UX) point of view (Hartson and Pyla 2012).
This means that they are never analyzed from the user
perspective i.e., whether a methodology is pedagogically
easy to understand, teach or tweak, etc. Further, a UX
analysis of any knowledge modelling methodology can
also reveal the extent to which its phases require interdis-
ciplinary pedagogical interdependence.

— As per our knowledge, existing methodologies don’t fac-
tor in the pedagogically crucial Quadruple Helix Model
(see Note 2) as proposed by Carayannis and Campbell
(2009).

Additionally, in the practice homepage (see https://www.
ceic.ie/sandpit-practice), we include examples of how
healthcare professionals can define key requirements for a
Use Case. In the example, we provide a completed Use Case
Template and Scenario Template based on the Antilope Re-
port revised in 2015 by Vincent van Pelt and Michiel
Sprenger from the Nictiz Organisation in the Netherlands. It
details the process steps to develop a Use Case Report. The
cited Antilope report provides a number of “tools” that can
be used in solving interoperability challenges. Notice that this
dimension, while being pedagogically flexible, has not been
considered by any of the aforementioned methodologies.

3.0 The Pedagogically Flexible KG Construction
Methodology

We now describe, step-by-step, our proposed pedagogically
flexible methodology for teaching how to organize domain
knowledge into concrete knowledge organization structures
such as an ontology-driven knowledge graph (KG). To that
end, we illustrate the steps of the methodology with a run-
ning example of designing an ontology-driven Healthcare

Knowledge Graph (HKG) by a study group of healthcare

professionals (anonymized here for privacy) who were regis-
tered with our digital healthcare course (Hussey and Das
2021). Notice that, besides elucidating and illustrating the
detailed steps of the methodology, we also provide high-
lights, wherever relevant, of why they are relevant from the
perspective of the principles of knowledge organization ed-
ucation.

3.1 Reference Scenarios

The first step of the proposed methodology is to teach the
bootstrapping of a possible reference scenario which can be
modelled for a chosen domain. For example, in the
healthcare domain, a possible reference modelling scenario
for the study group was:

Any entity working with healthcare related data, such as
a public healthcare data controller (e.g., NSS (NHS Na-
tional Services Scotland), Health Service Executive (HSC)),
needs to optimize their data preparation pipelines in terms
of time, effort, and competences invested into preparing
data for research experiments. To that end, a key issue to ad-
dress is data heterogeneity and the tedium associated with it
in the daily work of data analysts (e.g., repeated solving of
similar heterogeneity issues in order to maintain an accepta-
ble quality of service to clients) who, often, have to crucially
collaborate with diverse genres of domain experts (e.g.,
healthcare professionals specializing in different aspects of
healthcare). Besides, some other related issues are interoper-
ability with data from external sources and interfacing with
clients not familiar with local conventions and practices.

3.2 Generalized Queries

The second step of the methodology is to teach the mecha-
nism by which domain experts can generate well-formed
competence queries (Griininger and Fox 1995) for a chosen
reference scenario in a chosen domain. This is crucial to
pedagogically facilitate two key aspects. Firstly, by learning
to define a set of general competence queries which differ-
ent personas can have in a reference domain scenario, the
domain expert has a head-start in conceptually determining
the concepts and their interconnections which will ulti-
mately compose the ontology-driven knowledge graph
model. Secondly, the domain expert also has an excellent
chance to learn, hands-on, the technique to instantiate such
generalized competence queries into specific queries. We
provide an illustration below which the study group, by
learning and practicing our methodology, determined the
concepts which would be key to design their HKG, starting
with some generalized competence queries below.

- QI all patients (X) who are diagnosed with condition
(D) from country (Z)
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Q2 all hospitals (X) and healthcare (Y) clinics which have
(Z) clinical specialty.

Q3 all available drug products (X) for a disease (Y) with
their daily dose (Z).

- Q4all patients (X) who visited hospital (Y) from time t1
to time t2.

Q5 shows the geospatial distribution of patients (X) with
their prescribed quantity (Z).

3.2.1 Identify the Domain Concepts

In the above context, some of the concepts which can be
crucial for the healthcare professional towards learning to
design the HKG were:

Electronic Health Record (EHR): EHR refers to an indi-
vidual person’s medical record in digital format. It may be
made up of electronic medical records from many locations
and/or sources. The EHR is a longitudinal electronic record
of personal health information generated by one or more en-
counters in any care delivery setting. Included in this infor-
mation are a person's demographics, progress notes, prob-
lems, medications, vital signs, past medical history, immun-
izations, laboratory data and radiology reports (Reich et al.
2017).

