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Abstract: Creation and development of formal domain ontology of occupational therapy (OTO) requires the
prescription and formal evaluation of the results through specific criteria. UPON methontology of develop-
ment ontologies was followed to create an OTO ontology, and was implemented by using Protégé-OWL. Ac-
curacy of the OTO ontology was assessed using a set of ontology design criteria. This paper desctibes a soft-
wate engineering approach to model domain ontology for occupational therapy resources (OTO) using Natural Language Programming
(NLP) technology. The rules were written to annotate the domain concepts using Java Annotation Patterns Engine (JAPE) grammar. It is
used to support regular expression matching and thus annotate OT concepts by using the GATE developer tool. This speeds up the time-
consuming development of the ontology, which is important for experts in the domain who face time constraints and high workloads.
The rules provide significant results: the pattern matching of OT concepts based on the lookup list produced 403 correct concepts and
the accuracy was generally higher. Using NLP technique is a good approach to reducing the domain expert’s work, and the results can be
evaluated. This study contributes to the understanding of ontology development and evaluation methods to address the knowledge gap
of using ontology in the decision support system component of occupational therapy.

Received: 18 December 2013; Revised: 4 November 2014; Accepted: 4 November 2014.

Keywords: domain ontology, concepts, occupational therapy, natural language processing, NLP

1.0 Introduction emails, web pages, reports and research papers in their

raw form. Far more interestingly, extracting information
Recently, unstructured data on the World Wide Web has from a specific domain using distributed corpora from
generated significant interest, in the extraction of text, the World Wide Web is a vital step towards creating cor-
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pus annotation. The semantic web offers semantic anno-
tations that describe web resources explicitly. These an-
notations are based on ontologies that represent domain
knowledge through defining concepts and the semantic
relations between those concepts. At the same time, on-
tologies have become the main components of the se-
mantic web. The creator of the World Wide Web consid-
ers the ontology to be a critical part of the semantic web
(Berners-Lee 2000). It requires standards of machine-
processable representations of ontology. The standards
for this purpose, such as Resource Description Frame-
work (RDF) (Handschuh and Staab 2002), Web Ontology
Language (OWL) (Gasevic et al. 2006), have been defined
by the World Wide Web Consortium (W3C) (Sawsaa and
Lu 2010; Semantic Web 2005). Consequently, ontology is
a foundation that is central to the growth of the semantic
web, that provides a common knowledge for correspon-
dence and communication among heterogeneous sys-
tems. Furthermore, it is useful for different applications
to share information among heterogeneous data re-
sources (Alberto et al. 2002).

Information Extracting (IE) has received significant in-
terest due to the number of web pages emerging on the
Internet containing unstructured data (Jacob and Zhang
2013). Because of the amount of information available on
the Internet, it has become necessary to have a tool for ex-
tracting it. It has been reported that specialists in the field
of IE have worked to find suitable tools, such as wrappers,
that classify interesting data and map them onto appropti-
ate formats such as XML or relational databases (Moens
2006). Furthermore, some HTMIL-aware tools are based
on inheriting the structural features of documents so as to
extract the data. Natural Language Programming (NLP) is
a technique used by a number of tools, such as GATE and
JAPE, to extract the data in natural language documents
(Cunningham et al. 2000). Tools like GATE use techniques
such as part-of-speech tagging, filtering, or lexical semantic
tagging to link relevant information, and identify relation-
ships among phrases and sentence elements within text
(Cunningham et al. 2000; Vlachidis et al. 2010). Each of
these tools has advantages and disadvantages. A compara-
tive analysis of the existing tools for data extraction is
needed to assess their capabilities.

Occupational therapy needs a formal language (FL) to
identify certain concepts in the field to make communica-
tion easier, but currently its FL is missing. This paper
provides an initial definition of FL for the area of occu-
pational therapy, together with a brief background of 1E
tools to justify the use of NLP technique. The NLP is
used to extract concepts in the field and to speed up the
process of building the Ontology of Occupational Ther-
apy (OTO). During this study the CREOLE plug-ins
from GATE in the IE system is used. It also shows how
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the JAPE grammar has been implemented by detailing
the rules we use to annotate IS concepts. The paper is
structured as follows: in Section 2, the background of on-
tology and IE is discussed. In Section 3, the methods
used to develop domain ontology of OT and extracting
OT concepts are discussed, and demonstrate how the OT
ontology system was constructed. In Section 4 the im-
plementation shows how the domain knowledge is ac-
quired for creating the corpus, Gazetteer, and how the
JAPE rule is implemented. In Section 5, discussion and
evaluation are included. Finally, in Section 6, conclusions
and suggestions for future work are made.

