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Abstract

According to the Canadian Cancer Society, half of Ontario’s populaill be diagnosed
with cancer in their lifetime. Many patients being asse$sedancer however become
overwhelmed when having to manage information overload, many appointments with dif-
ferent instructions and locations, and recommendations on how to impevéféestyle.
This causes much anxiety and uncertainty among patients. Sonee assessment clinics
offer some guidance in the form of paper-bagatient navigatorswhich provide much
reliable information to patients but are limited in terms yiaimic updates to appoint-
ments, opportunities for sharing knowledge between healthcare providgyataents, and
of patients supporting each other.

This thesis proposes a new web-based, mobile, and user-fridrdigl patient
navigator application framework name@are Amj which incorporates the information
found in an existing paper-based navigator along with the new featucbsas remote
updates to personal care paths and calendars, personalized navigatioregsiuaitg of
symptoms/medications information, and peer group support. Unlike exsilaogons,
Care Ami is configurable to support multiple types of diseasgs (ung cancer and breast
cancer). This application is evaluated through testing and the ushgerisitic evaluation
guidelines related to usability, and a comparison with related wigikights its many

benefits.
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Chapter 1. Introduction

Despite the many technology advancements in healthcare, sh&irk & need to provide
tools that can improve the quality of patients’ healthcare presef®r instance, during
the diagnosis of a complex disease such as cancer, patientemrogaenuch friction and
anxiety during their journey. This thesis introduces a wietnal patient navigatorppli-
cation calledCare Amj which aims to improve patient experience during their healthcare
journey. This chapter expands on the thesis motivation, problem contexjoalsd The
selected research methodology is also presented. The thesis camisilamid an outline of

the rest of the thesis conclude this chapter.

1.1 Motivation

This thesis is motivated by the need to improve patient experatribeCancer Assess-
ment Clinic(CAC) of The Ottawa Hospita(TOH) and afThe Ottawa Hospital Cancer
Centre (TOHCC). During the assessment of patients for cancerp@egs that can last
several weeks, patients have to go through many tests andchenanage much infor-
mation, appointments, instructions, and suggestions. This can make patieat&ain
about what to do exactly, and can raise their fear of not being taken care of properly. Such
feelings are further amplified in patients who are anxious gsipally sick and disori-
ented. For lung cancer, the CAC currently uses a paper-hasédrsto guide the patients
throughout their multi-week assessment journey. This paper-based sotalied a pa-
tient navigator, has severe limitations in terms of real-tupeates (e.g., of test appoint-
ments) and interactions supporting the sharing of health informatisedepatients and
care providers.

Working in a real healthcare environment was another motivatiothifothesis.
This thesis results from a collaborative project conducted by the Univef€ityawa and
The Ottawa Hospital in which a prototype application for lung caassessment patients
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was developed. Working in a healthcare environment allows us to think relabpirob-
lems by taking into consideration the concerns and requirementsasftpatamily mem-
bers, nurses, physicians, social workers, and IT personnel.

Another motivation was the understanding of the limitations of exiséicignolo-
gies in that context, especialyrtual patient navigator applications that connect patients
(or their families) online through a web or mobile application and peorgtiable infor-
mation and interactions in support of healthcare journeys. Understandinnsitetfons
helps discover opportunities for improvement.

Lastly, a personal motivation related to the exploration of thgnatien of new

computer technologies in the healthcare system motivated me to work on this thesis

1.2 Problem Context

According to the Canadian Cancer Society, 50% of Ontario’s populatiidre diagnosed
with cancer in their lifetime, and around 25% will die of cancer {@ncer is one of the
deadliest diseases in Canada and can be very overwhelming fotidmspduring the
assessment and diagnosis of cancer, a patient has to undergotestgeaald consults (e.g.,
biopsy for diagnostics, staging, and others related to treatmeoh®)pover a period of
several weeks. Patients find such journey complex: they becomeaim@bout what to
do as they have to manage a significant amount of diversified iafmm complex ap-
pointments schedule (which may be changing), many instructioms f@sting before a
particular test, and finding where to get a test in a large ladspibd recommendations on
how to have a healthy lifestyle.

TOH’s CAC provides many services related to the assessmérdiagnosis for
different types of cancers (lung, esophageal, colorectal, aniapg-or lung cancer, the
CAC uses a paper-based passport [61] that provides reliable itifmmraad allows a pa-
tient to document his/her symptoms and medications. However, it dodgnarhically
adapt to the journey’s changes and does not allow any interactiorebetveepatient and
the healthcare providers. This barrier can introduce a feelifganfand uncertainties

among patients.
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1.3 Thesis Goals

The hypothesis explored in this thesis is that we can improve catteant state of practice
by developing a generalized web/mobile application (a virtual pateangator) support-
ing multiple diseases (even beyond cancer) that can monitor andpgtiieiets throughout
their diagnostic journey in the healthcare system and that caovenfire interaction level
between patients and healthcare providers. Our belief is thasaige of such application
can help reduce patient fears and uncertainties and improve thd pagealt experience.

The main goals of this thesis aiming to cover the research hypothesis are:

1. Identifying the technical requirements for a virtual patientgetar application

for the CAC,;
2. Designing and prototyping this virtual patient navigator application;

3. Evaluating the application.

1.4 Methodology

In order to conduct research effectively, there is a need to hanopear research method-
ology [50]. Since this thesis aims to develop an artifact (i.e., a virtual pateigator) in
a given context (i.e., cancer assessment), our selectedcreseethodology is inspired
from Hevner'sDesign Science Methodology in Information System (IS)

Hevner's Design Science Methodology targets the Information Techn¢ioy
field with the purpose of developing and evaluating IT artifactsliesa recognized prob-
lem [29]. This research process consists of a development phaae ewdluation phase,
which are at the center of the design science researchvicakdiustrated in Figure 1-1.
The artifact in design science is developed and evaluated based emvitomment and
knowledge base components. The environment component helps in finding the business
needs and their relevance; in our context, this environment is composeigofspphysi-
cians, and other CAC and TOH stakeholders. The knowledge base compdpenh he
providing the appropriate knowledge to design the system; this is iprpartied by ex-
isting patient navigation systems and by development technokgibsas Content Man-
agement Systems (CMS). The design science research methodasoggveral guidelines,

summarized in Figure 1-2.
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Environment |Relevance IS Research Rigor |Knowledge Base
People Foundations
*Roles Develop/Build *Theories
*Capabilities Theories *Frameworks
*Characteristics *Artifacts eInstruments

. : *Constructs
Organizations Business Applicable | o0\
*Strategies Needs Knowledge | .\ethods
*Structure & Culture @ Assess Refine @ *Instantiations
*Processes

- Methodologies

Technology Justify/Evaluate *Data Analysis
eInfrastructure *Analytical Techniques
+Applications +Case Study *Formalisms
*Communications *Experimental *Measures
Architecture *Field Study +Validation Criteria
*Development *Simulation
Capabilities

Application in the Additions to the
Appropriate Environment Knowledge Base

Figure 1-1Design Science Research Framework (adapted fromeéfet al. [29])

Guideline Description

Guideline 1: Design as an Artifact Design-science research must produce a viable artifact in the

form of a construct, a model, a method, or an instantiation.

Guideline 2: Problem Relevance The objective of design-science research is to develop
technology-based solutions to important and relevant

business problems.

Guideline 3: Design Evaluation The utility, quality, and efficacy of a design artifact must be
rigorously demonstrated via well-executed evaluation

methods.

Guideline 4: Research Contributions | Effective design-science research must provide clear and
verifiable contributions in the areas of the design artifact,

design foundations, and/or design methodologies.

Guideline 5: Research Rigor Design-science research relies upon the application of
rigorous methods in both the construction and evaluation of

the design artifact.

Guideline 6:
Process

Design as a Search The search for an effective artifact requires utilizing available
means to reach desired ends while satisfying laws in the

problem environment.

Guideline 7:
Research

Communication of Design-science research must be presented effectively both
to technology-oriented as well as management-oriented

audiences.

Figure 1-2Design Science Research Guidelines (adapted fromefiest al. [29])
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Figure 1-3 Thesis methodology

Based on the design science methodology, this thesis’ methodology, shiéilgara 1-3,

is composed of several steps.
Problem identification and motivation: in this step, the problems faced by pa-
tients during their assessment are identified.
Identifying existing systems:here, the features of existing patient navigator sys-
tems and their problems should be studied.
System requirementsthis step involves gathering requirements from patients, the
healthcare providers at The Ottawa Hospital, other CAC/TOkebktdders, and
the literature.
System developmentthis step focuses on the development of a virtual patient
navigator system that helps improve the overall patient experigmaeg the
healthcare journey of patients being assessed for cancer.
System evaluationin this step, the developed system is evaluated through testing
and the use (by the developer) of Nielson’s heuristic evaluatiolelques related
to usability [53][54]. Although a formal usability study involving reslers (pa-
tients, nurses, physicians, clerks, and administrators) would be Highgficial
here, this option was not followed due to the difficulties and time needed to obtain

proper ethics approval from the University of Ottawa and from TOH.
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Communication: this step involves sharing the research results by writingttbis

sis and research publications.

1.5 Thesis Contribution

The main research contributions of this thesis include the desigmafehmentation of a
new virtual patient navigation application nan@ate Amt. Care Ami was designed based
on the requirements identified during several meetings with &kelsdlders. This appli-
cation is designed for The Ottawa Hospital (a major teaching hospital ani@r@@anada)
and can support patients throughout their assessment and diagnosis. jSuippeyrting
multiple roles, including nurse/physician, patient, and clerk, this apjlic can be ac-
cessed from multiple device types (desktops, tablets, or mobile ph@hesgvaluation
also shows that Care Ami fits the collected requirementsrliette existing virtual patient

navigators.

1.6 Publications

As the methodology suggests early communication of the researdtsrehis thesis has
led to one conference paper so far:
Chandhoke, G.S, Grewal, A.S., Pathak, V., Singh, S., Ziabari, M.K., Amyot,
D., Mouftah, H., Michalowski, W., Fung-Kee-Fung, M., Smylie, J., and Shin,
S.: A Virtual Patient Navigation Application for Lung Cancer Asseent Pa-
tients. In: 7th Int. MCETECH Conference on e-Technologies (MCETECH
2017) Ottawa, Canada, May 2017. LNBIP 289, Springer (to appear) [11].

In this paper, in collaboration with Ajaydeep S. Grewal, Venus Ratrad Simrandeep
Singh, | developed and implemented the first Care Ami prototype, waigeted lung
cancer. Mir Kamyar Ziabari was responsible for performingumhtesting of this appli-
cation. | was the lead analyst and developer, and | was inecbétbe literature review.

L“Ami” meansfriendin French; this is meant to reflect the biling(&hglish/French) nature of TOH.
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This thesis substantially extends the paper’s work by generalizing theadipplifor mul-
tiple types of diseases, by performing testing covering tiigneaments, by using heuristic
evaluation guidelines to assess usability, and by providing refingdreenents, detailed

design information, many bug fixes, and several new features.

1.7 Thesis Outline

The rest of this thesis is outlined as follows:
Chapter 2: presents background about patient navigation systems, in¢heling
paper-based approach currently used at TOH/CAC, and about the DMfal
used to develop the Care Ami framework.
Chapter 3: discusses the main existing systems related ual\pdtient naviga-
tion, with a brief assessment of their features.
Chapter 4: presents the main goals and requirements for Card Aem, it dis-
cusses the application’s architecture and implementation.
Chapter 5: explains the usability evaluation (based on guidelines)amehl test-
ing used to evaluate the Care Ami framework. It also higtdigéteral challenges
identified along the way.
Chapter 6: provides a comparison between Care Ami and closelydretatgpet-
ing systems and discusses threats to the validity of this thesis.

Chapter 7: concludes the thesis and presents important future work items.

Note also that Appendix A describes the Drupal modules that edeteismplement Care
Ami framework, whereas Appendix B shows the permissions assignedch role
(nurse/physician, clerk, patient/family member, super-admagstrand administrator in

our case) in the application.
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Chapter 2. Background

This chapter provides important background information about patient nawigati
healthcare. It mainly focuses on a brief introduction to patient navigation, itsteeagt

its main types. Also, the paper-based approach used by The Gttepaal is briefly in-
troduced. In addition, this chapter presents the Drupal content mardgystem used to
develop the Care Ami framework proposed in this thesis. These background concepts will
help the reader better understand the remaining chapters of the thesis.

2.1 Patient Navigation

According to the American College of Surgeons:

“A patient navigation processlriven by a community needs assessment,
is established to address healthcare disparities and barriers to care for
patients. Resources to address identified barriers may be provided either
on-site or by referral to community-based or national organizations. The
navigation process is evaluated, documented, and reported to the cancer
committee annually. The patient navigation process is modified or en-
hanced each year to address additional barriers identified by the com-

munity needs assessment” [1]

A patient navigation systenautomated or not, supports a patient navigation process or
program. The first patient navigation program was introduced by Dr. Harold &nesam

his team in Harlem, New York. The main purpose of the system prbpaseto support
cancer screening for underserved populations [19]. The patient nawiganhcept was
formed based on the findings of tAenerican Cancer Society National Hearings on Can-
cer in the Pooyrwhich found that substantial barriers are faced by poor peopletryiren

to access healthcare services and that the available infonnfi@r cancer was not very
effective. Patient navigation was found to eliminate some barfaeex! by the patients

during the diagnosis and treatment of cancer [20][21]. Furtheerpaihvigation programs
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can assist patients in getting proper treatment of other chraseasdis along with can-
cer [21].