Electronic Medical Record (EMR): An electronic medi-
cal record is a computerized medical record created in an or-
ganization that delivers care, such as a hospital or outpatient
setting. Electronic medical records tend to be a part of a lo-
cal stand-alone health information system that allows stor-
age, retrieval and manipulation of records. This document
will reference EHR moving forward even if specific data
sources might internally use EMR definition (Reich et al.
2017).

Person: The Person class contains records that uniquely
identify each patient in the source data who is time-at-risk
to have clinical observations recorded within the source sys-
tems (Reich et al., 2017).

Prescription: written instructions from a physician or
dentist to a druggist concerning the form and dosage of a drug
to be issued to a given patient (Miller, G. A. et al. 1990).

Visit: The visit class contains the spans of time a Person
continuously receives medical services from one or more
providers at a care site in a given setting within the
healthcare system. Visits can be classified into four catego-
ries: outpatient care, inpatient confinement, emergency
room, and long-term care. Persons may transition between
these settings over the course of an episode of care (for ex-
ample, treatment of a disease onset) (Reich et al. 2017).

Death: The death class contains the clinical event for
how and when a Person dies (Reich et al. 2017).

Specimen: The specimen class contains the records iden-
tifying biological samples from a person.

3.3.2 Query Collection

In principle, there are various ways to teach the collection of
competence queries. Domain experts collect such queries
alone OR with the collaboration of a data/knowledge scien-
tist. For example, query collection can be done by analyzing
the millions of user queries stored in the query logs of exist-
ing search portals or from interviewing people. As intended
clients, in our example, can be from national health services,
such as, NHS (National Health Service) Scotland, HSE
(Health Service Executive) Ireland and/or from pharmaceu-
tical companies, a discussion of the study group with them
was extremely helpful to list relevant queries. We illustrate
some examples below, inspired by from the same example,
as to how reference persona scenarios with their medical
conditions can be described. See Figure 1 and the dedicated
link https://www.ceic.ie/sandpit-citizen.

3.3 Informal Modelling Phase

This step of our proposed methodology concentrates on
teaching domain experts the techniques behind the design
of a conceptual model underlying the final output of the
ontology-driven knowledge graph model. Again, we exem-
plify the step by providing indicative examples from the
study group who registered with our digital healthcare
course.

3.3.1 Pilot Reference Datasets

The first sub-step in the informal modelling phase is to
choose well-formatted pilot reference datasets. For example,
the group in our course analyzed four datasets as part of
their preliminary study to understand how healthcare infor-
mation is modelled in those datasets. The datasets also pro-
vided information regarding material disadvantage in the
population in terms of lack of car ownership. They often
contained sensitive personal information of a patient such
as ethnic group, marital status related to a patient and pre-
scriber (all of which were taught, as required by the standard
conventions of the healthcare domain, to be suitably anon-
ymized). Demographic information available in the dataset
pertained to gender, address, date of birth and occupation
of patients. The methodology also taught the detailed un-
derstanding of coding systems used for codifying disease
names, such as, ICD-10, ICD-9, ICD-O-2 (Hong and Zeng
2022), as it natively teaches the reuse and adoption of exist-
ing technological standards and domain-specific conven-
tions.

-
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Citizen

health care actor

This ¢itizens section provides aCCess 1O Six case study scenarios, created for us as
background material inking to learning activities detaded in the Practice Section
of this resource. The case studies detald provides synthesised citizen information
only. The created material was identified through practice and research
conducted over a number of years. It is therefore not associated with any single
Indmidual person. Each of the synthesised cases presented provides a
background for creating an assessment record or a referral record to different

-,
de 3
g i
Mary Jo Farrell Patrick Meagher Una Dolan
A 68 year old lady who lives Pat is 73 years old and lives Una is a single 79 year old
alone in the community. She alone. Pat is suppported by lady who has had a stroke.
has osteoporosis and his neighbour who is formal Previous to this she lived
osteoarthritis carer. Pat has Stage 2 independently and had no
Emphysema and requires major health issues
home oxygen.
I View Mary Jo l I View Patrick I I View Una I
Figure I: Some Indicative Reference Persona Scenarios
3.3.2 ExER Model The country entity has the attributes such as ISO code, pop-

The next step of the methodology is to teach the domain
experts to build conceptual models such as Entity Relation-
ship (ER) models (Chen 1976) by mediating between the
identified concepts and the analysed pilot reference da-
tasets. The Extended Entity Relationship (ExER) model for
healthcare developed by our example study group is shown
in Figure 2. The patient entity has a community health in-
dex (CHI) number as an identifying attribute and age (at
time of visit). For the privacy reason, they were taught to
separate all personal information of a patient from a person
and connected with the role of relation. This enables the
user to access personal information of a patient if they have
the right permission. The person entity has all demographic
information, such as date of birth, ethnic group, and postal
address. With relation to country of birth, they were taught
to collocate all persons who were born in the same country.

ulation, currency name etc. The visit entity stores all infor-
mation about the patient visit to a health encounter site.
The hospital entity has an attribute address (a structure at-
tribute) which stores information about house number,
street name, street name, postcode, country, and city.

