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Abstract: We have been unable to find a verified, published Radiation Oncology Ontology. We undertook the process
of verifying a Radiation Oncology Ontology with a mixture of crowd-sourcing and expert-based approaches
to verify relationships in the ontology. We used a natural language based approach to portray concepts and
relationships, surveying users to assess the relationships between concepts in the Radiation Oncology ontology.
The work used a description of a patient’s history expressed in XML.

The natural language statements relating concepts are available on a website for verification, and readers are
invited to complete the survey at http://coi-hs-survey.appspot.com/ to contribute.
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1. Introduction

The creation of an ontology to describe an expert domain is a problematic and iterative process. The difficulties
arise because the creation process covers two distinctly different domains rarely bridged by a single individual [1]
- ontologists (the Informatics experts) and oncologists (the domain experts) share little. Unfortunately domain
experts are rarely informaticians, and vice versa [2]. Another problem that adds complexity is the amount of
time available for domain experts to guide the informatician, and since typically, domain experts use a knowledge

structure developed by decades of study, identifying and transferring these structures in a time frame measured
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in hours is unlikely [3].

The process is iterative in that the domain experts must describe knowledge structure to the informatician,
and the informatician must then verify their developed knowledge structures with the domain experts. However
once an ontology is produced, there are significant problems verifying its correctness [4]. Most ontologies will
be defined in a format such as OWL and within software such as Protégé [5], neither of these are familiar to
many domain experts. Until verification has been achieved, any domain-specific ontology must be regarded with

suspicion and not used for practical purposes in the expert domain.

Radiation Oncology is a disease-centred (cancer) and modality-centred (radiotherapy) tertiary care medical
specialty that utilises ionising radiation in the management of cancer [6], which only occupies a small position in
a patient’s lifelong care. Decision-making in Radiation Oncology follows a deductive path where verifiable and
well documented information is applied to the precise problem of improved outcomes, while always reflecting
the underlying biomedical model. The cancer problem is structured and defined by the disease (instantiated by
a diagnosis and stage), a series of pertinent prognostic factors known to impact on the disease behaviour, and
therapy options that have already been shown to provide an improved outcome in a similar group of patients.

Other patient factors are considered, such as an assessment of the patient’s ability to realise the benefits on offer [7].

Some research has investigated the level of knowledge required to verify specialist ontologies ( [8, 9]). These
previous findings suggest that domain experts are not necessary in the process and that crowd-sourcing from a
range of backgrounds will provide similar verification results. The question remains whether this conclusion can
be sustained in the setting of an expert domain that is not mainstream and only episodically encountered. The
quality of the verification of non-standard ontologies, as well as their repeatability in comparison with SMEs

needs to be established.

Crowd-sourcing is an on-line form of job completion drawing on the collective skills of a large group of people.
The main concept of crowd-sourcing is that a crowd of unskilled individuals work on small tasks. Using crowds,
project managers are able to reach more people, reducing risk of a single point of failure. This should improve
the standard of job completion. The project manager now has a wider variety of responses; allowing them to find
the best from a wider and more varied set of responses. Microtasking is a type of crowd-sourcing which involves
breaking a large piece of work into many smaller tasks for completion rapidly by a crowd. Microtasks include
proofreading passages, scanning images and transcribing audio files. Managers pay a small fee, for example, ten
cents, to each participant if their response is worthy. This makes microtasking not only time efficient, but also

mistake free and cost effective.
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We considered the notion of verifying an ontology of medical terms by making a survey available to domain
experts and the general public. To explore the the benefits of crowd-sourcing the opinions of domain experts
and the general public in examining an ontology, the functionality of the AMAZON MECHANICAL TURK' was
considered an acceptable vehicle to provide an insight into the level of specificity and verifiability of the knowledge

of domain experts.