Patient navigation may also help providing information to the patiemqgpost dur-
ing their treatment, and assistance with survivorship issues $@8gral studies have
shown the positive impact of patient navigation programs on patients [6][23][35][45][56].

2.1.1 Benefits of Patient Navigation

Patient navigation programs are effective in helping pati@nisnproving their journey
through complex healthcare systems. The most common benefits of the patientoravigat
system include:

Improving patients’ education by providing information regarding thigignosis

and treatment.

Better interaction between the patients and their healthcare providers.

Improving timeliness and follow-up to diagnosis.

Providing social and emotional support.

Providing proper plans of care.

Improving patient satisfaction.

2.1.2 Types of Patient Navigation Systems

According to Canadian Partnership Against Cancer, patient navigation (PN)Syste
of three types: professional, peer-based, and virtual [43].

Professional Patient Navigation
In aprofessional patient navigatiaystem, the patient navigators are trained professionals
who possess broad knowledge about the healthcare system. In healdm@amaoagers
or nurses are generally described as patient navigators. ®threy used to describe the
professional patient navigator role include clinical coordinatorgerasupport nurse, fol-
low-up nurse, and cancer coordinator [16].
The role of a professional patient navigator includes helping théy niéagnosed

patients by informing and teaching them about disease-relatedddg®y helping with
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follow-ups, assessing patient needs, and providing special supporietapduring their
journey [17][18]. Professional patient navigation may provide better aotytiof care and
higher satisfaction to patients by providing them with adequate kdge/igbout their dis-
ease and proper plans of care. The involvement of professional patiggatoes during
the patient’s journey may also reduce the hospitalization duratioreaddd better emo-

tional quality of life [18].

Peer Patient Navigation
In apeer patient navigatiosystem, the patient navigators are community health workers
who share similarities with patients regarding their lagguaocial, and cultural back-
ground [15]. They are sometimes also callegl patient navigatorsThese peer patient
navigators are selected from the community and are trained undessoofal clinical su-
pervision [18].

A peer patient navigator is responsible for providing informal support, counseling,
scheduling of appointments, and screening tests follow-ups, and for hphtiegts by
arranging transportation to the healthcare destination [59]. Vastadges have shown the
effectiveness of peer patient navigation in providing continuityaoé,cand social and cul-
tural support to the patients [15][39][46].

Virtual Patient Navigation

A virtual patient navigatiorsystem connects patients (and their family members) online
through a web or mobile application and provides reliable health information and conven-
ient access to services while enabling patients and healthcare provideses timsg27].

Virtual patient navigators can be considered as an amalgamatmnofessional
and peer PN, but through a web or mobile application. The role of virtiiahpaavigator
includes providing: information about the disease and its treatmeme fmatients, proper
plan of care, emotional and social support, better interaction bepatent and healthcare
providers, and patient engagement. Studies have shown the positive imyaciabPN
technology on the patient’s healthcare journey [28][40].
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2.2 TOH Patient Navigation Approach

In the recent past, TOH used a systems approach to re-eniggnie@g cancer diagnosis
process in a way that improved the overall patient experiencelynhgireducing the total
wait time from referral to the first treatment [22]. In dobdi, TOH follows an approach
similar to professional patient navigation by providing a papesdy@asspor{61] (shown
in Figure 2-1}o the patients undergoing lung cancer assessment to support tbgauca
ney and to reduce their fears and uncertainties. This passpodgsanruch reliable infor-
mation about tests and medical terms, and it enables the patiesuBect information
about their medications, symptoms, appointments, questions for physittam&wever,
such paper-based solution cannot support a direct contact betweeretpeogaders and
the patient, nor it can adapt dynamically to changes in a patient’s journey. Atgpthis
paper-based solution, it would be difficult to provide additional featuels as map-based
navigation guidance (required in a large hospital), peer communidstaeen patients,

and support for decision making.

My Plan of Care
You may be asked to attend numerous tests and appointments. There are many tests that

Patient Passport

Treatment

=
NS ‘!i' Tests starts '\
el
Treatment ?
decision
Appointment

{*" :;Z’Lialist e f? A [=] i [m]

may be done to diagnose and stage cancer, however, not all patients will receive a diagnosis

of cancer.(See Glossary for more information):

BIOPSY (There are many types. Your doctor will decide which is the most appropriate)

Reason for test: Is this cancer? What kind of cancer?

You must be off some blood thinners for 5 days, so please let us know if you take this type

of medication).

Date [ Needle Biopsy

Instructions: You will need someone with you to drive you home and stay with
you overnight. Please arrive 1 hour before your appointment time.

-
% More tests :;"f' "".: How long is this test? 3 to 4 hours—home same day.
E Location: General Campus, Module X, 2™ Floor
P1024 ENGLISH (REV 11/2015) wwwottawahospital.on.ca/cancer Notes:
2
o S gle My Medication Record
P A 28l
ol 8E > Zle gl 3888 This form is to keep track of the medications you are taking. You should list any non-
S|E8 ele| gls|€|=|B|Fs| s )
|2 ELESE|ES E El2qnslE What did you do to prescription medications or therapies (vitamins, Tylenol, or herbal remedies), as well as
Date & E 55|& HEIE S g 3 § &E g relieve the symptom? prescription medications you are using, in this section.
Name of Time Advice for
Medication and | of day | Reason side effect
dosage instructions | taken | for taking Doctor Side effects relief

Figure 2-1Four sample pages from TOH'’s existing paper-based passport
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2.3 Drupal Content Management System

A content management system (CMS) is “a software packagetovides some level of
automation for the tasks required to effectively manage contentA[@MS is used for
developing websites quickly and allows users to publish, edit, and madifgrit of any
type. A CMS also allows users to create and reuse plugins proexiiegded functional-
ities. There exist a significant number of CMSs that ardesrin different programming
languages [42]. One of the most popular and successful open source c@tagement
framework isDrupal [14] . This CMS, written in the PHP language, is used to develop
flexible websites.

Background on Drupal is important because this is the technologgleted for
implementing the Care Ami virtual patient navigation application. mlaen features of
Drupal include:

Open source CMS- Drupal is a free open source CMS that allows users to add

multiple modules and plugins to a website.

Avalilability of functionalities — Drupal offer a large collection of functionalities

(over 35,000 modules) that make the development of websites efficiepalDas

three types omodulescore, contributed, and custom. Core modules are the neces-

sary modules that are required for basic functionalities of giesite. Contributed
modules are developed by Drupal’'s community members and can edhstan-

ually. Custom modules are the modules created by the administoftone web-

site based on required, specific functionalities.

Different content types— Content types contain multiple data types (fields) that

are used to add content on the website. Drupal core allows addiognieat on

the website using two content typesticle andbasic pageCustom content types

can also be created by the users and administrators.

Advanced user management Drupal supports role-based control of access to the

website. Multiple roles (or types of users) can be created onvéhsite and

read/modify permissions can be assigned to each one.

Security — Drupal provides built-in security that protects the websita tommon

critical internet vulnerabilities.
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Large community support — Drupal enjoys the support of a large community that

helps administrators in getting documentation and answers to questions.

2.4 Chapter Summary

In this chapter, basic terminology used in this thesis was preseagether with infor-
mation on patient navigation systems, including their benefits and common types. The ex-
isting paper-based approach used by The Ottawa Hospital walissdiassed, and the Dru-

pal content management system was briefly introduced. The nexechalptreview and
characterize existing literature on web-based and/or mobile-bagdidations for virtual

patient navigation.
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Chapter 3. Literature Review

This chapter provides a literature review of virtual patient redMag systems in healthcare.
Relevant and valid scientific papers as well as commesoiations were searched and
selected systematically. The review is done by examiningxtsting patient navigation
systems that use technologies (web or mobile based) to reducs festie and uncertainty
thereby improving the patient experience. The eight selectedagms are compared and

summarized as well.

3.1 Literature Review Methodology

Our review methodology is inspired from the systematic literateweew approach for
software engineering developed by Kitchenham et al. [41]. Inemigw methodology, the
five steps shown in Figure 3-1 are used to gather most of thmgxistual PN approaches
relevant to our research. In the following subsections, the stedsirusenducting the

literature review are discussed in details.

3.2 Finding Keywords

This research investigates the online-based patient navigatiomsybi# can improve the
experience of patients during their healthcare journey. Througtethgve exploration of
papers, important keywords used for querying scientific databasesfeund to include:
virtual patient navigation, web-based, patient advocate, healthcar@tarattive. We

used common technical and medical databases in this review: Scopus (which cokers IEE
Xplore, ACM Digital Library, Springer, Elsevier, and others), WelScience, Medline
(Ovid), ProQuest, and Google Scholar. Google’s regular searcheengm also used to

find additional information about related commercial systems.

Chapter 3. Literature Review 14



[ )

Figure 3-1 Steps used in conducting the literature review

3.3 Searching Queries

The abstract query we used is:

This abstract query was tailored to the specific syntax ani@tions of each search engine.
Furthermore, Google Scholar was searched based on titigastihere is no way to search
abstracts on that engine), Medline (Ovid) was searched using abstractnonilye other

databases were searched using abstracts and titles. No time limit arag@nf

3.4 Gathering and Filtering Relevant Papers

The query resulted in 99 unique scientific papers. Many irrelevadrpavere quickly
removed based on titles and abstracts through exclusion cripiars unrelated to patient
navigation in healthcare (many were about robotics for surgery)cappts for helping
healthcare providers only (instead of supporting patients), papemsdt@ajust abstracts
or posters, and PN systems that were professional or peer-based (not virtual).

The 6 remaining papers were reviewed again by going throughrtreduction,

results, methods, and conclusions in detail. This quality assesseeritisher reduced
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the number of relevant papers to 4 scientific papers. Additionafgya@op commercial
systems were also selected to be reviewed. 2 systems [3@4A8]dentified from the top
results returned by Google when searching for

and one system [7] was explicitly mentioned by The Ottawa Hospital collatsodandng
one of our meetings. That commercial system had no scientificcptibh related to it,
hence it was not found by our query.

An additional backward chaining step was used, which consisted in lookimg at
references of the 4 scientific papers (plus a survey paper) for includingpadbiglevant
systems. As a result, we added another virtual PN systemsabiiyy System [24], for a
total of 8 papers. How we gathered and selected the relevant papers is summaiged i

ure 3-2.
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Figure 3-2Workflow diagram summarizing the gathering and selection of papers
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3.5 Collecting Data

The relevant papers included in the review are shown in Table 3-1. They include the sci

entific papers as well as the commercial systems related to virtuahtpadivigation.

Table 3-1Relevant systems related to virtual patient navigation systems

ATEE System Name Sea_r & Year References
Code Engine
P1 Oncology Interactive Navigator (OIN) Scopus | 2013 [44]
P2 Lupus Interactive Navigator (LIN) Scopus 206 [51]
P3 A web-based portal to improve patierProQuest, 2014 [31]
navigation
P4 Accenture patient navigation Google | 2013 [32]
application
P5 Patient navigator by MobileCare247 Google ~2012 [48]
P6 Gabby system — Reference 2013 [24]
Virtual patient advocate
P7 Project RED — Google | 2010 [5][33][34]
Virtual patient advocate Scholar
P8 Diagnostic Assessment Program +— Google | 2011 [7]
Electronic Pathway Solution
(DAP-EPS)

Virtual patient navigation (VPN) helps in simplifying treatmenbcesses, services, and
potential barriers of the patient journey [43]. The increasingofiseich technology in
healthcare can also result in improving patient quality of lifesaffdcare, patients spend-
ing less time during their health visits, and patients having clearer expesti@6].

In 2013, a web-based interactive tool cal@atology Interactive NavigatqOIN)
was developed for patients suffering from colorectal cancermnagldnoma (skin can-
cer) [44]. OIN was the first patient navigation tool developed ina@anThe purpose of
OIN was to create awareness among patients along with prowidjhgyuality, evidence-
based information concerning their diagnosis and treatment, psychaatjastment to
cancer, and community supportive care services. Haase et al. stav@dtients were
pleased with the comprehensive informational support and were beconsintg fesident
on healthcare providers [28].

Based on OIN, another virtual navigation tool callegbus Interactive Navigator

(LIN) was developed for patients suffering from Lupus in order to geowptimal care
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and to enable patients to self-manage their disease. The purpolb¢ whs to engage
patients and provide high-quality evidence-based information, managmgisys and
medications, accessing community support services, and providing infonnadibut in-
corporating a healthy lifestyle [51]. Also, a survey conducteddwillé et al. showed that
the patients were pleased by the use of a web-based tool thatesmto use and highly
accepted for providing high-quality credible information about theeate and medica-
tions, and self-management of their disease [51].