2.0 Background
2.1 Information extracting IE

A number of studies have shown that applications of 1E
can be used to annotate documents that are written in
natural language. Certainly, the growing number of IE
tools that can be used to annotate concepts, such as
SHOE, Annota, Annozilla, MnM, Ontomat, COHSE,
Melita, and GATE, make it easy to process machine-
readable text (Srihari and Li, 1999). A comparison of
these tools shows that they provide distinct methods of
IE (Alberto et al. 2002; Calzolari 2013), as illustrated in
Table 1.

Table 1 shows that there are many tools such as
SHOE, Annota Annozilla and KIM ontotext providing
automatic annotation of extracted text from mark-up
languages such as RDF OWL HTML, XHTML (Lassila
and Swick 2009; Ibekwe-SanJuan 2010), written by differ-
ent languages, e.g. Java and C. In comparing the GATE
developer with these tools, GATE provides semi-
automatic and automatic annotations in easy to use ways,
similar to the MnM ontology editor. GATE can extract
text from different formats, such as XML, HTML,
XHTML, emails and PDF files, while MnM annotates
HTML formats only.

Basically, the annotation of IS concepts is based on
the GATE developer, which is an architecture tool for
text engineering, It is a free open source tool developed
by a team at the University of Sheffield, starting in the
early 1990s. The first version was released in 1995, the
second one was in 2002, and the most recent was released
in 2010 (Cunningham et al. 2000).

GATE can run on any platform and supports JAVA
5.0. It has also been developed and tested on Linux,
Windows and Mac OS X. It has a user interface to enable
user editing and visualization and quick application de-
velopment. Furthermore, it provides support for manual
annotation, semi-automatic and semantic annotation, as
well as ontology management. Moreover, GATE uses
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Tools Type Degtee of Based on Ease | Language Advantages & Disadvan-
automation of written in tages
use
SHOE Knowledge an- Automatic + Java Allows users to mark up
notation pages in SHOE, guided by
ontologies or URL
Annota Annotation Automatic RDF mark-up + C Does not support IE; like
schema W3C XML, XHTML,CSS Available for an ontology server; makes
&Xpointer Windows, Unix | annotation publicly avail-
and MAC able
An- Email annotation | Automatic Mozilla ++ -
nozilla
MnM Ontology editor | Semi- HTML + Similar to Melita
automatic &
automatic
Ontomat Automatic OWL ++ Used to create and main-
tain ontologies; uses Oto-
Broker as server
COHSE | Integration of Automatic DAMLA+OIL + RDF Uses ontology server to
text-processing mark up pages in
components DAML+OIL and reuse as
RDF
Melita Annotation in- Semi- Extensible mark-up lan- | ++ To retrieve structure and
terface automatic guage, Java, HTML semi-structured annota-
tions
KIM on- | Semantic annota- | Automatic RDF ++ Semantic annotation, in-
totext tion platform dexing, and retrieval of un-
structured and semi-
structured content.
GATE Annotation tool Semi- XML, HTML,, +++ JAVA version 5 Comprises an architecture
automatic & XHTML, emails and framework. Based on
automatic NLP group

Table 1. Information Extracting Tools

CREOLE plug-ins as objects for language engineering.
All of these are packaged as Java Archives and XML con-
figuration data (Cunningham et al. 2000).

GATE is a tool used to take unseen texts and convert
them into a fixed format such as XML or HTML. This
data can then be displayed for users or stored in a database
for analysis. Before talking about GATE in more detail, we
should clarify the difference between information retrieval
(IR) and IE (Crescenzi and Mecca 2004). IE helps the user
to extract information from a huge amount of text for the
putpose of fact analysis. Information retrieval (IR) is just
pulling out documents containing relevant information ac-
cording to a key word search. Information extracting (IE)
can identify queries in a structural way and provides
knowledge at a deeper level, while IR uses a normal query
engine, which makes it hard to gain accurate answers, and
provides knowledge at the standard level.