The tight coupling of cancer work flow with cancer diagnosis and stage followed by resultant cancer treatment
with objective end points [10] indicates a medical specialty that is well suited to the development of a domain
ontology. Furthermore, radiotherapy for benign conditions is uncommon, so it is only the patient with cancer
and their families who will become intimately aware of Radiation Oncology and so be likely to have any detailed
knowledge of the expert domain. The rest of the crowd should be unaware of any Radiation Oncology ontology.
The question of the usefulness of crowd-sourcing in ontology verification will be addressed by allowing the public
and radiation oncologists to assess the quality of a Radiation Oncology ontology. The survey will characterise

people by medical qualification, oncological specialty, and experience with cancer.

The general public users of the Mechanical Turk survey will provide an insight into uninformed perceptions of
the Radiation Oncology knowledge structure, which should differ greatly from the survey results of radiation
oncologists. An adequate sample size should identify the authentic and the invalid or inadequate answers. The

deliberate use of deliberately reversed and disjointed statements will assist identification.

Since the Mechanical Turk attracts its participants by payment, the allocated funding will finance 175 partici-
pants. Our experimental design calls for crowd-sourced workers to be surveyed who, on completion of the first

20 questions, will be given an option to continue and so collect the full payment.

We believe that excessive data cleansing and small population samples have not provided a conclusive view of
crowd-sourcing capabilities [9]. By using a similar experimental protocol, we hope to demonstrate a contrary

view using a non-standardised ontology written by a domain expert in the area of Radiation Oncology.

2. The Motivation for the Project

The validation of medical expert domain knowledge structures is a problem because medical domain experts are

unfamiliar with the production and structure of the ontologies produced by informaticians [11]. The only known

L The history of “The Turk” can be found here. The modern electronic version is found here.
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example of an attempted knowledge structure by a domain expert did not fit the characteristics expected of
an ontology [1] but experience with an ontology editor, Fluent Editor 2> demonstrated that Controlled Natural
English could be used to produce an ontology. The statements, while not plain English, were sufficiently clear
to bridge the semantic gap between informatician and oncologist [12]. Following is a series of English Controlled

Natural Language (ECNL) knowledge statements about Radiation Oncology:

COMMENT: HOSPITAL AND MEDICAL.

Every doctor is a human.

Every doctor has-license[medicallicense].

Every medicaloncologist is a doctor.

Every radiationoncologist is a doctor.

Every radiationoncologist has-license[radiationlicense].

Every doctor is an institution.

Every hospital is an institution and has-license[hospital] and has-employed[doctor].
COMMENT: PATIENT.

Every patient is a human.

Every patient has-anatomy[anatomy].

This possibility of an ECNL bridge became the motivation for the project, where the development of a crowd-
sourcing system of polls could allow the validation of any ontology, but particularly this Radiation Oncology

ontology.

This experiment was undertaken as a summer project at the University of Wollongong with a structure of the
project that called for the authors to develop the industry standard skills of SQL, Google AppEngine, Memcache

HTML forms and CSS while developing the methodology to :

e investigate and quality assure the simple XML structure with the domain expert, parse items and sub-items

into relationships that maintain the hierarchy of levels and develop a list of tuples

e use the tuples of relationship in combination with text to develop a series of possible and reversed plain

ECNL statements that are displayed for human readers to select as most appropriate

e developed a Google Apps site which maintains a database for the recording of some simple characteristics

(professional, doctor, oncologist, radiation oncologist, cancer patient, radiotherapy patient) and the on

2 Fluent Editor 2 is provided for educational use by Cognitum Sp. z o.o.
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line survey tool with log in screen, memory for user return and completion, data storage of choices and

integration into Mturk.com

e the on-line community, Mechanical Turk, is used as a base for the attraction and registration of participants

while the website records their demographic details and answers

e data recording was constructed to attempt answers for some questions - what relationships are validated

3.

by the radiation oncologist? does any other group have a similar appreciation? Are there relationships
that have a contrary meaning in the non-radiation oncology community? The results of the surveys will

be reported separately.

The XML patient specification

The patient specification used was a hand crafted XML specification of a particular patient’s oncol-

ogy history. The specification is available in Appendix J of the thesis document available on-line

(http://ro.uow.edu.au/theses/3744 [1]). The specification was developed by a domain expert, but re-

mains unverified.