A mobile application prototype was developed by Accenture to overcomerba
to treatment, guide patients to care and improve healthcare outf@2he&ccording to
Horowitz, the purpose of this application was to help the patient naxsgat providing
healthcare services to the patients and in reducing patient ammassl emergency room
visits. In addition, theéMobileCare247team developed a patient navigator tool to ensure
the well-being of patients by providing them with knowledge and support [48].

In 2014, a web-based application was developed by Highfield and Haiks to
prove the patient navigation of patients in underserved communitiesT[8nain focus
of this web-based tool is to meet the needs of patient navigateesving underserved
populations and providing them access to low-cost and free healtheaterds like hav-
ing a bilingual website and finding nearby clinics have helpedg#tient navigators in
providing healthcare access to the underserved population [31].

With the use of technology in patient navigation, additional support and infor-
mation is provided to the patient [40]. A virtual patient advocate/atstigcalledGabby
Systenwas developed at the Boston Medical Centre. Gardiner etsakiloe it as a com-
puterized animated character that is claimed to reduce prextmmceisks among
women [24]. Gabby System uses a virtual avatar character raaidsy which provides
women information about such risks and helps them bring positive chiantyesr life.
Further, survey results have shown that the Gabby System was easy td te@ble by
women with low literacy [24].

Another virtual advocate systeroject RED was developed by the Boston Med-
ical Centre to improve the overall patient safety. Projed R&es a virtual avatar character

namedLouise which was developed for reducing the rate of re-admissions to thiahos
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by providing high-quality information to the patients about their disease andthbms-
cessity of incorporating a healthy lifestyle. The purposBroject RED is to educate the
patients by providing them with high-quality information, and providing dastharge
guidance plan [33][34]. Additionally, Project RED supports multiphgyieages to help pa-
tients from different cultures. A survey has shown that Proje@ R capable of reducing
the overall rate of hospital re-admissions [5], thus improving therpat overall experi-
ence.

Developed by Cancer Care Ontario, Ehagnostic Assessment Program Electronic
Pathway Solutionor DAP-EPS [7], helps patients navigate through their diagnastie |
ney. With the explicit support for lung and colorectal cancer?{ERS provides a path-
way to patients from screening to staging stages. Additioniatiffers support for multiple
languages (English and French).

3.6 Comparing and Summarizing Data

In this section, the existing virtual navigation approaches, shown in Table 3-1ltese-ca
rized and compared. The categorization is done based on ten cAterd () that corre-
spond to the high-level requirements for Care Ami (to explained furthlee next section,
especially in Table 4-2), plus one more criterion corresponding to the validaten le
Whetherinformation about the diagnosis provided (Al) — the value is set to
yesonly if the details about the diagnosis or treatment are provided by the sys-
tem.
Whetherpatients are engaged the system (A2) — the value is set to yes only
if the patient is allowed to input her/his information (regardimgrtmedica-
tions, symptoms, and questions) into the system.
Whetherfollow-up plans during/after the assessmarg provided (A3) — the
value is set tgesonly if the system enables the healthcare provider to book an
appointment for the patient, with email reminders. The value i® s¢t if the
healthcare provider can follow up with the patient through any otleans of

communication.
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Whetherrole-based access supported (A4) — the value is seyasonly if the
system ensures that information can be read/written only by specific roles.
Whetherpeer supports provided (A5) — the value is setytesonly if the sys-
tem provides support to the patient during their healthcare journey.
Whethermapsare displayed (A6) — the value is setygsonly if maps (e.g.,
Google Maps or static/bitmap/PDF maps) to buildings and roonistageated
into the system. The value is set to +/-if only textual dioestito reach the
healthcare providers are provided.

Whetherhealthy lifestyle information during/after the treatmésntprovided
(A7) — the value is set tgesonly if the system provides information regarding
incorporation of healthy habits into a patient’s life.

Whether the interface supponsiltiple languageéA8) — the value is set tes
only if the system supports more than one language.

Whethermobile devicesire supporte@A9) — the value is set tgesonly if the
system supports mobile apps or mobile web browsers.

Whethemultiple types of diseasasesupported (A10) — the value is sety&s
only if the system supports more than one disease, +/- if only the infrastructure
to do so is there, amb otherwise.

Validation of the application — the value is sety&sif there is some validation
regarding the implementation and usefulness of the system, théerd is an

implementation only, ando otherwise.

As shown in Table 3-1, the oldest system related to virtualnpatevigation is P7, pro-
posed in 2010. The technology-based patient navigation approach is stringnaind re-
search on that topic is still ongoing.

The comparison results are summarized in Table 3-2, where grestisfactory,
yellow is partial, and red is unsatisfactory. Article P3 andiesot exactly online systems
for patients only, as they target human patient navigators whortherfguide the patients
through their healthcare journey. The other articles (P1, P2, P57Pénd P8) focus on
patients by providing them with reliable information about diagnasddraatments. The

systems in articles P1 (OIN) and P2 (LIN), which are basesimifar technologies, lack
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the engagement of patients and do not include any feature to providetioagigaaps,
treatment plans, and support for multiple languages. Also, in arRéld&abby) and P7
(Project RED), which are developed by the same institution (Bosezhdsl Centre), the
VPN systems engage the patients in the applications. Howkgse, $ystems lack support
to the patients and do not allow different roles (e.g., physiciasgnatc.) to access the
application. Lastly, the DAP-EPS solution in article P8 coversitjeest number of re-
guirements among all existing systems, but lacks support forspgeort and maps to
rooms (during appointments). In a nutshell, most systems targetdhag of reliable in-
formation about diagnoses and treatments. However, features for pgop&tn support,
navigational maps, and support for multiple type of diseases areigfiered. In Sec-
tion 6.1, these patient navigation systems will be discussed moregbyeai the context

of our Care Ami framework.

Table 3-2Related work
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P1 Yes No No Yes | Yes No Yes No Yes | Yes | Yes
P2 Yes No No Yes | Yes No Yes No Yes No Yes
P3 No No No Yes No +/- No Yes | Yes No Yes
P4 No Yes | Yes No No +/- No No Yes No No
P5 Yes | Yes | Yes | Yes | Yes No Yes No Yes No No
P6 Yes | Yes +/- No No No Yes No Yes No Yes
P7 Yes | Yes +/- No No No Yes | Yes No No Yes
P8 Yes | Yes | Yes | Yes No +/- Yes | Yes | Yes | Yes | Yes

3.7 Chapter Summary

In this chapter, we identified existing systems related toalipatient navigation. These
systems were briefly discussed, evaluated, and compared. Alinpsivadie information
to the patients about their diagnosis and about incorporating heddstyle practices.
Only a few, however, support multiple diseases, multiple languagessyjg®ort, and in-

tegration of navigation maps into the application. According to TableP8-2DAP-EPS)
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currently covers the highest number of requirements mentioned tior58®G. But some
gap remains, especially as we get into the specifics of low-level eaugrts.

The next chapter presents the goals, architecture, design, asthiempation of our
proposed VPN application, Care Ami, including many of its unique features.
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Chapter 4. The Care Ami Application Framework

This chapter presents and discusses the goals, requiremdmtecture, and implementa-
tion of our proposed application framewo@are Ami The termframeworkhere refers to
the ability of generalizing support to multiple applications eixample, many diseases or
types of cancers. In addition, this chapter explains several techrdg@ogyons made dur-

ing the design and implementation of Care Ami.

4.1 Issues and Goals

As discussed in the problem description and in Chapter 2, various psoaterfaced by
patients during the diagnosis and treatment of their diseasent® often lack proper sup-
port and they have to keep track of many appointments and various information that make
their healthcare journey very complex, especially as many stiemigaare sick and anx-
ious. Also, as discussed in Chapter 2, the paper-lpsssportsolution provided by The
Ottawa Hospital reduces some fears and uncertainties offsati¢dowever, this passport
is not able to adapt dynamically according to changes in enpatjourney and does not
enable a direct exchange of information between the patients anelaitiecare providers.
In this context, there is a need for an online application that befipods patients during
their diagnosis and treatment.

In this research, our proposed application, Care Ami, aims to ovetbengsues

mentioned above. The primary goals of Care Ami are shown in Table 4-1.

Table 4-1Primary goals of the Care Ami application framework

Goal ID Goal Description
Improve the overall patient experience, reduce uncertainty, and re-
Gl .
duce fears of not being taken care of/about.
G2 Improve interactions between patients and nurses/physicians.
G3 Provide a generalizable framework as a clinical care supgparin
various contexts.
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4.2 Requirements

The ten high-level requirements used to compare the existinghiN systems (in Sec-
tion 3.6) were refined into 23 sub-requirements identified by discusginghe Care Ami
stakeholders (first for the lung cancer assessment, and thgarferal diseases) and by
examining the literature. Table 4-2 shows the requirementg aldh their sub-require-
ments and corresponding goals. These requirements were validated duerej meet-
ings with physicians and nurses (co-authors of [11]), who were ralguch with infor-
mation technology personnel, patients, a social worker, and patiantgy fnembers at
TOH. One more high-level requirement (A11) is about security amdqyris identified as
these concerns are very important in a healthcare context. Howe\erdoes not fall
within the scope of our study, especially as these concernsaadly addressed by the
components selected and then later by the integration with the hospitaksrudtare.

Furthermore, for our proposed application, several roles werefidegntnamely
patients, hospital clerks, nurses/physicians, site administfgtgrs for lung cancer), and
super administrators (for the computing infrastructure), each hévaigown read/write
access privileges to the application. Table 4-2 also shows how reguie contribute to
the goals identified in Table 4-1.

Table 4-2System requirements

High-Level Req.

. Sub-Requirements Goals
Requirements ID
12 | List the major symptoms of the disease. Gl
Al - Provide
information about the[ 13 | Provide essential and reliable information about  G1
diagnosis and the diagnostic plan.
healthcare
providers 1. Provide information about the medical staff G2
[25] involved in the patient's management.

Provide different features for patients to document G2

A2 - Support patient| 1( | their medications, symptoms, and questions.
engagement

[30]

1, Provide a visual indication and description of a p&1, G2

A3 - Provide a tient’s stage of treatment.

follow-up plan
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High-Level

Req.

: Sub-Requirements Goals
Requirements ID
1* Provide a calendar that contains information abo@1, G2
the tests and appointments of the patient and the
exact time and date of the appointment/test in ad-
dition to a description of the test that will be taken.
14 Provide a mechanism to import the calendar conG1, G2
tent to personal calendars.
15 | Provide clerks with the means to revise and updad, G2
the content of the calendar.
1$ | Send an email notification to the patient when anG1, G2
appointment is booked.
126 | Send a reminder email two days before each testG1, G2
or appointment.
122 | Provide an editable profile for each user. G3
A4 - Enforce 123 P_;owd:ngafgztu?i the relevant type of access, G3
role-based access [58] vVIew, ures.
12. | Provide permissions to patient users to cancel theiG3
account at any time.
12( | Provide a private peer network of other patients G1
being diagnosed, to help them interact with and
A5 - Create a peer support each other.
support group [62] | 12, | Provide the contact information of reliable suppprt G1
communities for the target disease.
12* | Provide a map to the hospital floor where the test G1
or appointment will be held, with an indication af
the room.
A6 - Display maps | 124 | Provide hospital parking information. G1
integrated with
appointments [60]
125 | Provide information about how to get to the Gl
hospital using public transportation.
Provide reliable informative and videos about hpw1, G2
A7 - Provide infor- | 12¢ | to maintain a healthy lifestyle during the patient/s
mation about a healthy journey.
Lifestyle [63]
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High-Level

Reg.

and privacy

: Sub-Requirements Goals
Requirements ID
Provide information in the relevant languages Gl
A8 - Support official 136 | (English and French for TOH).
Languages [10]
Support Android and Apple iOS mobile phones| G1
A9 - Support 132 | and tablets.
different screen size
devices
133 | Support multiple sections, one for each type of| G3
Al0 - Support disease.
mu'gipslgggs of 13. | Provide patients with the ability to share their inf G2, G3
formation with nurses/physicians and between
multiple sections.
. Protect users and data against common security G3
Al1l - Ensure security, . .
attacks and privacy leakages, and comply with fel-

evant regulations.

4.3 Care Ami Architecture

In order to meet the system requirements mentiam@a@dble 4-2, a multi-tier architecture
was used for Care Ami, as shown in Figure 4-1. @hthitecture shows the overall struc-

ture of components (and sub-components), theisliakd specific technologies used in

our implementation.

* Clerk
* Site administrator
* Super administrator

Presentation Tier Logic Tier l Data Tier
Web Server ]
® % (Apache v.2.4.17) ~racH
cMmS ' Fetch/store data
@ HTTPS (Drupal v.7.52) with PDO Database
* Patient/Family (My SQL
+ Nurse/Physician « Drupal Core (core modules, V.5.5.

themes, plugins, etc.)
* Modules (contributed and custom)
* Responsive theme

My

48-37.8)

AN

The functions of the three tiers of the architeetare described in the following subsec-

tions.

Figure 4-1 Care Ami architecture
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4.3.1 Data Tier

In the data layer, a database management system (MySQL V3A8&8ere) is used to

manage and store the information in the form of multiple tablgare 4-2 shows the main

tables that are stored in the database, and are defined below.