Consider an enquiry such as ‘which UK airports are
currently closed due to severe weather conditions?” Or,
where an event took place and who it involved, such as
‘where was Gordon Brown’s last visit as prime minister?’
(Chang et al. 2006; Stihari and Li 1999). IR would just pro-
vide a webpage containing the relevant information and
the user would then need to search that webpage using
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various terms ot concepts to analyse the information. IE,
on the other hand, provides specific information about the
enquiry, even if the information is not accurate, but you
can only back up the correct information (Moens 2006).
IE has been used for applications such as text mining, se-
mantic annotation, question answering, opinion mining,
decision support, rich information retrieval and explora-
tion.

GATE has a comprehensive set of plug-ins, including
Alignment, ANNIE, Annotation_Merging, Copy_Annots
_Between_Docs, Gazetteer_ LKB, Gazetteer_Ontology
_Based, Information_Retrieval, Keyphrase_Extraction_
Algorithm, Language_Identification, Ontology_Tools, and
WordNet.

GATE is based on ANNIE, which is a new IE system
with core processing resources (GATE 2013). ANNIE
relies on a finite state algorithm and JAPE grammar, and
combines Tokenisor, which divide the text into simple
tokens such as words, numbers, punctuation, Sentence
Splitter (which splits the text into sentences), and abbre-
viations of the gazetteer list to help distinguish between
sentences. The POS tagger, Name entity tagger, and
JAPE transducer uses JAPE grammar to produce entities,
Orthomatcher (co-references), to match rules to identify
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the relations between names already found by the POS
tagger. The Gazetteer is a list presenting a set of names,
terms, etc., to identify entities based on the list. Among
these modules, we used Tokenisor, Sentence Splitter,
Gazetteer, and JAPE transducer (Handschuh and Staab
2002; Thakker et al. 2009).

GATE includes automatic and semi-automatic seman-
tic annotation as well as manual annotation, which en-
ables the user to create their own annotations. As a result,
the GATE developer can be used to extract terms and
concepts from a specific text effectively and efficiently.
For this work, we annotate OT concepts from literature
to be formalized into OTO ontology code.

2.2 Domain ontology

Ontology has been defined from different perspectives.
Ontology in philosophy is a branch of metaphysics dealing
with being or reality; otherwise, it is study of beings or ex-
istence. In the computer science and IA community it is
defined as a specification of conceptualization (Tifous et
al. 2007; Bhatt et al. 2009; Marcondes 2013). The ontology
concept has been developed over time; in 1993 Tom Gru-
ber described it as follows: “a formal explicit specification
of shared conceptualization” (Gruber 1993). Practically,
ontology is a method of representing items of knowledge
even when these items are facts, ideas, and things. Smith
(1996) asserted that ontology is formal theory within not
only definitions but also supporting framework of axioms.

The domain ontology is a specific area of knowledge
containing the main concepts and their relations. Gomez-
Perez asserted that this kind of ontology has weaknesses
including emerging upper-level ontology. It classifies its
concepts according to different criteria, which leads to het-
erogeneity in knowledge. The domain ontology is the solu-
tion of specific concepts in each domain. The numbers of
studies of ontology has grown rapidly in recent years. Pet-
tey and Goasduff (2000) points out that integration of the
semantic web could have the greatest impact on technol-
ogy in the next few years particularly, in a specific domain
such as biomedical ontologies which play a fundamental
role in accessing the heterogeneous sources of medical in-
formation, and using, and sharing patient’s data (Pettey and
Goasduff 2006; Gomez-Pérez et al. 2004; Sowa 2012).