Notice that, from a pedagogical perspective, the above
step is very interactive and should be performed by domain
experts such as healthcare professionals in collaboration
with data and knowledge scientists.

3.4 Formal Modelling Phase

The last step of the methodology teaches the nuances of
translating the informal conceptual model (EXER model)
developed in the previous step into a completely formal on-
tological model (Guarino, Oberle and Staab 2009). Figure 3
shows the class hierarchy for the healthcare domain devel-
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Figure 3: Class Hierarchy of Healthcare

oped by the study group. On the right-hand side of the fig-
ure, it displays all subclasses of the event class. It includes
medical procedures which record all information related to
medical treatment or laboratory tests of a patient. pa-
tient Visit stores all visiting information of a patient and ep-

Zsode is used for collocating all independent but intercon-
nected events related to a patient visit who changes different
wards of the same hospital without discharge from the hos-
pital. The intermediate class hierarchy is modelled by the
domain concepts. All domain concepts are generated to cap-
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ture the healthcare domain. Some are reused from OMOP
standard (Reich et al., 2017) and some other classes are cre-
ated to accommodate a domain concept from SNOMED-
CT and International Classification of Nursing Practice
(ICNP).

We provide, as follows, a brief description of all domain
concepts reused by the study group from the OMOP data
model (Reich et al., 2017). This is key to understanding the
pedagogical effectiveness of our proposed step-by-step guid-
ing methodology.

Death: The death class contains the clinical event for
how and when a person dies. A person can have up to one
record if the source system contains evidence about the
death, such as: 1) condition code in the header or detailed
information of claims 2) status of enrollment into a health
plan 3) explicit record in EHR data.

Visit occurrence: The visit occurrence class contains
the duration of time a Person continuously receives medical
services from one or more providers at a Care Site (i.c., Hos-
pital) in a given setting within the health care system (e.g.,
NHS system). Visits are classified into four categories: out-
patient care, inpatient, emergency, and long-term care. Per-
sons may transition between these categories over the course
of'an episode of care (for example, treatment of a disease on-
set).

Device exposure: The device exposure class captures in-
formation about a person'’s exposure to a foreign physical
object (or device) or instrument that is used for diagnostic
or therapeutic purposes through a mechanism beyond
chemical action. Devices include implantable objects (e.g.
pacemakers, artificial joints), medical equipment and sup-
plies (e.g. bandages, crutches, syringes), other instruments
used in medical procedures (e.g. sutures, defibrillators) and
material used in clinical care (e.g. adhesives, body material,
dental material, surgical material).

Drug exposure: The drug exposure class captures rec-
ords about the utilization of a Drug when ingested or oth-
erwise introduced into the human body. A Drug is a bio-
chemical substance formulated in such a way that when ad-
ministered to a Person it will exert a certain physiological ef-
fect. Drugs include prescription and over-the-counter med-
icines, vaccines, and large-molecule biologic therapies. Ra-
diological devices ingested or applied locally do not count as
Drugs. Drug Exposure is inferred from clinical events asso-
ciated with orders, prescriptions written, pharmacy dispens-
ing, procedural administrations, and other patient-reported
information, for example: in the prescription section of an
EHR, the Medication section of an EHR or Drugs admin-
istered as part of a Procedure (or therapy), such as chemo-
therapy or vaccines.

Procedure occurrence: The procedure occurrence class
contains records of activities or processes ordered by, or car-
ried out by, a health-care provider on the patient to have a

diagnostic or therapeutic purpose. Procedures are presentin
various data sources in different forms with varying levels of
standardization. For example: 1) Medical Claims include
procedure codes that are submitted as part of a claim for
health services rendered, including procedures performed.
2) EHR that captures procedures as orders. The class rela-
tionship visualization developed by the study group has
been shown in Figure 4. It is showing the dependencies be-
tween 9 classes. In particular, the prescription has 1545 re-
lations in total which include 545 incoming relations and
1000 outgoing relations. This, additionally, testifies the
pedagogical validity and learning flexibility provided by the
steps of our proposed methodology.