Figure 4-2 Overview of the tables in the MySQL database

1. Tables storing Drupal’s main content: These tables store thnafion of the
Drupal core’s content, which includes users, user-roles, menus, taxonom
terms, nodes, page-content, etc. This content is multi-lingual by default.

2. Tables storing notification and reminder content: These tablesgadhe in-
formation related to the notification and the reminder emails.

3. Tables storing view content: These tables contain the informatrstviewed
by multiple users of the website (appointment, patient’s informatocessed
by nurse/physician, etc.). They also have tables storing the iatiomof ex-
ternal CSS classes created for the design of the website.
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4. Tables storing webform content: These tables have the information that is doc-
umented by the patients related to their medications, symptoms, and questions.
5. Tables storing language content: These tables store the atfomof the web-
site in both official languages, English and French.

Drupal (version 7.52) uses the Drupal 7 Database API to interactlgiwith the database
system. This Database API is based on object-oriented desigeptemand provides good
security checks as well. To perform interactions between Damgblhe database, the Da-

tabase API useBHP Data Object¢PDO) as a serialized means of communication.

4.3.2 Logic Tier

In the logic tier, a web server hosts the Drupal CMS and titevath users’ web browsers
in the presentation tier via secure HTTPS communication. In oyrngasge using Apache
v.2.4.17 as a web server and Drupal v.7.52 as a CMS. Drupal 7 was favoredupsdr8Dr
because of the large selection of reliable modules availabigyniai version 7 but not for

version 8. The components of Drupal are: (1) Drupal core (2) External moduled€s)

nal themes.

< +
+
+
7+
/I 0 +
I+
+

Figure 4-3Drupal core architecture

Drupal Core: The core has all the necessary files thateqrered to provide the
basic functionality of the CMS website. The Drupal core componeatsigh-

lighted in Figure 4-3.
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a. Common Libraries — They are the files (mostly JavaScriptG®8 files)
that are crucial to design and maintain the website.
b. Default Themes — They are the core themes that provides stytesweb-
site. By default, Drupal 7 provides four core themes, namely:kB&even,
Stark, and Garland.
c. Default Modules — Drupal Core’s default modules provide the basic func-
tionality of the website and are required to make any Drupal website work.
d. Drupal Core APIs:
i. Entity APl — This API handles the entities and their properties.
There are three entity types, namely: (1) Node (2) Users (3) Taxon-
omy. Nodesare content types each having a bundle of fields. By
default, there are two type of content type: basic page ancearticl
Drupal allows the creation of custom content type as wellnmvith
tiple custom fields as shown in Figure 4sersallow to create
multiple users on the website, where each of the users can be as
signed different roles and permissiomaxonomyhelps in organiz-

ing the website’s contents by tagging and classifying them.

Figure 4-4Nodes in Drupal

ii. Fields APl — Using this API, custom fields can be added to any Dr
pal entity type (users, node, etc.). This APl also manages thregstor

fetching, and viewing of the field data.
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iii. Form API - This API provides forms to a Drupal website used to
capture user’s responses in a simple and secure way.

iv. Menu API — This API helps with the navigation of the website by
allowing one to create menu links pointing to different routes or
URLSs of the website.

v. Blocks API — Using this API, different content of the website loa
configured as blocks. This API allows one to display those blocks
to different regions (e.g., header, footer, sidebar, etc.) of thaeteiebs

vi. Database API — This API allows to perform the interaction betwee
the Drupal and the database system. The Database API in Drupal
minimizes the need to write complex SQL queries to manage and
fetch data from the database by using PHP’s PDO as a rokans
communication.

vii. Schema API — This API allows the modules to create, modify, and
delete tables in the database.

External Modules: They provide additional functionalities to the Drupsdsite.
They are either contributed modules, which are created by the Brapadmunity
members and can be installed manually, or custom modules, whicteated by
the administrator based on the required functionality. Drupal modudegritten
in the PHP scripting language and require PHP functions nhowdto interact
with Drupal and extend the functionality of other modules. The anatomipnf-a

pal module is shown in Figure 4-5.
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Figure 4-5 Anatomy of a Drupal module

External Themes: They enhance the visual style of the apphicdine base theme
selected for this application is tReofessional Theme 7.x-2.05 [57]. This respon-
sive theme can automatically adjust the web pages and menuteterdiscreen
sizes (for desktops, tablets, and mobile phones). The anatomy of a Derrpalis

shown in Figure 4-6.

Figure 4-6 Anatomy of a Drupal theme

4.3.3 Presentation Tier

In the presentation tier, there are multiple users, includingahents (and their family

members), nurses/physicians, clerks, site administrators, anchglafierstrators, who can
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access the application on their devices. Care Ami is a weld-bppécation that only needs
internet access to run on the web browser of a device. Isafgmrts multiple devices,
such as desktops, tablets, and mobile phones. User requests are pimctssacb server
that provides files to the users and are then rendered on the web browser.

4.4 Implementation

For the implementation of Care Ami, different technologies were studied and edaluat
order to meet the system requirements mentioned in Table 4-2.aFkavaScript-based
client framework to develop mobile and web applications, Aurelian8$ studied. Next,
a tool to develop cross platform mobile applications using C# progmagnlanguage,
Xamarin™ [64] was evaluated. Then, a JavaScript-based MEAN stack [47¢avessd-
ered. However, based on the system goals and requirements of haejogliaation with
role-based access and having multiple sections to support mul&pbesds, it was decided
to move towards a Content Management System (CMS) based solutennsbea CMS
already provides such basic features. Among popular CMS solutionsaswordPress
and Joomla! [12]Drupal [14], a feature-rich and community-supported free solution, has
been selected. This choice was strongly influenced by the coltedvovéth The Ottawa
Hospital and the University of Ottawa, since both institutions usgdD for their web-
based content management and hence could provide proper maintenanderacel sq-
port after deployment of Care Ami.

In the data tiellySQL(version 5.5.48-37.8) is used as a database system. MySQL
is a free, open source, and reliable solution here [49]. For thetlegiApache(version
2.4.17), again a reliable and free solution, and the most popular serverlateithet [2],
is used as a web server to host the Drupal CMS. The 132 moduldsyuSace Ami that
provide important additional functionalities to the basic Drupal site ard list&ppendix
A. The Care Ami prototype was first developed as one site thatsaplyorted lung can-
cer [11]. In thesis, in order to make it generalized by supportingipieutiseases, sections
for breast cancer and prostate cancer were also added.

The implementation of the main features of the Care Ami fwasrieare discussed

next.
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4.4.1 Documentation of Health-Related Information by Patients

Care Ami provides necessary features for patientfotument their health-related infor-
mation, for their personal records or to shareithwurses/physicians remotely. In the
patient account, there are three pages in whighadaie document their health information:
My Symptoms (Figure 4-7), My Medications (Figur&y-and My Questions (Figure 4-9).

My Questions

Date Question Answer Edit Delete
How long is the medication .
Thu, 02/23/2017 2 months edit Delete
process?
Wed, . . Take Tylenol when pain becomes .
Why am I always in pain? edit Delete
02/22/2017 uncontrollable
10f7 next>
My Questions

Submitted by uottawa on Wed, 11/02/2016 - 21:56

This form is to keep track of your questions.
Date * Mar 5 156 5 2017 % [
Time* | Hour% : 00 4@ am pm

Question

Answer

Submit

& Print This Page

Figure 4-7 My Questions page
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Symptoms

Others, please

Date Symptoms K
specify
Thu, * Anxiety
02/23/2017 « Diarrhea
« Pain
» Fatigue
» Shortness of
Wed,
Breath
02/22/2017
+ Nausea
« Vomiting
« Loss of Appetite
« Pain
Sat, 02/11/2017 .
« Insomnia

10f4
Record My Symptoms

Submitted by uottawa on Wed, 11/02/2016 - 20:53

This form is to keep track of the medications you are taking.
Date* | Mar % 15 & 20174% [

Time* | Hour % : 00 $© am pm

Symptoms
Pain
Fatigue
Shortness of Breath
Anxiety
Insomnia
Numbness
Nausea
Vomiting
Diarrhea
Constipation
Loss of Appetite
Red spots in mouth

Other

What did you do to relieve the symptoms?

Submit

What did you do to relieve the
symptoms?

Taking pills

nothing

next»

Edit

edit

edit

edit

Delete

Delete

Delete

Delete

Vz

Figure 4-8 My Symptoms page
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Medication Webform

Name of Medication and Dosage Reason for

Date Time . )
Instructions Taking
Mon, 4:23
Advil Headache
02/13/2017 pm
Sat, 2:03 )
Advil Fever
02/11/2017 pm
Thu, 5:26 -
Tyrenol Pain

12/22/2016 | pm

«first < previous
Record My Medication

Submitted by Anonymous (not verified) on Sat, 02/11/2017 - 14:14

This form is to keep track of the medications you are taking.
Date* | Mar %15 %| 2017 % 7
Time* 6 &% : 04 % am © pm

Name of Medication and Dosage Instructions

Reason for Taking

Doctor

Side Effect

Advice for Side Affect Relief

Submit

= Print This Page

Side Advice for Side
Doctor
Effect  Affect Relief

Dr John NA NA

Dr John Nothing | N/a

Dr Felt
Mike | sleepy

il B2

Edit

edit

edit

edit

Delete

Delete

Delete

Delete

N

N

Figure 4-9 My Medications page
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All these pages are very much similar in their structurshag/n in Figure 4-7, Figure 4-8,
and Figure 4-9. On each page, there is a form in which the patient can input heath-relat
information. Another block view displays the previous inputs of the patieragabular
format by fetching the data from the database. Previous inpubecasualized, edited, or
deleted.

In My Symptomsa patient can record the symptoms, date, and precautions taken
during the diagnosis of their cancer.Nty Medicationsa patient can record medications
and dosage instructions, time when the medication is taken, the ndheedufctor who
prescribed the medication, the reason for taking this medicati@ide effects, and advice
for side-effect relief. ThdMy Questiongeature is more of a personal record page in which
the patients can record the questions that they have to supporsitissusith the physi-
cians/nurses during their next meeting or over the phone (so patentt forget these
guestions). The patients can even record the answers to those quat@olater date if

required, by editing the question.

4.4.2 Role Based Access Control

One important benefit of using CMSs is that they support role-basedsacontrol out of
the box. In Care Ami, there are five different roles and eaehhad its own permissions
(which are shown in detail in Appendix B) based on the requiremenésieall from the
framework’s stakeholders. The different roles in Care Ami are:

1. Patient/Family Members — they are capable of documenting healtmatfon
(symptoms, medications, and questions), view test/consultation appointments
on the calendar, and modify their accounts. Additionally, they can adahpati
personal information such as age, height, weight, health insurance nutober, e
in the patient profile.

2. Clerks — they are responsible for adding new patients and assigning the type of
disease (cancer). They can also edit and delete patient acdouadklition,
they can create, reschedule, or delete patient appointmentstdhed serrent

stage of a patient’s healthcare journey along the care process.
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3. Nurses/Physicians — they have the ability to view the (sharéenps infor-
mation, e.g., about symptoms and medications.

4. Super Administrators — they are responsible for configuring andtanang
the Drupal server itself, and its modules. They have full access to Care Ami.

5. Administrators — they also have the full access to the webaigpethat they
cannot view patient information. Administrators can also configure and-m

tain the Care Ami framework.

4.4.3 User Interface

To provide the good visual style to the application, an elegant Drugraktls required.

The Professional Theméversion 7.x-2.05) [57] was selected as the base theme for the
application. This is a free, responsive theme that automatichiligta the screen size (e.g.,
the menu bar) based on the device (desktop, tablet, or mobile phone) asrskagume
4-10. Additional CSS code is also written to enhance the style fdahéhe front page,

menu block on every page, and progress bar.

Care Ami

Lung Cancer

Figure 4-10User Interface of different screen devices: (1) desktop (2) tablet (3)anobil
phone

4.4.4 Support for Multiple Diseases

Care Ami is a general application framework that can inciudiiple sections each sup-

porting one disease. In this thesis, Care Ami supports lung candeplaceholders for
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breast and prostate cancers. Other types of diseases, everedricetaincer, can be added
by creating a new section on the website. When a user ldgstle application, he/she
will view the relevant, subscribed sections. For example, ifisee has access to lung and
breast cancer, then only the lung and breast cancer sections will be displayedy@m
Figure 4-11.

Different sections have their own private information as wel. &xample, a pa-
tient’s information (medications, questions, etc.) for the lung casesion is stored sep-
arately and is only visible in the lung cancer section. Howeaanon calendar to view
the appointments of all types of diseases for a patient is shared acrossadtibns.