A significant growth of ontology projects shows that a
lot of ontologies have been developed and designed based
on different methodologies. The methodology is still a big
problem in this area. Many methodologies have been pro-
posed since the 1990s. Deokattey et al. (2010) described a
method for developing a domain ontology in the multidis-
ciplinary area of accelerator driven systems in nuclear
physics. “The merging system was used and a new knowl-
edge organization tool was developed using an existing lar-
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ger tool; the International Nuclear Information System
(INIS) thesaurus.” Furthermore, it is a shared belief that
ontology receives a lot of recognition from vatious re-
search fields. Although there are some well-known domain
ontologies, such as CYC, the Standardized Nomenclature
for Medicine (SNOMED, a clinical terminology) (Jepsen
2009), Toronto Virtual Enterprise (TOVE) (Laboratory
2011) “TOVE Ontology Project,” and the GENE ontol-
ogy (GO) (Gasevic et al. 20006), study of the ontology area
is still immatutre and improvements are needed (Lassila and
Swick 2009). GO was developed by the National Human
Genome Research Institute in 1998. It presents a con-
trolled vocabulary of gene and gene product attributes. It
contains 30,000 concepts and is organized as follows: cellu-
lar component, molecular function, and biological process.
It is regularly updated and is available in several formats
(Gasevic et al. 2006; GeneOntology 2009; Jepsen 2009).

2.3. Occupational Therapy (OT)

Occupational therapy (OT) is a treatment using certain ac-
tivities to improve physical, mental and social performance.
The main objective of the treatment is development of the
individual’s personal autonomy, both social and profes-
sional. The therapist is one of a multi-disciplinary team
working with a stroke patient, for example. OT needs a
formal language to identify certain concepts in the field to
make communication easier between therapists and be-
tween people and machines. “Occupational therapists seem
to have difficulties of finding appropriate words with
which to think about and express the nature and purpose
of their practice” (Breines 2005). Although many attempts
have been made to find a full agreement on specific con-
cepts in the area, the problem still remains of identifying
the key concepts and their relationships (Cunningham et al.
2000). However, ontology in a specific domain provides
concepts and the relationships between these concepts.
Furthermore, it offers shared vocabularies in a consistent
mode. More crucially, in natural language, therapists use
different meanings for one concept, for instance “occupa-
tion, function.” If you looked in a dictionary you might
find more than one definition.

Ontology specifies a formal definition to avoid vague-
ness and ambiguity, to decide the exact meaning, If you
looked in the Oxford Dictionary of English for the meaning
of occupation you will find many definitions. At the same
time, many therapists, social and health staff, use different
words and phrases to define occupation, such as daily ac-
tivities, everyday life, persons of any age, individual and
sociocultural value, leisure and so on; so ontology pro-
vides a single definition and more accurate restriction by
axioms makes communication more effective. However,
“ontology incorporates both a subject representational
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vocabulary and a bibliographic description format, and
can be made compatible with any digital information re-
source in a library or any webpage from the Internet”
(Deokattey et al. 2010).

3.0 Methods employed
3.1 Designing at theoretical model with NI.P

The construction ontology model is a real scenario and
complicated task. Moreover, there is no unique method
of modelling ontologies. Modelling ontological knowl-
edge needs ontological engineering to ensure implicit
knowledge is formalized in different ways. The ontologi-
cal engineering provides methodologies for constructing
ontology modelling, The development of OTO ontology
followed Methontology (Gomez-Pérez et al. 2004).
Methontology is a general methodology framework. The
OTO ontology model was designed to represent a
knowledge domain of occupational therapy. The de-
signed model was informed by the background informa-
tion gathered and annotated by Natural Language Pro-
gramming (NLP) technique. The model developing proc-
ess consisted of the following activities: Specification and
Conceptualisation. The outcome of these activities was a
model prototype that has been tested and evaluated.

The OTO ontology is designed to support the seman-
tic web and fill the knowledge gap between the therapeu-
tical knowledge that is represented in OTO. It contains a
set task to help the therapists assess the patient. The
therapists need different types of knowledge to under-
stand their professional roles. It also helps therapists to
explain what they are doing for patients and among staff.
This knowledge assists in carrying out the function of
occupational therapy in different settings, and under-
standing clients’ problems, what types of treatment are
needed, and what service will be provided (Kielhofner
2009). For example, referral of a patient to a therapist
worker requires some details about the current treatment
and the main purpose of the appointment - perhaps
he/she just needs evaluation or follow ups. The ontology
aims to provide concrete details that are needed.