We also briefly describe some highlights of the computer
science and knowledge engineering foundations and prac-
tices which are demonstratively taught, as technical accom-
paniments to the proposed general methodology, to
healthcare professionals as part of our digital healthcare
course. We explain, simultaneously to the theoretical under-
pinnings of our methodology, how to create, using ICT
tools and standards, an interconnected knowledge graph
model to visualize healthcare data from initial development
of data to connecting data with the open-source commu-
nity. The entire process includes seven main action steps, six
of which we outline in this guidance document. The activ-
ity between step 4 and step 5 cannot be effectively demon-
strated, and therefore is not discussed in detail as part of the
process in this guidance document. The remaining six steps
are briefly outlined with associated diagrams and sign-
posted. Notice that these action steps are completely aligned
and harmonized with the proposed methodological phases
that we teach.

Step 1: The first step in the process relates to teach, in col-
laboration with the data and knowledge scientists, the crea-
tion a demonstrator for Data Collection, the focus being
to design electronic forms, which are able to capture
healthcare data in a structured way (see Figure 5), thereby,
moving from a Model of Use (a paper based form) to a
Model of Meaning (a demonstrator cloud-based system
which offers a framework for machine to machine commu-
nication). For instance, agreed information is broken into
single data fields rather than clustered into a text box. At-
tributes presented to depict an address are on different
rows. For example, the address format on Amazon is pre-
sented as Street Name, Apartment Name, etc. all of which
are entered in different fields or rows. While designing the
form for data collection, it is also important to give prefer-
ence to capturing what terms are core, what terms are com-
mon, and finally consider what local terms must be used
within the organization (Giunchiglia ez 2/. 2022). These are
entitled context specific terms. Once data has been agreed
and structured for data collection in the demonstrator. The
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Figure 5: Prototype Mobile App for Data Entry and Collection
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system is tested by entering synthesized data collected into
the system through an online form presented on a mobile
device. Once this process is completed, the demonstrating
of the teaching can then proceed to check the quality of the
data that was entered onto the form in Step 2.

Step 2: The second step teaches the technique of evaluat-
ing the quality of the data collected. For example, the data that
is stored in your demonstrator database involves reviewing
how your data is stored. While the data and knowledge scien-
tists’ team have applied a number of conformance rules ini-
tially, there is a need to revise and check any rules deployed are
working according to the demonstrator system requirements
and domain expertise. This may involve an iterative set of pro-
cesses that you may wish to review and revise at the point of
data entry. The subsequent step involves signing off on the
processes, which underpin the data you are collecting in your
demonstrator database. Specific activities that one needs to
check include reviewing summary reports to ascertain if there
are any missing values or anomalies within data, which one
has agreed to collect. Checking summarized data, which is
stored for any errors, is important and this can be done using
administrative password and login software provided
through the administrator authentication and permissions
system. Data at this time is viewed through the summarized
table view. Remember this view is restricted to only domain
experts who are monitoring the data collated. Step 2 also pro-
vides an opportunity to see metadata (Satija, Bagchi and Mar-
tinez-Avila 2020) that is the data (i.e. Submitted by and Sub-
mitted time), which describes the data collected in the de-
monstrator database. In this context, data storage is taught as
the use of recording media to retain data using computers or
other devices. The most prevalent forms of data storage
taught are file storage, block storage, and object storage, with
each being ideal for different purposes.

Step 3: The third step teaches the methodological trans-
lation of the required semantic information from the origi-
nal Model of Use (data collected in everyday practice in pa-
per format) to the agreed data for the Model of Meaning

B_0_or ity

(data to be collected and transferred from machine to ma-
chine). Therefore, the pedagogical instructions of this step
involves teaching the know-how of performing semantic
mapping across different tools which requires translation
and alignment of the agreed information now presented as
formalized terms into a readable quantified language repre-
sented as named entity types and properties. This facilitates
the computer-to-computer interactions which support se-
mantic meaning and requires defined ontological schema.
This translation process is an important step in methodo-
logical development but also one which is complex and spe-
cialized. The theoretical and scientific elaboration of the
processes taught in this step is provided in Section 3.3 and
Section 3.4 above.

In Figure 6, we present how we teach the data mapping
to an ontological schema to generate the final ontology-
based knowledge graph model. The upper part of the figure
which is represented in the black box illustrates the classes
or entity types associated with the ontological schema,
whereas, in the bottom part of the figure, one can see all
terms in a table format which we taught to gather during the
processes associated with Steps 1 and Step 2. The arrow il-
lustrated in Figure represents the direct mapping between
data and concepts. It is a semi-automated process using the
Karma tool (Knoblock et al. 2012) just to say that this map-
ping needs to be provided in supervision of a human expert.