Users who do not have access to one type of section are notcatlowsit that
section. Still, extending the common functionalities of the websit¢her sections is also
a very easy task. It only involves three steps for a new se¢tiploning the node (2)
Changing the URL alias of that cloned node (3) Setting the refeterthe particular type
of disease. For example, to implement the common functionalitigfMedication” in
the breast and prostate cancer sections, there are thre¢t€pening “My Medication”
in the lung cancer section twice, (2) Changing the URL alias of the cloned tootlean-
cer/breast/medications” and “/cancer/prostate/medication#fiédsreast and prostate can-
cer sections respectively, and (3) Select the referenceseast and prostate cancer such
that these pages can only be accessed if the patient has a particulacgpeeaf

The ability to support multiple diseases in one application redheeseed to have
separate applications for different types of diseases, henceafgingpmaintenance for
healthcare institutions. This important feature will also helgeptgiwith multiple morbid-
ities (e.g., lung and breast cancers) as they will have atmcassne-stop site for handling
all their navigation needs. All stakeholders will also benefit fsooommon user interface

across disease sites, and from not having to input the same information multiple times
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Cancer

L |

Figure 4-11 Multiple sections of Care Ami with a user havirggess to (i) the lung can-
cer section only (top) and (ii) the breast and laagcer sections (bottom)
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4.4.5 Patient Information Sharing

Enabling patient information to be viewed by thesedphysician will help improving the
interaction quality between these users. This redluce the burden of setting an appoint-
ment, thus saving overall time for both patientd aarse/physician. Patients have the op-
tion to share their personal information with asadphysician (or not, should they prefer
to keep this information private). This can se€tftes” or “No” in the patient profile. When
it is set as “Yes”, the nurses/physicians the ghib view the patient’s information if they
have access to that type of cancer. For examplasse/physician having access to the lung
and breast cancer sections of the website canvialy the information of lung or breast
cancer patients (Figure 4-12). For prostate capagents, an error message will be dis-

played (Figure 4-13).

Patient Medication

Enter the name of the patient

Patient Name
patient Apply Reset

Enter a comma separated list of user names.

. Advice for
Name of Medication Reason ) )
. Side Side .
Date Time and Dosage for Doctor Edit Delete
. . Effect Affect
Instructions Taking .
Relief
Sat, 2:03 . . .
Advil Fever Uottawa Nothing N/a Edit Delete
02/11/2017 pm
Thu, 5:26 . . :
Advil Fever Mr. ZZZ | Nothin | NA Edit Delete

12/22/2016 pm

«first «<previous 1 2

Figure 4-12Viewing patient information when the patient hlisveed sharing this infor-
mation
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Patient Medication

Enter the name of the patient

Patient Name
Venus Apply Reset

Enter a comma separated list of user names.

Access denied. Entered user has either disabled the sharing information in their patient
profile or no input from the user.

Figure 4-13Viewing patient information when the patient has altowed sharing this
information

4.4.6 Community and Peer Support for Patients

One of the main requirements of a patient navigatéo provide peer and social support
to the patient. Care Ami facilitates social suppbét can encourage patients and provide
a higher locus of control over the course of theialthcare journey. Care Ami can provide
such support to patients in two ways. One is peppart, and other is providing commu-
nity support. Inpeer supporta patient has the ability to joinpaivate Facebook group
managed by an Administrator to get connected witleropatients in similar situations and
having similar conditions. A connected patient sand a request to the group that has to
be approved by the administrator. There is no naiderfor such group, and patients are
free to leave whenever they want. Care Ami als@igesscommunity suppotty providing
additional information along with their contactanmation about the reliable and trustwor-
thy community services present in the hospital éeeg, the Ottawa region and the Ontario
province). Providing trustworthy sources raises rawass in their existence and enables
patients to avoid searching for such support amtie@bing unreliable or irrelevant institu-

tions.
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4.4.7 Appointments with Notifications and Reminders

During the assessment of the disease, patients have to managexcapmbintments
schedules which could change during their healthcare journey. Ganerévides a calen-
dar feature for the patients that allows them to view their appents schedule along.
This is supplemented with email notifications and with remindemns svo days prior to
the appointment.

Appointments are created and managed by the clerk role. Theyeede new pa-
tient appointments, reschedule, or delete the appointments (foistaloteconsultations
with physicians). When the appointment is created, edited, or deletbeé blerk, an au-
tomatic email notification is send to the patient, telling hisnto connect to Care Ami for
the details. A reminder is also sent to the patient two dags farithe appointment. The
template used for the notification and reminder is shown in Figure hkdname and the

appointment details of the patient are automatically fetched from the satap®rupal.

MESSAGE MESSAGE
The mail's message body. The mail's message body.
Value * Value

. X . Hi [node:field-patient],
Hi [node:field-patient],

You appointment has been created.
You have an upcoming appointment on [node:field_appointment_date_time].

Appointment Date: [node:field_appointment_date_time].
Click on the following link to view your appointments on calendar
[site:url)/cancer/lung/view-appointments Click on the following link to view your appointments on calendar
[site:url}/cancer/lung/view-appointments

Best Regards,

R Best Regards,
Care Ami 9

Y Care Ami

Figure 4-14Template for (1) Appointment reminder (2) Appointment notification

In addition, while connected to his/her account, a patient can vievwpgoenaments and
their details as shown in Figure 4-15 and Figure 4-16. Through ttentattthe bottom-
left of Figure 4-15, the patient also has the ability to downloadalemdar in thecs (iCal-
endar) file format, which can then be integrated with perscadahdars (Apple iCal, Ya-
hoo, Calendar, and Microsoft Outlook Calendar).
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12:30 - 1:30CT
scan for Venus
8 9 10 11 12 13 14
12:45 - 1:45CT
SCAN FOR VENUS
IN JAN CHANGED
15 16 17 18 19 20 21
3:00 -
4:00 Echocardiogra
m Test
22 23 24 25 26 27 28
10:00 - 11:002D
Test
29 30 31
Download Calendar
(icaT)
Figure 4-15Patient’s appointment feature, with calendar doadl|
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Figure 4-16 Appointment details with map and highlighted tardgeation
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When a patient clicks on an appointment on thencie(Figure 4-15), Care Ami provides
important information related to that appointméd¥ig(re 4-16), such as the appointment’s
date/time/location, and a zoomable and printalolerfmap of the building. If the appoint-
ment is for a test, then all the related infornratijopame, description, and test instructions)
about the test is displayed. If the appointmerfitisa consultation with a physician, then
the physician’s name and a link to his/her biogyaigtdisplayed. Zoomable and printable
floor maps are associated with every appointmestrgaion, in order to guide patients to
the exact location and floor where their appointmermoing to take place. For example,
as the TOH buildings are particularly difficultrtavigate, this feature helps patients reduce

their anxiety (about being late) and uncertaintele (about where to go).

4.4.8 Visualization of a Patient’s Current Stage

It is important for patients to understand in whi@ge of the assessment process they are
involved, together with previous and next stagesiefv visualization feature was imple-
mented for the lung cancer section (only). Thisdeavisualizes the different stages of the
lung cancer assessment process and highlightstalge svhere the patient currently is
(Figure 4-17). A description of the stage is alsovled when the mouse is hovered on
the stage label. The current stage of the patembe set by the Clerk or inferred automat-

ically from the patient’s context (e.g., by lookiagthe tests already performed).

Figure 4-17 Patient’s process progress

In the lung cancer assessment process, therexaseliential stages:
1. Initial Referral — This refers to the stage when the patient isrredl to the

hospital, usually by a family physician or anoth€H physician.
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2. Contact Phone Call- This is a stage when the patient is contacted by TOH for
the first time. The patient might then be asked to provide cedports for a
review process. The patient could be offered a Care Ami accoth@tagtage
(or later).

3. Consult Review— The reports submitted by the patients or referring physician
are reviewed by specialists. Depending on the results of théswethe patient
might be asked to submit additional information, or she/he might be seldedul
for a visit to the TOH Cancer Assessment Clinic for addititestb and assess-
ments (this special visit is called “navigation day”).

4. Specialized Testing/Navigation Day- This is the first time the patient visits
the hospital. On this day, she/he is scheduled to undergo a damstsoThe
intention here is to complete all the required tests and ratstirelated for-
malities on that day.

5. Results— This stage refers to the day when tests’ results beconiaebdea
These results are then analyzed and, depending on the outcome, the patie
might be asked to undergo additional tests or she/he might beedefer a
specialist consult.

6. Triage (for the first consult) — This is a final stage for CareiAime patient is

referred to a specialized service of TOH, for treatment or for discharge

A custom Drupal module was created to implement this feature. In this mbdaksare
used to get the patient’s data from the database, modify it, andttivenit back to the
database. Additional CSS code is also written to improve the vizokalof the progress

bar and display the description of each stage.

4.4.9 Provision of Important Information

Care Ami provides additional important information (shown in Figui@)that can help
patients navigate through their healthcare journey with little hdatges such as parking
and directions, staff information, healthy lifestyle advice, comsymptoms to check,
frequently asked questions (FAQ), and a glossary are provided by @ar©Athe Park-

ing and directions page, the patients can find transit-relafedmation for reaching the
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healthcare institution (TOH has multiple campuses). On thastaffnation page, patients
can search for the physicians who are in the same department of theirtgpacand get
their biographies. The healthy lifestyle page provides advice andsvatehow to adhere
to a healthy lifestyle in the context of the disease unde&sament. Additionally, this page
provides trusted information and helpful tips about the diet and daitgisee relevant to
the patient. The symptoms, FAQ, and glossary pages provide additiohabtthy infor-
mation for each type of cancer. All of these pages are,statd do not have interactive
forms. They cover the information of the paper-based passport cupentigied by TOH,
but also take care of new forms of medias (e.g., videos) and of existing inéorricaind

on the Web (e.g., on the TOH site itself). These pages can bedipglagection adminis-

trators as new information becomes available or when revisions are needed.

Figure 4-18Important static web pages

4.4.10 Support for Multiple Languages

In order to satisfy requirement R20 in Table 4-2, it was decided that Care Anai suq#
port both official languages used in Ottawa (English and Freblgexs can switch from

one language to another at any time. As The Ottawa Hospitgle€&entre also serves
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the Inuit population from Nunavut [13], support for the Inuktitut language cdsidie

considered in the future.

4.5 Chapter Summary

In this chapter, we discussed Care Ami’s goals and requirements in ordsigio aeele-
vant architecture. The architecture’s components (data tiec,tiegiand presentation tier)
were discussed in detail along the way. The implementation & &ai, done mainly
with the Drupal CMS and the modules listed in Appendix A, covers rfeatyres and
most of the system requirements mentioned in Table 4-2.

The next chapter will present the developer-driven evaluation biligdased on

heuristic evaluation guidelines and manual testing performed on Care Ami.
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Chapter 5. Evaluation and Testing

This chapter presents the evaluation of the usability of Care Agadlan usability guide-
lines and the manual testing of its features and functionaliies.chapter also reports on
the test results and on challenging issues faced while penigthe evaluation and testing

of the application.

5.1 Evaluation Based on Heuristic Evaluation Guidel ines

The usability of an application can be done in many ways. On one haodyentional
usability study usually involves users performing tasks, withooogs measured in terms
of times, error rates, and perceived ease of use. On the othehbkaridtic evaluations
performed to find potential gaps in the user interface (Ul) ofpmtication on different
platforms (laptop, desktop, and mobile phone), do not require real useippatsc Alt-
hough the results of a heuristic evaluation are often less pthaisén a usability study,
the heuristic approach is still selected here as gettingthies epproval for a usability
study would have required too much time, especially as patientd Wwawé been involved.
In addition, heuristic evaluations usually require a minimum of thxeerts (about Uls or
the domain). However, as this approach would also have required gibicwal, the

guidelines are only assessed by the thesis author.