Listing 1. XML Specification of Patient Oncology History [1]

1 <0Organisation>

2

© 00 J O U = W

10
11
12
13
14
15
16
17
18
19
20
21
22
23

<Department>ILLAWARRA CANCER CARE CENTRE
<Doctor>ALEXIS ANDREW MILLER</Doctor>
</Department>
<Patient>
<PatientID>
<LastName>LOLLIPOP</LastName> * a pseudonym
<FirstName>LARRY</FirstName>
<Gender>
<Male>YES</Male>
</Gender>
<UniqueID>99999999
<Date0fBirth>32/13/1949</Date0fBirth>
</UniqueID>
</PatientID>
<Demographics>
<Race>CAUSACIAN</Race>
<Education>TERTIARY</Education>
</Demographics>
<BiologicalMilieu>
<Physiology>
<RenalFunction>
<CreatinineClearance>80
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24

<CreatinineClearanceAlgorithm>COCKCROFT—
GAULT</CreatinineClearanceAlgorithm>

4. Producing tuples from the XML specification

The XML code for the patient specification was parsed to exclude the instantiation of semantic entities and

reveal the imputed relationships between various entities.

<CreatinineClearance>

Listing 2. Parsed XML Specification of Patient Oncology History [1]
1 <0rganisation>
2 <Department>
3 <Doctor>
4 <Patient>
b) <PatientID>
6 <LastName>
7 <FirstName>
8 <Gender>
9 <Male>
10 <UniqueID>
11 <DateOfBirth>
12 <Place0fBirth>
13 <Demographics>
14 <Race>
15 <Education>
16 <Employment>
17 <Housing>
18 <BiologicalMilieu>
19 <Physiology>
20 <RenalFunction>
21
22

<CreatinineClearanceAlgorithm>

This hierarchical list was then parsed into tuples. A sample list of tuples in the form “PARENT:CHILD” is

provided in Table 1. These tuples are used to construct the statements in the survey.

5. Constructing the survey questions from the tuples

These tuples were then used to prepare a set of statements to be used as the multiple choice answers for the survey.

The answers are similar to ENCL statements. The tuples (PARENT:CHILD) are fed into a predetermined list of

text statements (e.g., for the first statement in Figure 1, “CHILD” 1S A TYPE OF “PARENT”) for the survey

with appropriate substitution. This allows the hierarchical objects to be assessed in many different types of

relationships in the survey. All the multiple choice answers were generated and saved as text files to be uploaded
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Organisation:Department
Organisation:Patient
Department:Doctor
Patient:PatientID
Patient:Demographics
Patient:BiologicalMilieu
Patient:Diagnosis
PatientID:LastName
PatientID:FirstName
PatientID:Gender
Demographics:Race
Demographics:Education
Demographics:Employment
Demographics:Housing
BiologicalMilieu:Physiology
Physiology:RenalFunction
RenalFunction:CreatinineClearance
CreatinineClearance:CreatinineClearanceAlgorithm

Table 1. Examples of Tuples derived from the patient specification

Which relationship best fits a Patient and an Organisation?

O Patient is a type of Organisation

O patient is a part of Organisation

O Patient is a part of an Organisation

O Each Organisation has Patient

(O Each Organisation has a Patient

® patient is served by an Organisation

O Patient is not a type of Organisation

O Patient is not a part of Organisation

O Patient is not a part of an Organisation

O No Organisation has Patient

(O No Organisation has a Patient

O patient is not served by an Organisation

O None of these

Submit

Figure 1. Web page appearance with standard options for the tuple “Organisation:Patient”
to the Google App Engine where the multiple choice answer pages were automatically generated and served to

users to await an answer. The user is required to select the most accurate statement describing the relationship

between the tuple. An example of the page is provided in Figure 1.
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Answer a short survey

We are conducting an academic survey about the general understanding of medical terms. We need to understand what you know abeut medical terms. Select the fink below to complete the survey. At the end of the survey, you will receive a code to paste into the bon below to receive credit for
taking our survey

Survey link: http:/coi-hs-survey.appspot.