Step 4: The fourth step connected with the previous
step teaches the techniques of data integration. Data inte-
gration is the combination of technical and business pro-
cesses used to combine data from disparate sources into
meaningful and valuable information. It includes looking at
data more carefully and finding out if there is any anomaly
or whether all values collected are correct e.g., is there any
null value or empty column? What about the date format?
Are they all the same? Is ICD-10 code properly stored or en-
tered? etc. This process is called data integration.

Step 5: The fifth step is all about teaching Data Visuali-
zation, more precisely, data visualization through a Knowl-
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Figure 6: Semantic Data Mapping Example
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edge Graph (more about different data visualization tech-
niques and knowledge graphs can be found in the FAQ sec-
tion of https://sites.google.com/dcu.ie/csdm/faq). Here,
we teach how one can see how one name entity is related
with another name entity using a directed arrow. Node rep-
resents class or type (i.e. Person, Hospital, Location etc.) of
a name entity. Different colours are associated with the dif-
ferent classes of a name entity. This kind of graph visualiza-
tion shows how different elements of a healthcare system are
interconnected. It is very intuitive in nature to find out new
information otherwise hidden in silos of different hospital
systems or databases. Data Visualization is part of many
business-intelligence tools and key to advanced analytics. It
helps people make sense of all the information, or data, gen-
erated today. An illustration of data visualization is shown
in Figure 7.

4.0 Evaluation of the HKG Model
4.1 Query Evaluation

As this step is very technical to teach, we don’t always expect
domain experts (e.g., healthcare professionals) to conduct it
with their own effort. Rather, the focus of the pedagogical
instruction at this phase is that the domain experts supervise
and validate the query results performed by the data scien-
tists (e.g., within a healthcare organization). For example,
the main responsibilities of the healthcare professionals are
to check and confirm what was their expectation from the
given scenario, what they had in their mind when they de-

W0 \
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fined persona (described in Section 3.1). To exemplify, for a
healthcare domain project by the study group, we illustrate
some query evaluations. To that end, we mention some of
the SPARQL queries (Pérez et al. 2009) to show that the
knowledge graph model was able to answer the necessary
questions which might be useful for further research and
analysis. This, additionally, provides a flavour of how our
proposed methodology pedagogically interoperates be-

tween theory, practice and interdisciplinarity.

Q1. Select all female patient who visited hospital and
prescribe quantity.

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-
schema#>
PREFIX shib: <http://www.semanticweb.org/shib>
PREFIX rdf: <http://wwww3.0rg/1999/02/22-rdf-
syntax-ns#>
SELECT DISTINCT ?subtanceName ?Age
?prescribedQuantity
WHERE{ ?patientVisit shib:ageInYears ? Age.
?patientVisit shib:visitOfPatient ?patient.
?patient shib:roleOf ?person.
?person shib:forename ?PersonForename.
?person shib:surname ?PersonSurname.
OPTIONAL {?person shib:findingRelated ToBiological
Sex ?Sex.}
?person shib:countryOfBirth ?Country.
?Country rdfs:label ?CountryOfBirth.
?patient rdfs:label ?PatientUPI.
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Figure 7: Data Visualization (Fragment)
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?patient shib:hasPrescription ?Prescription.

?Prescription rdfs:label ?PrescriptionID.

?Prescription shib:prescribedQuantity
?prescribedQuantity.

?Prescription shib:prescriptionDrug
2drugSubstance.

?drugSubtance rdf:type shib:drugOrMedicament.

?drugSubtance rdfs:label ?subtanceName.

?drugSubstance shib:legalDrugProduct ?drug
Product.

?drugProduct rdfs:label ?ProductName.

FILTER regex(?Sex, "Female")

}

Q2. Select all male patient who visited hospital and
prescribe quantity.

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-
schema#>
PREFIX shib: <http://www.semanticweb.org/shib>
PREFIX rdf: <http://wwww3.0rg/1999/02/22-rdf-
syntax-ns#>
SELECT DISTINCT ?subtanceName ?Age
?prescribedQuantity
WHERE{ ‘?patientVisit shib:ageInYears ?Age.
?patientVisit shib:visitOfPatient ?patient.
?patient shib:roleOf ?person.
?person shib:forename ?PersonForename.
?person shib:surname ?PersonSurname.
OPTIONAL {?person
shib:findingRelated ToBiologicalSex ?Sex.}
?person shib:countryOfBirth ?Country.
?Country rdfs:label ?CountryOfBirth.
?patient rdfs:label ?PatientUPIL
?patient shib:hasPrescription ?Prescription.
?Prescription rdfs:label ?PrescriptionID.

Bl ;verite

S B8 P P o
R R
Female

?Prescription shib:prescribedQuantity
?prescribedQuantity.

?Prescription shib:prescriptionDrug
?drugSubstance.