5.1.1 Overview of Heuristic Evaluation Guidelines

The primary goal of a heuristic evaluation is to find the gaps and usability mobighe
Ul of a system. The Ul guidelines provided by Nielson [53] are lyidged in an evalua-
tion context and should be kept in mind when designing the Ul otensy$he guidelines

(or heuristicg proposed by Nielson are summarized in Table 5-1:
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Table 5-1Ten usability heuristics for user interface design (based on [53])

S. No.

Heuristic

Heuristic Description

Hl

Visibility of system status

The system should keep the users iefbrm
about what is going on through visual indica
tors within some reasonable time

H2

Match between system and th
real world

The system should speak the user’s languag
with words, phrases and concepts familiar to
"the user, rather than system-oriented terms.
Follow real-world conventions, making infor-
mation appear in a natural and logical order

U

H3

User control and freedom

Users often choose system functions by mis
take and will need a clearly marked “emer-
gency exit” to leave the unwanted state withg
having to go through an extended dialogue.
Need to support undo and redo options

H4

Consistency and standards

Users should not have to wonder whether di
ferent words, situations, or actions mean the
same thing

H5

Error prevention

Even better than good error messages are a
careful design which prevents a problem fror
occurring in the first place. Either eliminate e
ror-prone conditions or check for them and p
sent the users with a confirmation option bef
they commit to the action

H6

Recognition rather than recall

Minimize the user’'s memory load by making
objects, actions, and options visible. The use
should not have to remember information fro
one part of the dialogue to another. Instructic
for use of the system should be visible or ea
retrievable whenever appropriate

H7

Flexibility and efficiency of use

Accelerators, unseen by the novice user, mg
often speed up the interaction for the expert
user such that the system can cater to both i
perienced and experienced users. Allow use
to tailor frequent actions

but
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H8

Aesthetic and minimalist desig

Dialogues should not contain information
which is irrelevant or rarely needed. Every e
rtra unit of information in a dialogue competes
with the relevant units of information and di-
minishes their relative visibility

H9

Help users recognize, diagnos
and recover from errors

Error messages should be expressed in plail
fanguage (no codes), precisely indicate the

D

—

problem, and constructively suggest a solutig

N
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S. No. Heuristic Heuristic Description

Even though it is better if the system can be
used without documentation, it may be nece
sary to provide help and documentation. Any
such information should be easy to search, fp-
cused on the user’s task, list concrete steps to
be carried out, and not be too large

U7
1

H10 Help and documentation

Further, the usability problems are prioritized and given a dgvating. According to

Nielsen [54], such severity ratings are given on the scale of 0 to 4 and allewas: f

0 =1 do not agree that this is a usability problem at all

1 = Cosmetic problem only: need not be fixed unless extra time is available on project
2 = Minor usability problem: fixing this should be given low priority

3 = Major usability problem: important to fix, so should be given high priority

4 = Usability catastrophe: imperative to fix this before product can beedleas

In a recent systematic literature review, Jimenez ¢3@J.identified 57 studies (published
between 2008 and 2015) where heuristics were used to assess thiy asamplication.
Among them, 34 studies used Nielsen’s heuristics, at times nethtd others. Nielson’s
heuristics and scoring system are used to evaluate the usability of Care Ami

5.1.2 Tasks

Since Care Ami is a role-based application, it is necessawaluate this application based
on the different roles supported. For the evaluation, it is asstiraethe super-adminis-
trator and administrator roles have knowledge about the Drupal CM&thmeary Ul)
and hence the evaluation is mainly done for the roles of clerk, nuys&faim, and patient
by performing their core tasks. Furthermore, the Ul of the agipit is evaluated on dif-
ferent platforms, including desktop, tablet, and mobile phone, for thenpatie. Table

5-2 shows the tasks performed to evaluate the Care Ami framework.
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Table 5-2Tasks performed to evaluate Care Ami

Role Tasks Performed Device Used

21 Add, modify, and view patiertApple MacBook Pro (laptop)
account and their profile

Clerk 3#Add calendar events (appoint-
ments)
Nurse/Physiciar 1. \nl]lz/i\grﬁ)atlents medical infort Apple MacBook Pro (laptop)
1. Document their information. | Apple MacBook Pro (laptop),
Patient 2. View calendar events. Apple iPad mini (tablet), Xiom|
3. Modify/delete their accountMIi4 (mobile phone)
profile

5.1.3 Usability Problems

The heuristics listed in Section 5.1.1 are used for the usabilityaici of Care Ami.
Problems in the Ul are identified and categorized accordingetdéuristics used. The
findings and usability problems detected in Care Ami here are shown in Table 5-3.
Table 5-3 consists of seven columns. The first column is the problem numbe

whereas the second column describes the usability problems found. riheotbimn de-
fines the type of heuristic for that particular problem. Column $boivs the severity rank-
ing on the scale of 0 — 4. Columns five and six specify the affeote and the device on
which problem is detected. Finally, the current status of thatpkar problem in the latest
version of Care Ami (i.e., whether resolving the problem was done anribe latest

release) is shown in the last column.

Table 5-3Usability problems detected in Care Ami

> o > O ©
S g3 g | & 28 : 2
= g o 3 | 38 @< 2 &
Do T (DNd <
On the login screen, the | H8, H1 | 2 Clerk, Laptop,
1 | @ppearance of error everj Nurse/Physi- | Tablet,
if the login attempt is not cian, Patient | Mobile
performed by the user Phone
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After logging to the web-| H1, H7 | 3 Clerk, Laptop,
site, the user is unsure o Nurse/Physi- | Tablet,
which cancer type to se- cian, Patient | Mobile
2 | lect. E.g., Lung cancer Phone
user sees other types of
cancers, which can con-
fuse the user
User is unable to select | H1, H3 | 2 Clerk Laptop
the cancer menu to go
3 | back to other sections of
the website when an ap-
pointment is created
Extra irrelevant infor- H2,H8 | 1 Clerk Laptop
mation displayed when
4 create an appointment,
peer support, and basic
page of cancer types are
accessed by the clerk
Unclear error message ig H1, 2 Nurse/Physi- | Laptop
displayed when H7, H8 cian
5 | nurse/physician access the
patient’s information of
other cancer types
Color and brightness con-H8 1 Clerk, Laptop,
trast are not good between Nurse/Physi- | Tablet,
6 “Virtual Patient Naviga- cian, Patient | Mobile
tor” text and the back- Phone
ground image on the
home page
Editing and deleting the | H2, 3 Clerk Laptop
7 existing appointment of | H7,
the patient is very com- | H10
plex
Modifying patient profile | H2, 3 Clerk, Patient| Laptop,
8 is very complex H7, Tablet,
H10, Mobile
Phone
Information about down-| H2 3 Patient Laptop,
loading the appointment Tablet,
9 | is unclear. No text used to Mobile
highlight the download- Phone

ing option
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There is no navigational | H1, Clerk, Patient| Laptop,
support when editing the| H3, H6 Tablet,
10 | patient’s profile. This can Mobile
confuse the user about Phone
what to do next
On the patient symptomg H7 Nurse/Physi- | Laptop
and patient medications cian
11 | page, message “Enter the
name of the patient” is
displayed after the search
bar
Menu for different types | H4, H8 Patient Tablet,
12 | of cancers is not respon- Mobile
sive on small screens Phone
Appointment calendar for H4, H8 Patient Tablet,
the patient is not fully dist Mobile
13 | played on the small Phone
screens. Patient is only
able to view half calendar
When the home page is | H4 Patient Mobile
opened in mobile phone, Phone
the button for lung cancer
14 |.
is smaller compared to
breast and prostate cancer
buttons
Home page background jsH4 Patient Tablet,
15 | not displayed Mobile
Phone
For the My Symptoms, | H3, H5 Patient Laptop,
My Medications, and My Tablet,
16 | Questions pages, there i$ Mobile
no way to edit or delete Phone
the submission
Unnecessary clickable | H7, H8 Patient Laptop,
17 links for the tests are dis- Tablet,
played on the diagnosis Mobile
page Phone
The font size of the tests| H4 Patient Laptop,
18 | ©on the diagnosis page is Tablet,
too large Mobile
Phone
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Previous submission by | H4 3 Patient Tablet,
the patient on my symp- Mobile
19 toms, my medications, Phone
and my questions are not
fully displayed on the
small screen devices
Symptoms pages of dif- | H4 3 Patient Tablet,
20 ferent types of cancer ar¢ Mobile
fully displayed on the Phone
small screen devices
When modifying the pa- | H4, H7 | 2 Clerk, Patient  Laptop,
tient profile, the presence Tablet,
of “N/A” other than Mobile
“Yes” and “No” can con- Phone
fuse the patient. Also, the
21 | create an appointment
page has a “None” option
when selecting the ap-
pointment type field,
which can confuse the
clerk
Adding new patients and| H2, 3 Clerk Laptop
22 | modifying their profiles is| H10
very complex

5.1.4 Evaluation Conclusion

The guidelines of heuristic evaluations were used to check CarmAnder to find issues
in the user interface of the framework. A total of 22 usabidispies, including several
major problems (2, 13, and 16), were identified. To improve the user experof the
users, all major problems and most other issues were resolvedyvelpiwo small usabil-
ity problems that are not critical to the application aretyéte resolved at this time. This
usability evaluation was hence beneficial as it helped addrebkeprs not specified ex-

plicitly in the original requirements.

5.2 Testing of Care Ami

Manual testing was performed to assess and improve the qualigrefAmi. A total of

59 test cases were written for three main categorieac¢Ess control, (2) menu visibility,
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and (3) functionality. These tests provide basic coverageediirst 23 sub-requirements
from Table 4-2. Based on these categories, the testingasmped for the nurse/physician,
clerk, and patient roles. The presence of three sections foigast, and prostate cancer
enables the testing of variations in access control and informaaoing that are sufficient

for representing a larger set of sections.

5.2.1 Access Control

Since our application supports multiple sites, one for each dideasag has to be per-
formed to ensure that a role who has access only to particulasessis unable to access
the sites of the other diseases on the server.

The six test cases covering the nurse/physician role are shown in Table 5-4.

Table 5-4 Access control test cases for the Nurse/Physician role

Test
Test Actual Reg. Status
Case Objective Expected Output | (1t ID | (Pass/Fail)

When the nurses/physi- | Front page after Front page af{ 123> Pass
cians having access to | login should only | ter login only | 133
lung cancer (one site) log display the lung displayed

T1 | into Care Ami, they cancer link. Links | lung cancer
should not be able to ac-| for breast and pros-| link
cess the breast and prost tate cancer should
tate cancer sections. not be displayed
When the nurses/physi- | Front page after Front page af{ 123> Pass
cians having access to | login should only | ter login only | 133
lung and breast cancer | display the lung and displayed

T2 (multiple sites) log in to | breast cancer links.| lung cancer
Care Ami, they should | Link for prostate and breast
not be able to access the cancer should not becancer links
prostate cancer section. | displayed
When the nurses/physi- | Error should be dis-| Access de- 123> Fail
cians having access to | played nied error dis{ 133
lung cancer (one site) played

T3 type the URL of the
breast and prostate cancer
pages, they should not be
allowed to access those
pages.
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Test

Test Actual Req. Status
ﬁf‘fe Objective Expected Output | & 11 ¢ ID | (Pass/Fail)
When the nurses/physi- | Error should be dis-| Access de- 123> Fall
cians having access to | played nied error dis{ 133
lung and breast cancer played
T4 (multiple sites) type the
URL of the prostate can-
cer pages, they should npt
be allowed to access
those pages.
When the nurses/physi- | Error should be dis-| Access de- 123> Pass
cians type the URL of the played nied error dis{ 133
menus of patient and played
T5 | clerk roles having the
same type of cancer, they
should not be allowed to
access those menus.
Showing the content of | Website should be | Website is 136 Pass
the website in both Eng- | displayed in English displayed in
T6 | lish and French languagesand French English and
for the nurse/physician French
role.
The six test cases covering the clerk role are shown in Table 5-5:
Table 5-5Access control test cases for the Clerk role
Test
Test Actual Req. Status
ﬁf‘fe Objective Expected Output | it | ID | (Pass/Fail)
When the clerks hav-| Front page after Front page af{ 123> Pass
ing access to lung camdogin should only ter login only | 133
cer (one site) log in to| display the lung can; displayed
T7 the Care Ami, they | cer link. Links for lung cancer
should not be able to | breast and prostate | link
access the breast and cancer sites should
prostate cancer sec- | not be displayed
tions.
When the clerks hav-| Front page after Front page af{ 123> Pass
ing access to lung and login should only ter login only | 133
breast cancers (multi4 display the lung and| displayed
T8 ple sites) log in to breast cancer links. | lung cancer
Care Ami, they should Link for prostate and breast
not be able to access| cancer should not be cancer links
the prostate cancer | displayed
section.
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Test
Test Actual Req. Status
Clz(ijse Objective SxpEeEel QUIELE Output ID | (Pass/Fail)
When the clerks hav-| Error should be dis-| Access de- 123> Fail
ing access to the lung played nied error dis-| 133
cancer (one site) type played
the URL of the breast
T9
and prostate cancer
pages, they should nat
be allowed to access
those pages.
When the clerks hav-| Error should be dis-| Access de- 123> Fail
ing access to lung and played nied error dis-{ 133
breast cancers (multi- played
T10 ple sites) type the
URL of the prostate
cancer pages, they
should not be allowed
to access those pages.
When the clerks type | Error should be dis-| Access de- 123> Pass
the URL of the menug played nied error dis-{ 133
of patient and played
nurse/physician roles
T11 :
having the same type
of cancer, they should
not be allowed to ac-
cess those menus.
Showing the content | Website should be | Website is 13€ Pass
of the website in both| displayed in both displayed in
T12 | English and French | English and French | both English
languages for the clerk and French
role.
The seven test cases covering the patient role are shown in Table 5-6:
Table 5-6 Access control test cases for the Patient role
gest Test E ted Output Actual Req. Status
I?jse Objective xpected Lutpu Output ID | (Pass/Fail)
When the patients hay-Front page after | Front page after| 123> Pass
ing access to lung can-login should only | login only dis- 133
cer (one site) log in to| display the lung | played lung can-
Care Ami, they should cancer link. Links| cer link
T13
not be able to access | for breast and
the breast and prostateprostate cancer
cancer sections. should not be dis-
played
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Test

Test Actual Reg. Status
le‘jse Objective Expected Output | & it ID | (Pass/Fail)
When the patients hay-Front page after | Front page after| 123> Pass
ing access to lung and login should only | login only dis- 133
breast cancers (multi-| display the lung | played lung can-
T14 ple'sites) loginto Caraa_md brgast cancer cer and 'breast
Ami, they should not | links. Link for cancer links
be able to access pros-prostate cancer
tate cancer section. | should not be dis-
played
When the patients hav-Error should be | Access denied | 123> Fail
ing access to lung can-displayed error displayed | 133
cer (one site) type the
URL of the breast and
T15
prostate cancer pages,
they should not be al-
lowed to access those|
pages.
When the patients hav-Error should be | Access denied | 123> Fail
ing access to lung and displayed error displayed | 133
breast cancers (multi-
T16 ple sites) type the URL
of the prostate cancer
pages, they should not
be allowed to access
those pages.
When the patients typé Error should be | Access denied | 123> Pass
the URL of the menus| displayed error displayed | 133
of clerk and nurse/phyr
T17 sician roles having the
same type of cancer,
they should not be al-
lowed to access those
menus.
Showing the content af Website should be Website is dis- | 13€ Pass
the website in both displayed in both | played in both
T18 | English and French | English and English and
languages for the pa- | French French
tient role.
Accessing the Care | Website should be Website is ac- 132 Pass
Ami from smaller accessed from cessible from
T19 | screen devices (tabletstablets and mobile laptop, tablet,
and mobile phones). | phones as well and mobile
phone
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5.2.2 Menu Visibility

Each role has different functionalities, which are accessiblte the menu at the top of

each page. Menus should be tailored to each and every role.