Otherwise, therapists need knowledge to:

— Define the nature, purpose, scope, and value of occu-
pation therapy

— Understand problems and their solutions

— Relate their wotk to other fields such as medical science.

3.2 NLP technigue used to extract OT concepts:

We present an automatic extraction method based on
ANNIE using a JAPE grammar that extracts concepts
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from XML files and HTML text. Our JAPE rule extracts
concepts as follows: the first entity detected is Informa-
ton service {Type=Token, start=867, end=837, id=4210,
majorDype=concept} labelled as Occupational Therapy.concept.

Phase: one
Input: Lookup Token
Options: control = applet

Rute: concept1

Priority: 20

(

(A Token.string == "occupational'})
{Token.string == "therapy"'}

({Lookup. major Type == "concept''})

) : occupational

->

: occupational. concept = {Rule=concept1'}

In these rules, we specify a string of text {Token.string
== } that must be matched, specifying the attributes of
the annotation by using operators such as “==7”, and
then annotating the entities according to the correct la-
bels. Furthermore, using a control field such as all, applet,
brill gives the right results. The next example shows how
regular expressions could be annotated as showing con-
cepts related to (Therapy) metacharacter (dot, *, [], | ),
{Token.string == "therap (ies)"}.

Our method of creating OTO ontology is based on
UPON (Unified Process for Ontology) methodology.
UPON is based on a software engineering process. It is
mainly for large-scale domain ontology but provides use-
ful guidelines for small ontologies. UPON consists of cy-
cles, phases, iteration and workflows and is distinguish-
able by its use case driven, iterative and incremental na-
ture (De Nicola et al. 2009).

The following steps are proposed in this methodology:
Inception, Elaboration, Construction, and Transition. With
each iteration different workflows come into play, and a
richer, more complete version of the ontology is produced.

Requirements workflow—specifying the semantic
needs and user view of the knowledge to be encoded in
the ontology—starts with:

— Determine the domain interest, which is occupational
therapy.

— Define the main reason for developing ontology and
identify intended users. In this case developing OTO
is to provide a model of occupational therapy re-
sources that could be used within the domain to as-
sists therapists in their work. OTO ontology will pro-
vide a formal representation of the concepts and de-
scribe the relations between those concepts.
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— Writing the sketches outlining the sequence of activi-
ties that take place in a particular scenario. In OTO,
ontology is not required because of the simplicity of
the sequence activities.

— Create application lexicon by collecting terms from the
domain knowledge. Most of the terminology is col-
lected from online resources. Table 2 shows the lexi-

con for OTO ontology.
Occupation Role Ability
Occupational mapping Routine Activity

Occupational performance Setting | Assessment

Occupational components Skills Autonomy

Table 2. Lexicon for OTO ontology

Identify competency questions for which ontology must
provide the answer. The competency question is essential
to be identified for use in the workflow to evaluate the
ontology.

Therapist

Patient

— What is the name of a specific treatment?

— Does the required treatment need a long or short time
to apply?

— Is the treatment needed pre-assessment?

Modelling related use cases correspond to paths through
the ontology to answer competency question. These mod-
els assist users in searching in the ontology to find answer
to the competency questions, add and remove elements in
the modelled ontology, as illustrated in Figure 1.

The use case graph shows how the ontology can be
searched. Therapists, patients, and service administrative
staff can search the ontology by problem, classifications of
main components; for example searching on clients need,
intrapersonal experiences or practice decisions.

Before creating the ontology, we had to collect the OT
concepts for the domain model. Our approach consisted of
annotating these concepts based on the JAPE grammar, us-
ing the GATE software. The annotation process began by:

— Creating a corpus of documents and a lexicon of OT,
with JAPE rules used to extract OT concepts. GATE

Ontology

extend

~

¢ extend

/ extend

Service admin staff

Figure 1. Use case for searching the OTO ontology
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provides facilities for loading corpora for annotation
from a URL or uploading from a file. The process
generally started as follows:

— We compiled OT knowledge from different resources
and various publications.

— We analysed the data to ensure it covered the whole

field.

— We transferred the information resources into an
XML file to form the corpus.

— We uploaded the corpus into the GATE software to
start running ANNIE.