Provide the survey code here

Template Note: In order to verify that the Waorker completes your survey, you may require the Worker to enter the code usually provided at the end of the survey from the survey website you use. You can also ask the Waorker to provide their Worker ID in the survey on the extemal site fo verify
the Worker completed the survey.

Submit

Figure 2. Example of the survey used on mTurk

6. Setting up the Crowd-sourcing environment

We opted to use the crowd-sourcing platform, Mechanical Turk. There are many other crowd-sourcing platforms
that offer similar features. In future work, we may assess the variability in results obtainable from different
platforms. The process of developing a microtask is straightforward. We designed a survey task on mTurk that
asked users to visit our custom survey application. On completing the survey users receive a unique code used
on the mTurk website to confirm that the user had completed the survey. An example of the survey has is in
figure.2.

A number of combinations of worker payment and request types were tried. Initially we opted to used master
workers. Master workers are workers that have been verified as being competent through the completion of other
jobs. We found through experimentation that these workers required higher payment, though often spent longer
completing tasks. Table.2 shows the average time and effective hourly rate of mTurk workers completing this

task.

‘Survey‘Reward per ta,sk‘No. Tasks| Tasks Complete‘Tasks Rejected ‘ Masters‘Average Time ‘ Average Rate‘

1 1lc 50 3 0 Yes 2m 57s $2.237
2 25¢ 50 3 0 Yes 5m 2s $2.90
3 50c 10 10 0 Yes 6m 9s $4.87
4 35¢ 20 6 0 Yes 3m 17s $6.39
5 40c 20 0 0 Yes NA NA

6 45¢ 20 0 Yes 9m 51s $2.74
7 45¢ 50 2 0 Yes 4m 39s $5.806
8 30c 50 50 2 No 6m 42s $2.687
9 40c 50 50 1 No 6m 55s $3.47
10 20c 50 50 2 No 6m 14s $1.92

Table 2. MTurk Survey
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]
7. Conclusion

From an educational point of view, summer projects have value for the research produced, for the development

of students and for the propagation of the academic area [13, 14].

This report describes a student project based on the use of crowd-sourcing to assist in the verification of an
expert domain ontology which is expressed in ECNL after derivation from a hierarchical specification of medical

knowledge in a crude XML format.

The website will be able to demonstrate the extent and agreement of public knowledge in the specialist domain
of Radiation Oncology. It also provides a mechanism to assess the public’s understanding of domain specific
terms to inform medical literature. The use of payment on Mechanical Turk enables the procurement of many
participants for a small outlay. In our acquisition phase, increasing the sum offered to 35 cents per survey
seemed to increase the uptake rate significantly. The framework developed can also be deployed to engage
domain experts without informatics knowledge to verify knowledge statements. While this is expected to be
the ontologically useful activity, it was hypothesised at the start that the offer of remuneration was unlikely to
influence completion by oncologists. Since this is a crowd-sourcing activity, involvement is voluntary and so no

cthics approval was required.

It is envisioned that the work will be extended in several ways. At present, the use of parent:child pairs is
simple. In future, we will assess responses to see whether eliminating unselected choices will increase the survey
process. The automation will also allow the concatenation of more levels to reveal more reasoning than the single

relationship seen already. This work is likely to engage domain experts more closely.

While entities such as ORGANISATION, PATIENT and DEMOGRAPHICS are easily defined and can be seen to be
connected, in a formal ontology there is a need for a relationship. In this work, the term is_a has been applied
generically to denote a connection, without dwelling on a more precise nature of the relationship. Modification
of the web site could ask for a user to define the relationship term that they believe connects two entities. This

would support another round of polling to determine the most acceptable terms.

The results provided by the website will be reported separately.

The natural language statements relating concepts are available on a website for verification, and readers are

invited to complete the survey at http://coi-hs-survey.appspot.com/ to contribute.
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