2drugSubtance rdf:type shib:drugOrMedicament.

2drugSubtance rdfs:label ?subtanceName.

2drugSubstance shib:legalDrugProduct
?drugProduct.

2drugProduct rdfs:label ?ProductName.

FILTER regex(?Sex, "Male")

Q3. Retrieve the all prescribed drugs information of a
patient along with the name of drugs manufacturer and
patient personal information.

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-
schema#>
PREFIX shib: <http://www.semanticweb.org/shib>
PREFIX rdf: <http://wwww3.0rg/1999/02/22-rdt-
syntax-ns#>
SELECT ?PatientUPI ?PersonForename ?PersonSurname
?CountryOfBirth
?PrescriptionID ?subtanceName ?ProductName
WHERE { ?patient shib:roleOf ?person.
?person shib:forename ?PersonForename.
?person shib:surname ?PersonSurname.
?person shib:countryOfBirth ?Country.
?Country rdfs:label ?CountryOfBirth.
?patient rdfs:label ?PatientUPI.
?patient shib:hasPrescription ?Prescription.
?Prescription rdfs:label ?PrescriptionID.
?Prescription shib:prescriptionDrug
?drugSubstance.
?drugSubtance rdf:type
shib:drugOrMedicament.
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Figure 8: Comparison chart showing prescribed quantity of Drug X in respect with their age (Result of Q1 Q2)
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?drugSubtance rdfs:label ?subtanceName.

?drugSubstance shib:legalDrugProduct
?drugProduct.

?drugProduct rdfs:label ?ProductName. }

Q4 Show all connection of a patient in a knowledge graph
using SPARQL construct.

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-
schema#>
PREFIX shib: <http://www.semanticweb.org/shib>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-
syntax-ns#>
CONSTRUCT { ?patientVisit shib:visitOfPatient
?patient.
?patient shib:roleOf ?person.
?person shib:countryOfBirth ?Country.
?patient shib:hasPrescription ?Prescription.
?Prescription shib:prescriptionDrug
?drugSubstance.
?drugSubstance shib:legalDrugProduct
?drugProduct.

}

The knowledge graph (see Figure 9) shows how the patient
1234567928 (Patientld) is related with the person 38 (per-
sonID) with role of relation. It also visualizes the seven pre-
scriptions which have been prescribed to the patient. All pre-
scriptions prescribed the same drug, which is warfarin so-
dium. And for that generic drug, there are four brand prod-
ucts available in the market. As a validation of our methodol-
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ogy, teaching to showcase such information using knowledge
graph (KG) visualization is immensely useful for healthcare
professionals as they can easily understand and grasp patients’
necessary information needed for their clinical assessment.
The methodology not only helps healthcare professionals to
interact and read the KG but also empowers them in theory
and practice of knowledge organization and modelling.

4.2 User Experience (UX)

We conducted a user study to assess the pedagogical usabil-
ity (Bagchi 2022b) of methodology for domain knowledge
organization and modelling. During an entire period of a
semester, students were asked to perform a series of steps de-
scribed before to design a domain ontology based KG as an
assignment for Knowledge and Data Integration Course
(KDI) at the University of Trento, Italy (http://dit.unitn.it/
~ldkr/1dkr2016/index.html), and CS6422 - eHealth System
Standards & Digital Service in Dublin City University
(DCU), Ireland (https://www101.dcu.ie/registry/module_
contents_no_mod.php?function=28&subcode=NS5058 ).
At the end of the semester, we asked all the participants to
fill an online questionnaire. An open-ended group discus-
sion was also conducted at the end of the session. Data from
the discussion session were further analyzed and mapped
with the online questionnaire. The questionnaire was de-
signed to understand different UX dimensions (Laugwitz et
al. 2008) along with the specific traits of the methodology.
(Laugwitz et al. 2008) came up with more generic UX di-
mensions. They are:

1. Attractiveness relates to the overall pedagogical im-
pression of the methodology.

watarnSodum

matarinimgiatc s

Figure 9: Partial view of Healthcare Knowledge Graph (Q4)
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Figure 10: User Experience dimensions. Adapted from (Laugwitz et al., 2008)

2. Usefulness of the methodological ecosystem across
three dimensions: i) Efficiency, which deals with
how easily the methodology can be learned and
used; ii) Perspicuity, which deals with the familiar-
ity of the methodology, and iii) Dependability,
which deals with the user’s feeling of the control of
the methodology.

3. Users stimulation composed of stimulation (deals
with feeling of excitement while learning and using
the methodology) and novelty (the pedagogical in-
novation of the methodology.).