To define the test cases for nurse/physician role, one testiebjsatised in Table

5-7:
Table 5-7Menu visibility test case for the Nurse/Physician role
Test Test Actual Status
Case Id Objective SH{paEice| QLU Output (Pass/Fail)
Menu visibility for | When the nurses/physi- | “Home”, “Patient Pass
nurses/physicians | cians having access to lungMedication”, and
having access to cancer log in to Care Ami,| “Patient Symp-
T20 lung cancer. the “Home”, “Patient toms” links are dis-
Symptoms”, and “Patient | played in the menu
Medications” links should
only be visible in the menu
on the home page
One test case for the clerk role is shown in Table 5-8:
Table 5-8 Menu visibility test case for the Clerk role
Test Test Expected Output Actual Status
Case Id Objective Output (Pass/Fail)
T21 Menu visibility for | When the clerks having a¢-“Home”, “Peer- Pass
clerks having accesscess to lung cancer log in| Support”, “Staff”,
to lung cancer. to Care Ami, the “Home”, | “Add/Modify Us-
“Peer-Support”, “Staff”, ers”, “Create an
“Add/Modify Users”, Appointment”, and
“Create an Appointment”, | “Process Status”
“Process Status” and links are displayed
“Help” links should only | in the menu
be visible in the menu on
the home page
One test case for the patient role is shown in Table 5-9.
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Table 5-9Menu visibility test case for the Patient role

Test Test Expected Output Actual Status
Case Id Objective Output (Pass/Fail)
Menu visibility for | When the patients having | “Home”, “Diagno- Pass
patients having ac- | access to lung cancer log |irsis”, “My Medica-
cess to lung cancer| to Care Ami, the “Home”, | tions”, “My Ques-
“Diagnosis”, “My Medica- | tions”, “My Symp-
tions”, “My Questions”, toms”, “Peer-Sup-
“My Symptoms”, “Peer- | port”, “Parking and
Support”, “Parking and Di{ Directions”,
rections”, “Symptoms”, “Symptoms”,
T22 “Staff’, “FAQ”, “Glos- “Staff’, “FAQ”,
sary”, “Healthy Lifestyle”, | “Glossary”,
“Track my Progress”, “Healthy Life-
“View Appointments”, and| style”, “Track my
“Help” links should only | Progress”, and
be visible in the menu on | “View Appoint-
the home page ments” links are
displayed in the
menu

5.2.3 Functionality

Since our application is role-based, each of the non-administratege (rairse/physician,
clerk, and patient) has different functionalities. Eight functionaést objectives for the
nurse/physician role are defined in Table 5-10.

Table 5-10Functionality test cases for the Nurse/Physician role

(T:eSt Test Objecti E ted Output Actual Reg. Status
Iz(ijse €s jective xpected Dutpu Output ID (Pass/Fail)
Viewing symptoms of | Patient symptoms | Patient symp-| 13. Pass
the lung cancer patient should be displayed toms are dis-
by the nurses/physi- | to the nurse/physi- | played
T23 | cians having access to cian without any er-
lung cancer when the | ror message
patient has shared
his/her information.
Viewing symptoms of | Patient symptoms | Patient symp-| 13. Pass
the prostate cancer pa-should not be dis- | toms are not
tients by the played. Instead, a | displayed.
T4 nurse/physician havingrelevant error mes- | Relevant error
access to lung cancer| sage should be dis-| message is
when the patient has | played also dis-
shared his/her infor- played.
mation.
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Test

L Actual Req. Status

Cl?jse Test Objective Expected Output Output D (Pass/Fail)
Viewing symptoms of | Patient symptoms | Patient symp-| 13. Pass
the lung cancer patient should not be dis- | toms are not
by the nurse/physician played. Instead, a | displayed.

T25 | having access to lung| relevant error mes-| Relevant errof
cancer when the pa- | sage should be dis-| message is
tient has not shared | played also dis-
his/her information. played.
Viewing symptoms of | Patient symptoms | Patient symp-| 13. Pass
the prostate cancer pa-should not be dis- | toms are not
tient by the nurse/phy+ played. Instead, a | displayed.

T26 | sician having access tporelevant error mes- | Relevant errof
lung cancer when the | sage should be dis-| message is
patient has not shared played also dis-
his/her information. played.
Viewing medications | Patient medications| Patient medi- | 13. Pass
of the lung cancer pa-| should be displayed cations are
tient by the nurse/phy+ to the nurse/physi- | displayed

T27 | sician having access tocian without any er-
lung cancer when the | ror message
patient has shared
his/her information.
Viewing medications | Patient medications| Patient medi-| 13. Pass
of the prostate cancer| should not be dis- | cations are
patients by the played. Instead, a | not displayed.

T28 | nurse/physician havingrelevant error mes- | Relevant errof
access to lung when | sage should be dis-| message is
the patient has shared played also dis-
his/her information. played.
Viewing medications | Patient medications| Patient medi-| 13. Pass
of the lung cancer pa-| should not be dis- | cations are
tient by the nurse/phy+ played. Instead, a | not displayed.

T29 | sician having access tporelevant error mes- | Relevant errof
lung cancer when the | sage should be dis-| message is
patient has not shared played also dis-
his/her information. played.
Viewing symptoms of | Patient medications| Patient medi-| 13. Pass
the prostate cancer pa-should not be dis- | cations are
tient by the nurse/phy+ played. Instead, a | not displayed.

T30 | sician having access torelevant error mes- | Relevant error
lung cancer when the | sage should be dis-| message is
patient has not shared played also dis-
his/her information. played.

Six functionality test objectives for the clerk role are defined in Taldlg:5-
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Table 5-11Functionality test cases for clerk role

geSt Test Objecti Expected Output | Actual Output | ~ed- | Status
Iz:tjse est Objective xpected Outpu ctual Outpu D (Pass/Fail)
Creating an appoint- | Appointment should Appointmentis| 15 Pass
ment for the lung be created for the | created for the
T31 . . .
cancer patient by the| patient patient
clerk.
Modifying an ap- The clerk should be| The clerk is 15 Pass
pointment for the able to modify the | able to make
lung cancer patient byappointment of the | changes in the
T32 | the clerk. patient previously cre-
ated appoint-
ment of the pa-|
tient
Deleting an appoint- | The clerk should be| The clerk is 15 Pass
ment for the lung able to delete the | able to delete
T33 | cancer patient by the| appointment of the | the previously
clerk. patient created ap-
pointment of
the patient
Creating the account| The clerk should be| The clerk is 122 Pass
for a new lung cancey able to create new | able to create
T34 | patient by the clerk. | lung cancer patient | new lung can-
users cer patient us-
ers
Modifying and delet- | The clerk should be| The clerk is 122 Pass
ing the account of the able to modify and | able to modify
lung cancer patient | delete the account | and delete the
and changing his/her| of the lung cancer | lung cancer par
patient profile by the | patient. Also, clerk | tient's account
clerk. should be able to | along with the
change patient pro-| capability of
T35 file except “sharing | changing a pa-
information with tient profile.
nurse/physician” Also, the
field, which is only | “sharing infor-
accessible to pa- | mation with
tients and super-ad; nurse/physi-
min cian” field is
not visible
Setting the current | The clerk should be| The clerk can 1, Pass
process status of the| able to change the | change the curt
T36 | lung cancer patient bycurrent status of the rent status of
the clerk. lung cancer patient | the lung cancer
patient
Test objectives for the nurse/physician role are defined in Table 5-12:
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Table 5-12Functionality test cases for patient role

gest Test Obiecti E ted Output Actual Reg. Status
I‘;"jse estbjective xpected Dutpu Output ID | (Pass/Fail)
Receive notification| The patient should| A notification 1% Pass
on the patient’s receive an email | is received by
email id when an ap} notification along | the patient
T37 pointment is created with details about | along with the
by the clerk. when the appoint- | details about
ment is created when an ap-
pointment is
created
Receive notification | The patient should| A notification 1% Pass
on the patient’s receive an email | is received by
email id when ap- | notification along | the patient
pointment is modi- | with details about | along with the
T38 | fied or deleted by | when the appoint- | details about
the clerk. ment is modified o when an ap-
deleted pointment is
modified or
deleted
Getting a reminder | The patient should| Email re- 12€ Pass
email on the pa- receive an email re-minder is re-
tient's email id two | minder two days | ceived by the
T39 | days before the ap- | prior to the ap- patient two
pointment. pointment days prior to
the appoint-
ment
Getting a reminder | The patient should| Email re- 12€ Pass
email on the pa- receive an email re-minder is re-
tient's email id two | minder two days | ceived by the
T40 | days before when | prior to the modi- | patient two
the appointment is | fied appointment | days prior to
modified. the modified
appointment
Recording symp- Recording the Symptoms 1( Pass
toms by the patient.| symptoms in the | recorded in
lung cancer section lung cancer is
should only be visi{ only visible in
ble in the lung can- the lung can-
T41 . ;
cer section. It cer section
should not be visi-
ble in the symp-
toms of breast or
prostate cancers
Editing/deleting the | The patient should| Patient is able 1( Pass
recorded symptoms| be able to mod- to modify/de-
T42 | by the patient. ify/delete the rec- | lete the rec-
orded symptoms | orded symp-
toms
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gest Test Obiect E ted Output Actual Reg. Status
I?jse estbjective xpected utpu Output ID (Pass/Fail)
Recording medica- | Recording the Medications 1( Pass
tions by the patient. | medications in the | recorded in
lung cancer section lung cancer is
should only be visi{ only visible in
ble in the lung can- the lung can-
T43 cer section. It cer section
should not be visi-
ble in the medica-
tions of breast or
prostate cancer sec-
tions
Editing/deleting the | The patient should| Patient is able 1( Pass
recorded medica- | be able to mod- to modify/de-
T44 | tions by the patient. | ify/delete the rec- | lete the rec-
orded medications| orded medica-
tions
Recording questions Recording the Questions recq{  1( Pass
by the patient. questions in lung | orded in lung
cancer section cancer is only
should only be visi{ visible in the
ble in the lung can- lung cancer
T45 . :
cer section. It section
should not be visi-
ble in the questions
of breast or pros-
tate cancers
Editing/deleting the | The patient should| Patient is able 1( Pass
recorded questions | be able to mod- to modify/de-
T46 | by the patient. ify/delete the rec- | lete the rec-
orded questions | orded ques-
tions
Showing current The current stage | The current 1, Fail
stage and descriptionof the patient set by stage of the
of the patient on the clerk and its de- patient is
“Track my Progress’ scription should be| shown in the
T47 |Page in the lung can-displayed in the pa} patient’s ac-
cer section of the | tient's account count. The de-
website. scription is not
displayed on
tablets/mobile
phones.
Viewing appoint- The patient should| The patient is 1* Pass
ments on the calen-| be able to view all | able to view
dar. the created ap- all the ap-
T48 : .
pointment by the | pointments
clerk on the calen-| created by the
dar clerk
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Test

o Actual Req. Status
Cl?jse Test Objective Expected Output Output D (Pass/Fail)
Viewing modi- The patient should| The patient is 1* Pass
fied/deleted appointi be able to view all | able to view
ments on the calen-| the modified ap- | previous ap-
dar. pointments. Previ- | pointments as
ous appointments | well along
T49 that were modified | with edited ap-
should not be pointments
shown on the cal-
endar along with
deleted appoint-
ments
Modifying patient | The patient should| The patient is 122 Pass
profile. be able to change | able to modify
his/her own patient his/her own
profile along with | patient profile
T50 the “sharing infor- | along with the
mation with “sharing infor-
nurse/physician” | mation with
field nurse/physi-
cian” field
Viewing appoint- The patient should| The patient is 12* Pass
ment details along | be able to view the| able to view
with the room num- | appointment de- | all the details
ber on the maps. tails, including ap- | related to the
T51 poi_ntment date, lo-| appointment.
cation, test type, | Room num-
and room numbers| bers are shown
on the maps as red circles
on the static
map
Connecting with The patient should| The patientis | 12(> Pass
other peers and prot be able to connect| able to send 12,
vide community to other peers by | requests to thg
support. joining the private | admin of the
Facebook group | private Face-
T52 and be able to find| book group
the contact infor- | and view con-
mation of reliable | tact infor-
cancer support mation about
communities the community
support
Downloading calen-| The patient should| The patient is 14 Pass
dar. be able to down- | able to down-
T53 load his/her ap- load the calen-
pointments dar as an
“.ics” file
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gest Test Obiect E ted Output Actual Reg. Status
I?jse estbjective xpected utpu Output ID (Pass/Fail)
Deactivating/delet- | The patient should| The patient is 12. Pass
ing account. be able to delete or capable of de-
T54 deactivate his/her | leting or deac-
account at any tivating his/her
point of time account.
Viewing disease re-| The patient should| The patient is 12 Pass
lated symptoms. be able to view the| able to view
T55 symptoms related | the symptoms
to his/her disease
under the “Symp-
toms” page
Viewing information| The patient should| The patient is 13 Pass
about diagnostic be able to view the| able to view
plan. diagnostic infor- the diagnostic
T56 mation related to | information
his/her disease un-
der the “Diagnos-
tic” page
Viewing name of the The patient should| The patient is 1. Pass
staff and their brief | be able to view in- | able to view
information. formation related | name of the
to the staff under | staff along
T57 the “Staff” page with the link
that shows
brief biog-
raphy about
them
Viewing information| The patient should| The patient is 12% Pass
that helps in main- | be able to view able to view
T58 taining a healthy healthy lifestyle in-| healthy life-
lifestyle. formation under style infor-
the “Healthy Life- | mation
style” page
Viewing parking The patient should| The patientis | 124> Pass
transit information | be able to find able to view 125
to reach the hospital. parking infor- parking and
mation along with | transit infor-
T59 . .
the public transport mation
usage under the
“Parking and Di-
rections” page

5.2.4 Testing Conclusion

Manual testing of Care Ami was performed to further check the quality of theatppi.