— We annotated the concepts based on JAPE grammar,
which is run within ANNIE.

— Testing and evaluation, as illustrated in Figure 2.

Analysis workflow—refinement and structuring of the
ontology requirements identified in previous workflow
needs to be completed by following these steps:

Acquiring domain resources to create a domain lexi-
con through collecting domain terms such as:

Therapist Patient
Client Therapy action
Therapy Initial assessment

Referral ot reason for contact Information gathering

Activities of daily living Play activities
Working and productive activities  Internal influence

Performance components Values

However, to attend to specific problems the relationships
that provide more precise details should be identified; in
OTO ontology, many taxonomic relationships have been
built, e.g.,, Is-A, hasA. Also, some relations among con-
cepts are non-taxonomic relations used to present within
the relation concept.

From these terms, the potential relations between the
concepts will be created of OTO ontology. Therapists
should have professional beliefs and values about the na-
ture of people and the nature of health and beliefs about
the nature and purpose of OT. The OT ontology pro-
vides clear relationships between clients, whether individ-
ual, group or organisation, each of which has to be influ-
enced by internal and external factors.

Documents of Occupational
Therapy

[ Analysis process

AN

Corpus ]: Transfers to XML
\ -
/ . Upload to
/ GATE
Framework
Running ANNIE
[ Annotation of concepts & evaluation ]

Figure 2. Annotation workflow
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Meanwhile, each client has a history, experience, lan-
guage, social and culture, physical, thoughts, beliefs, val-
ues, aspirations, needs, problems, interest, behaviours,
abilities and environment. They connect with a therapist
who has values, identity, attitudes and capability. More re-
lationships are depicted in Figure 3.

— Modelling the application activities using UML dia-
grams to explain those activities involved in searching,
adding, and moving elements in the ontology.

— Building the reference glossary by defining the terms.

Term Definition

First stage in the process of

Occupational developing a national framework, as
mapping it analyses the professional areas
covered.

Treatment intended to relieve or
Therapy .
heal a disorder
. A person or group that uses
Client p . & .p .
professional advice or services.
. A job or profession: people in
Occupation J p peop

professional occupations
Table 3. Reference Glossary
Design workflow—refinement of entities, actors and

processes identified in the analysis workflow, including
identification of their relationships.

Implementation workflow—selecting and encoding
the ontology in formal language.

4.0 Implementation

Implementation identifies the main goal of the OTO on-
tology, which is seeking to provide information for
therapists that helps them to:

— Provide valuable information about the patients.
— Provide information on daily service and activities.
— Enable effective occupational performance.

Knowledge acquisition is started by:

— Creating the corpus. It has 300 files in the XML for-
mat, containing text relevant to the IS field.

— Creating the IS Lexicon: This is a list of OT terms
that have to be identified as Major Type, Minor Type,
etc. For example:

Productivity: major type= concept
Personal Care: minor type= term
Activities: major type= concept

Next we use JAPE rules:

Using JAPE rules allows us to extract concepts and

identify tokens that contain the concepts in the correct

Occupation

Focus Attention On

Therapist

Activities

Tasks

Skills

Professional Experince
HasA P Professional Beliefs & Values

Professional understanding of OT's domain concern

Goals & desired outcome

OT knowledge base
Legitimate Tools for OT practice

Role, responsibility & duty

Figure 3. Relationships in OTO ontology
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order, and then look up the concepts in the Gazetteer.
JAPE rules create a phase based on Java for creating spe-
cific grammar. Each JAPE rule consists of Left-Hand-Side
(LHS) that contains the pattern that must be matched, and
Right-Hand-Side (RHS) that details the annotations that
are to be created (Cunningham, et al. 2000).

The JAPE grammar was used to support regular ex-
pression matching, as this is how annotation is achieved
in GATE. Annotation can also be carried out using other
CREOLE plug-ins such as Gazetteer, for which it is nec-
essary to create a list of concepts to be annotated. By
clicking on the ANNIE Gazetteer, all the lists appear, in-
cluding the OT list, as shown in Figure 4. The sub-list
presents the main concepts, such as action, task, interac-
tions, social role and developmental.