These UX dimensions helped us perform a thorough assess-
ment of the methodology using five scales with 20 terms.
These scales were: Perspicuity, Efficiency, Dependability,
Stimulation, and Novelty. These scales were further catego-
rized as Pragmatic (the learnability and usability of the
methodology and basically consists of Efficiency, Perspicu-
ity, and Dependability) and Hedonic (learners’ stimulation
while seeing the methodology quality). It consists of 2
scales: Stimulation and Novelty. After that, to validate the
pedagogical usefulness of the methodology, we asked the
participants to point out the advantages and disadvantages
of the methodology. A total number of 38 participants (13
Male, 25 Female; 17 within an age range of 22-25 and 21
within an age range of 26-49) took part in the user study.
Participants’ highest degree of education ranged from post-
graduate (9) to professional (29) degree. 17 of them were
studying digital health whereas one was from the linguistics
department. Some of the participants were fully aware of
the semantic technologies and tools whereas others had no
prior knowledge regarding semantic knowledge modelling

technologies. All of the participants possessed good knowl-
edge of English and volunteered for the study. The consent
form was signed prior to the beginning of the study.
Throughout the semester, the students were asked to model
an ontology based KG following the methodology.

The analysis of the result of user evaluation shows (see
Figure 11 for a glimpse across the abstract UX dimensions)
that the age, qualification and location had no impact on
learning and using the methodology. The main motivation
of the learners was to get good credits on the course and,
principally, to learn data integration tools and techniques
which they could exploit in the future for their own refer-
ence scenarios. The results obtained from the participants
were mostly positive with a mean value of (0.86) for perspi-
cuity, (1.181) for efficiency, (0.722) dependability, (1.185)
stimulation and (0.056) for novelty. The overall Pragmatic
quality was 0.92 whereas the Hedonic quality was 0.63.
This shows that the methodology was user friendly and easy
to learn. However, some of the participants didn’t find the
technologies involved stimulating (while being relatively
negative, this is expected as there is a limited number of
state-of-the-art semantic technologies to choose from). The
elaborated examples and one to one teacher - student inter-
action made the methodology easy to learn and reproduce.
The practical benefits were also noticed by the participants.
Some participants, though, were unsure of the benefit on-
tology driven KG would bring to their precise working con-
text. This, in fact, provides us food for thought to make the
methodology even more learner-friendly.

The formalization process of the ontology driven KG
was also considered difficult by some student professionals.
Similarly, some participants felt that not all the generalized
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Figure 11: Result of Methodology Evaluation

queries were answered by the model. Some participants felt
more emphasis had to be made on the linguistic level rather
than on generalized queries. Some felt the development of
the life cycle could be more streamlined by using the results.
Considering the suggestions from the participants, we will
plan to perform a new comparative enrichment and evalua-
tion of the methodology from a pedagogical as well as scien-
tific perspective. Similar questionnaires will be asked based
on five UX dimensions to a new set of students taking the
course. After that, we will perform the comparative analysis
over the data and test the pedagogical efficiency of the
methodology.

5.0 Conclusion

Before the inception of any pedagogical development using
ICT, we must first determine the required components
through an interactive design process. In this paper, we have
not committed to an explicit implementation of the various
“design thinking, “human centered design, or “integrative
thinking processes”, which, otherwise, are excellent models to
follow, Instead, we aligned our methodology and course to
the crucial recommendations by the Health Informatics

Course run by MITx [https://sana.mit.edu/node/206 ],
which we need to consider when integrating an informatics
solution in a domain specific environment (e.g., a global
health environment). In addition to the combined scientific-
pedagogical elucidation of the methodology, we also pro-
vided exemplifications (see Note: (1)) to illustrate that the
proposed pedagogically flexible knowledge modelling meth-
odology works, both in theory and practice, and, it can be in-
stantiated to develop knowledge organization models such as
ontologies and KGs in any reference domain (healthcare, in
our case). In order to accomplish these challenging yet con-
flicting goals, we recommend incorporating the following
mechanisms into the knowledge modelling design process:

Stakeholder Analysis

Understanding the key players and users involved with an
intervention is central to deploying a usable and effective so-
lution. This goes beyond just end users to include anyone
who is involved in the system's delivery process for your in-
tervention.
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Workflow Integration

Any technical innovation needs to be thoughtfully inte-
grated within the workflow. Rather than designing around
anovel technology, it is often constructive to begin with the
clinical intervention and analyze where technology can play
arole and improve processes. At the outset, it is helpful to
investigate any signif icant barriers to implementation, such
as pre-existing systems, user hesitance, immutable processes,
or insufficient human resources.

An aspect of workflow integration is a strong emphasis
on workflow efficiency. Clinicians are notoriously over-
worked, with limited time and significant amounts spent
on documentation already. As much as possible, any inno-
vation needs to avoid adding work or the solution won't be
adopted by the clinician user base, nearly regardless of the
potential benefit. Therefore, it is imperative to design effi-
cient clinical interfaces that minimize the amount of addi-
tional work, with improving efficiency an ideal objective.

An important caveat comes from including the previous
recommendation of end-user analysis, where the clinician us-
ers will likely have different biases toward what interface im-
proves efficiency from the implementing engineers, so it is
prudent to include clinicians in the design process. Most im-
portantly, for any mHealth solution to yield a lasting impact,
it must be directly tied to quality improvement. This requires
closing the loop with a clinical intervention, so it is strongly
recommended that a holistically designed intervention con-
nect the informatics innovation with the clinical process.

This is a challenging proposition, and it requires clini-
cians to collaborate closely with technologists to push the
envelope of combining what is technically feasible with
what can make a clinical impact. In addition, these factors
must be understood and debated when teaching the pro-
posed knowledge modelling methodology.

Notes

1. The detailed course material is available in the following
link: https://www.ceic.ie/ and the instruction to access
the course is available in the following link: https://
www.dcu.ie/ceic/interoperability-lab.

2. Quadruple Helix innovation models — involves institu-
tional bodies, research sphere, business sector, and citi-
zens in the process. This new generation of open innova-
tion leads to stronger economic impact and better user
experience in Europe. https://ec.europa.cu/digital-sin
gle-market/en/open-innovation-20.
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Appendix
Q1 Describe patient’s demographic information.

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-

schema#>

PREFIX shib: <http://www.semanticweb.org/shib>

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-

syntax-ns#>

SELECT ?PatientUPI ?PersonForename ?PersonSurname

?Sex ?EthnicGroup ?CountryOfBirth ?DateOfBirth

WHERE { ?patient shib:roleOf ?person.

?person shib:forename ?PersonForename.
?person shib:surname ?PersonSurname.
?person

shib:findingR elated ToBiologicalSex ?Sex.
?person shib:dateOfBirth ?DateOfBirth.
?person shib:countryOfBirth ?Country.
?Country rdfs:label ?CountryOfBirth.
?patient rdfs:label ?PatientUPIL.
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?patient shib:ethnicGroup ?EthnicGroup

}

Q2 Describe patient’s demographic information along

with prescribed drugs.

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-
schema#>
PREFIX shib: <http://www.semanticweb.org/shib>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-
syntax-ns#>
SELECT ?PatientUPI ?PersonForename ?PersonSurname
?CountryOfBirth ?PrescriptionID ?subtanceName
?ProductName
WHERE { ?patient shib:roleOf ?person.
?person shib:forename ?PersonForename.
?person shib:surname ?PersonSurname.
?person shib:countryOfBirth ?Country.
?Country rdfs:label ?CountryOfBirth.
?patient rdfs:label ?PatientUPIL.
?patient shib:hasPrescription ?Prescription.
?Prescription rdfs:label ?PrescriptionID.
?Prescription shib:prescriptionDrug
?drugSubstance.
?drugSubtance rdf:type shib:drugOrMedicament.
?drugSubtance rdfs:label ?subtanceName.
?drugSubstance shib:legalDrugProduct
?drugProduct.
?drugProduct rdfs:label ?ProductName.

7 I I 274

Q3 Describe spatial distribution of prescribed quantity.

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-
schema#>
PREFIX shib: <http://www.semanticweb.org/shib>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-
syntax-ns#>
SELECT DISTINCT ?CountryOfBirth
?prescribedQuantity
WHERE{ ‘?patientVisit shib:ageInYears ? Age.
?patientVisit shib:visitOfPatient ?patient.
?patient shib:roleOf ?person.
?person shib:forename ?PersonForename.
?person shib:surname ?PersonSurname.
OPTIONAL {?person
shib:findingRelated ToBiologicalSex ?Sex.}
?person shib:countryOfBirth ?Country.
?Country rdfs:label ?CountryOfBirth.
?patient rdfs:label ?PatientUPL
?patient shib:hasPrescription ?Prescription.
?Prescription rdfs:label ?PrescriptionID.
?Prescription shib:prescribedQuantity
?prescribedQuantity.
?Prescription shib:prescriptionDrug
2drugSubstance.
2drugSubtance rdf:type shib:drugOrMedicament.
2drugSubtance rdfs:label ?subtanceName.
?drugSubstance shib:legal DrugProduct
?drugProduct.
?drugProduct rdfs:label ?ProductName.

I{??

Figure AI: Spatial Distribution of patient with their Prescribe Quantity (Result of Q3)
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