The next step was uploading the corpus to the applica-
tion framework, using the JAPE grammar and Gazetteer
to match and annotate concepts from the corpus. All
terms were gathered, along with the relevant information,
to be described in the lexicon. We collect the terms from
the point of view of occupational practice and therapists;

see Table 4.

Occupation Role Ability
Occupational mapping Routine Activity
Occupational performance Setting Assessment
Occupational components Skills Autonomy

Table 4. Lexicon for OTO ontology

5.0 Building OTO computational model

A conceptual model of the OT in natural language needs
to be modelled. The primary output of this stage is OTO
ontology, which is structured in the appropriate ontology
editor, such as Protégé. The OTO ontology is structured
in natural language to be suitable for data modelling and
knowledge representation. It indents for expression of
unambiguous and complete specification of domain con-
cepts with relations between them, and organises them in
super-types and sub-types of hierarchy. Furthermore, on-
tology in Protégé can be exported to different formats
such as RDF and XML; Figure 5 shows part of OTO on-
tology in OWL language. The Organization concept is a
superclass, and a subclass of Client.

In the formal model of OTO ontology that covers the
whole domain, the main classes are categorised based on
fundamental considerations about the role of concepts in
the area. The ontology is implemented by organising con-
cepts according to is-A, part-of and hasA relations with axi-
oms. That gives specific definitions of these concepts.

The OTO ontology allows the users to explore the on-
tology structure by browsing the upper level of the tree. The
upper level provides a general understanding of the OT
domain, whereas the deeper levels can be reached when they
are navigated to through multiple levels of the tree.

The upper-level of classes contains abstract entities cre-
ated based on taxonomy of OT and the philosophical ap-
proach of science definition. Formally, the OT'O model in-
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Figure 4. Screenshot of OT Gazetteer
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cludes fourteen levels of representation, which provide the
foundation of knowledge framework for the OTO ontol-
ogy. The OTO ontology root classes are: Action, Client,
PerformanceArea, PerformanceComponent, Service, The-
rapist, and Therapy Time, Space. The root classes are hier-
archically specialized; each sub class is grouped under a
main class, for instance “TherapyAction,” was grouped
under the Therapy class, as shown in Figure 6. The OTO
ontology structure is extendable and flexible.

5.1 OTO Components
5.1.1 Classes

Classes in OTO ontology (also called concepts) ate a type
of object in the real world, e.g. the class “Action” models
the class of all tools that are used in the domain to facili-
tate doing and providing services. Classes in OTO ontol-
ogy are defined to be unique by their definitions. Classes
have too many relationships to each other. The relation
type indicates that a class has a relationship with other
subclasses by specific relations.

5.1.2 Axcioms

Ontology has axioms which are basic statements; these
axioms represent a basic knowledge, e.g. <owl:Class rdf:
about="ActivityOfAdailyLiving#"> <tdfs:subClassOf rdf:
resoutce="PersonalHygiene#" /> ActivityOfAdailyLiving
class is a subclass of the PersonalHygiene class — it is an
axiom.

5.1.3 Properties

In the OTO ontology, relationships are called properties in
OWL and some other description logic languages. The at-
tributes are created in object properties - Owl: Object
property - and data property view - Owl:Data Type prop-
erty. The object property is the relationship between in-
stances, whilst data property describes the relationships be-
tween instances and data values, which link an instance to
RDF or to XML schema. The data property is similar to
the object property unless it can be just functional in char-
acteristic, not inverse in description, as shown in Figure 7.

Organization

217.owOrganzanon
Superclasses:
Organizaton SubClassOt Clien
Disjoint classes:

URI: hip:/Avww.semanticweb.org’ahlamsawsaa‘ontologles2014/5/0naology 1402397391

DisjointClasses: Groups, Individuals, Organization

Figure 5. OTO ontology in OWL language
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Figure 6. OTO ontology in Protégé
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Figure 7. Data Property

5.1.4 Individuals

Ontology Instances in Protégé are called individuals of
classes that are created in the individuals view. Fach in-
stance can be described in the description tab as the Type
and name of the same individual. The instance ‘Institute
of Speech and Language, and Communication’ is described
under types as a ActionPlanning and the same name is
SLCNs. Attribute is allocated in data property assertion,
and the relations under the object property assertion.

6.0 Evaluation and Discussion

The OTO ontology is based on IE techniques for ex-
tracting the main concepts in the domain. Our extraction
of OT concepts, using JAPE grammar and regular ex-
pression based on the GATE developer for automated
IE, provides significant results. The main idea behind us-
ing JAPE and regular expression is to identify OT termi-
nology as tokens, for example occupational therapy, activ-
ity and daily living, from a large text. The term identifica-
tion relies on looking up a list of OT terms from the
Gazetteer. For example, we could look up collecting in-
formation, analysis of information, interpreting informa-
tion or social norms, social expectation, cultural norm,
cultural expectation. These concepts can be collected to
be the main component of the OT glossary and to struc-
ture in semi-formal hierarchy before creating the compu-
tational model of the OTO ontology.

We extracted the OT concepts from a corpus of 300
documents, obtained specifically for this purpose. We ran
the ANNIE application, using document reset, Tokeni-
sot, Sentence Splitter, Gazetteer, POS tagger, JAPE trans-
ducer and Orthomatcher. The annotation set that ap-
peared in the display panel and the concepts are high-
lighted in the annotation default; each annotation has a

https://dol.org/10.5771/0843-7444-2014-6-452 - am 13.01.2026, 10:14:24.

different colour after running ANNIE and highlighting
the matching concepts. The results show that our ap-
proach successfully annotates concepts. We recalled 541
of the Occupation concept, 275 of the Therapy concept and
35 of the Habit concept. Each annotation starts from a
specific point and ends at a different point based on how
many tokens it has. The Ocupation concept starts at point
(557) and ends at (566), while the Therapy concept starts
at (624) and ends at (636), with its features {major
Type=concept}.

In this study, the data were evaluated based on evalua-
tion metrics for precision, recall and the F-measure,
which are common metrics in IR field that can be defined

as follows:
1 .
Correct + > Partial
Precision = : :
Correct + Spurious + Partial
1 .
Correct +§Pafrtml
Recall = —= :
Correct + Missing + Partial
BFi+1P=m
F — Measure = ——————
(B2P) +»

The statistics of the corpus show that the pattern match-
ing of OT concepts based on the lookup OT list was
403, correct concepts and accuracy were generally higher,
and there were no partially correct results (0), or missing
false positives, as illustrated in Figure 8.

Correct. 403 Recall Precision F-measure
Partially correct 0 Strict: 1.00 1.00 1.00
Missing: 0 Lenient. 1.00 1.00 1.00

False positives: 0 Average: 1.00 1.00 1.00

| Statistics | Adjudication |

Fignre 8. The Accuracy results

The OTO ontology model represents OT therapist
searching needs, and has potential to help social studies
researchers find primary sources. The OTO ontology fol-
lowed Methontology (Fernandez-Lopez et al., 1997) on-
tology methodology engineering as a general framework
to construct the ontology model, and it was evaluated
based on ontology quality criteria to ensure its clarity and
completeness.

7.0 Conclusion and future work

The development of OTO ontology is a stage towards
creating a shareable and reusable OT system. Ontology is
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a formal model for therapists and social staff organising
vision in the information hyperspace of the domain
knowledge. This paper has described a method using
NLP techniques to extract concepts for the purpose of
developing OTO ontology. Furthermore, the develop-
ment of the IE system should save time and effort in la-
belling the most common concepts. In total, we extracted
664 concepts that are classes of the OT, and 650 sub-
classes making up the main components of the ontology
skeleton. The IE technique can be applied to many dif-
ferent formats, such as XML, HTML documents, URLs
or emails. The OTO ontology was developed based on
UPON methodology. In developing the ontology, the
process of ontology development has been illustrated
with the ontology capturing concepts and relation associ-
ated with different aspects of the OT domain.

Ontology is at the heart of the semantic web. It de-
fines concepts and relations that make global interopera-
bility possible. In future work, we plan to enhance more
concepts to develop OTO, to be applied in specific appli-
cations to solve specific problems related to the OT do-
main. Overall, the OTO ontology will increase the value
of the data stored in the ontology that will allow it to be
shared and reusable across applications.
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