The test cases covered requirements R1-R23 in Table 4-2. Among st B8ses, a few
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major failed test cases (T5, T11, T17, T38, T40, T42, T44, and T46) werdiédeand
then rectified. However, seven failed test cases (T3, T4, T9, TH),TIL6, and T47) are
yet to be resolved at this time.

5.3 Challenges

Many challenges were faced while doing the evaluation of the i framework, in-
cluding the following:

1. User-based validation of Care Ami could not be performed at Tiagv® Hos-
pital. Instead, an evaluation based on guidelines was performedUitres-
sity of Ottawa.

2. According to Nielson et al. [52], at least three expert evailsatre needed to
find the gaps in the Ul. However, in our case, only the thesis authoes@mn-
sible for performing the usability evaluation of Care Ami, vaterification
done by one supervisor.

3. Itwas very difficult to make changes to some Drupal defagkpée.g., adding
menus, blocks, etc.) and this was causing problems in the navigatiba of t
website. However, additional help guides were added to simplify sbne
specific tasks for the roles.

5.4 Chapter Summary

This chapter discussed the evaluation and testing of Care Ausalility evaluation based
on heuristics was performed to find usability gaps and problems usénenterface of the
application. An additional suite of 59 test cases were defined anklechmanually on the
application. The evaluation and the testing were performed on déaveyy different
screen sizes (desktop, tablet, and mobile phone). High priority gdpe user interface
and the functionality were identified and rectified to improve théilisaand robustness
of the application. Some tests are still failing but are erpetd be solved in the near
future.

The next chapter presents the comparison of Care Ami with related work.
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Chapter 6. Discussion

In this chapter, Care Ami is evaluated and compared with closklied systems (dis-
cussed in Chapter 3) against the main categories of requirefoantsin Section 4.2,
excluding A1l on security/privacy (outside the scope of this thésiayldition, the limi-

tations and threats to the validity of this research study are discussed.

6.1 Comparison with Related Work

This section provides a brief comparison of Care Ami with tregedlwork presented in

Chapter 3 and identified through the literature review. In Section 3.@veleated and

assessed the different systems based on the high-level requselisenssed in Table 3-2.

Table 6-1 (replicating Table 3-2 along with the addition of Gare row at the bottom)

summarizes the comparison of our proposed application with the related systems.
Table 6-1Comparison with related work

5 - = $ (%) 17
€SSy _3T | o 2., | S ° o | .2 | 8¢ :
g |558 85| is |88 |58 2|2 2T (28 |75
£ |EQZ R | 2a |43 |22 | =288 |22 |Se |28 ke
< S2 g ao| B 5 < 52 A | TS |23 |az | £8 S
€5 S| v x o - © | 5©° >
a = =
P1 Yes No No Yes | Yes No Yes No Yes | Yes | Yes
P2 Yes No No Yes | Yes No Yes No Yes No Yes
P3 No No No Yes No +/- No Yes | Yes No Yes
P4 No Yes | Yes No No +/- No No Yes No No
P5 Yes | Yes | Yes | Yes | Yes No Yes No Yes No No
P6 Yes | Yes +/- No No No Yes No Yes No Yes
P7 Yes | Yes +/- No No No Yes | Yes No No Yes
P8 Yes | Yes | Yes | Yes No +/- Yes | Yes | Yes | Yes | Yes
Care| Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes +/-
Ami

As shown in Table 6-1, in articles P3 and P4, human patient navigateo®lsser provid-
ing healthcare navigation to the patients. All the other systawes as common objective

a focus on patients by providing them with high-quality and relialftemation about
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diagnosis/treatment processes. None of the systems meegualements, but Care Ami
scores well on most of them.

In terms of supporting multiple types of diseases (R9), Care Bemng based on
Drupal, has most of the infrastructure in place to do so, with cuuksupport for lung
cancer, and partial support for breast and prostate cancersvétoWware Ami can be
extended to support many other diseases as well. Care Ami was im@draed demon-
strated to stakeholders with positive feedback, but it is ybetdeployed and validated
formally at the hospital.

The closest competitor to Care Ami at this point (P8 in Taldlgi§-the DAP-EPS
system developed by Cancer Care Ontario [7]. DAP-EPS does stywpdypes of cancer
assessment processes and has been deployed and validated [8]. Homapgeio rooms
are not provided (only maps to buildings are present), and peer suppordvailable.
DAP-EPS was not also not deployed at TOH in part because oétjuired high level of
integration with existing health information systems (e.g., tortapet results while en-

suring privacy)

6.2 Limitations and Threats to Validity

This section discusses limitations and potential threats to tlktyaif this thesis work.
As proposed by Perry et al. [55], three types of validity threats are diddusse
Construct validity: verifies the hypothesis/system clainsetdaon the tests
performed
Internal validity: examines any bias in performing the thesis work
External validity: determines whether the extension of expetinesults to

other cases or situations is possible or not.

6.2.1 Construct Validity

The major threats to construct validity are:

2 As of March 24, 2017 (after the initial submissifrthis thesis), Cancer Care Ontario decided ti sh
down DAP-EPS as they determined that system ro¢ tsustainable as a province-wide tool.
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The actual deployment of Care Ami in the healthcare fadilits not yet
been done. Therefore, it is difficult to prove its usefulness dadteeness
from the perspective of the users (patients, nurses, physictimsyistra-
tors).

Security and privacy concerns (high-level requirement A11) areomsid-
ered explicitly in this research. Encrypting the data/commuaita sim-

ple to do with Drupal, Apache, and MySQL, but this is insufficient in a
healthcare environment. Legal concerns related to the collection, sise, di
closure, and deletion of private healthcare data need to be discuisad wi
the deployment environment. Additionally, concerns regarding compliance
to hospital policies and dependencies to external applications (sadhea
cebook group for peer support) are not taken into account here.

The technical integration of our application with the hospital’s heéador-

mation system is not done yet.

6.2.2 Internal Validity

The major threats to internal validity are:
One of the obvious threats is the selection of the related studiesobu-
tions. The thesis author might have been biased in researching vetate
as this was only performed by one person, though the process oibselect
of the related work was mitigated by the constant feedb&cdke of the
supervisors.
As discussed by Nielson et al. [52], at least three expeltavas are
needed to properly and independently assess the gaps in the usstanter
of an application. However, the evaluation of Care Ami was perfbonky
by the thesis author, which may have been biased during the evaluation.
Actual experiments were not performed on the systems mentionbd in t
related work. Instead, the assessment of the related work is solely based on
the literature review, and the comparison with Care Ami iedas that

information.
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6.2.3 External Validity

One major threat to external validity is:
Care Ami could not be evaluated by the healthcare providers iengsat
Evaluation and testing were performed by the thesis author ondynditi
guaranteed that the results obtained from patients and providers would con-
firm the results obtained in this thesis. In addition, the requiremeete
strongly influenced by TOH stakeholders, and other hospitals could have
different requirements. Therefore, to generalize and finalizaplkcation,
it has to be evaluated and tested several times by patientdgns, from

different institutions.

6.3 Chapter Summary

This chapter discussed how Care Ami compares to competing \pdtiaht navigation
systems, and several benefits were highlighted. Various thoeasdidity were identified
and summarized. In both cases, the lack of user-based validatiosssi@rhat remains to
be addressed. The next chapter provides concluding remarks abthéstssand discusses

future work items.
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Chapter 7. Conclusions and Future Work

This chapter recalls the main contribution of the thesis and discusses future oppsertuniti

7.1 Conclusion

While being assessed for cancer, many patients suffer frigar af not being properly
informed and are uncertain about what information to trust and whanextlovirtual PN
systems can improve the overall experience of such patients by addteesmfears and
guiding patients throughout their care journey.

This thesis contributes the requirements, architecture, and a Céé8-oaplemen-
tation of a virtual PN framework called Care Ami, which supppesents undergoing
cancer assessment in an Ontarian hospital. The main thesiscgeelig the research
hypothesis (Section 1.3) are satisfied in the following way:

1. ldentifying the technical requirements for a virtual patient navigatoriegpl

tion for the CACthe goals and requirements of Care Ami are respectivally a
able in Sections 4.1 and 4.2.
2. Designing and prototyping this virtual patient navigator applicatitre archi-
tecture and implementation of Care Ami are described in Sections 4.3 and 4.4.
3. Evaluation the applicatiarthis was done using heuristic evaluation guidelines
related to usability (Section 5.1) and manual testing of acmagsol, menu
visibility, and functionalities (Section 5.2). The evaluation was fursh@ple-
mented with a comparison with related work (Section 6.1) and a disoussi

limitations (Section 6.2).

The main feature provided by Care Ami that satisfy the goalseohpplication (G1-G3)
identified in this thesis (Section 4.1) are the following:
1. Care Ami provides many patient-oriented features that go bepenelisting
paper-based solutions, including: dynamic appointments updates widil e-m

reminders, navigation maps, personal health information that can be shidre
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nurses and physicians, status information along the assessmesdsproeer
support, and a wealth of reliable online information on medical conditions, on
tests, on healthcare lifestyle tips, and on the hospital aselfits healthcare
providers (hence contributing positively to goal G1).

2. Care Ami improves the experience of nurses and physiciansyasahéave
access to a patient’'s symptoms and medications when a patierttsonéets
them and they can likely save efforts setting and confirming appents. Phy-
sicians will also likely have more productive consults withgras as the for-
mer will spend less time explaining basic concepts and tret&troevered by
the application or discussing unreliable sources of health infamétience
helping satisfy goal G2).

3. Care Ami generalizes the notion of single application and providamawork
to support multiple types of cancers and other diseases (hersfgirsgtgoal
G3).

7.2 Future Work

Although Care Ami satisfies most of the identified requiremantsgoes beyond related
virtual PN systems discovered during our literature survey,rthiations we identified in
the previous section lead to many future work items. To address saheseflimitations,
we present the following future opportunities:

1. Improve and extend Care Ami by integrating Google Maps Indograsents
can be told how to navigate (in real-time, on their phones/tablesisle the
hospital building.

2. Address the security and privacy concerns that currently preverdeploy-
ment and formal usability/usefulness studies.

3. Perform usability studies involving real patients, physicians/nuctsgs, and
administrators (e.g., the usability of the addition of a new section alds tee
be evaluated).

4. Integrate Care Ami with the information system infrastructiréne host hos-
pital. Opportunities exist in getting appointments, patient data, aieshpated-

ication from existing systems.

Chapter 7. Conclusions and Future Work 74



5. Provide a feature to dynamically update the current statpe g@fatient (i.e., the
“Track my Progress” feature discussed in Section 4.4.8).

6. Explore the suitability of similar applications in non-cancer odstsuch as
supporting the management of high-risk multiple pregnancies, wheraante
tions with patients normally span over multiple months (instead adeksy as
is the case with Care Ami) and where context-based decisiomgna&eds to
be supported.

7. Integrate artificial intelligence algorithms that would allGare Ami to extract
patient preferences using natural language processing, thus allobettea

treatment plan for the patients.
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Appendix A: Drupal Modules

Table7-1 shows the Drupal modules (core, contributed, and custom) that ane tised
development of Care Ami framework. See https://www.drupal.org/pfpjegtct_module

for their description.

Table 7-1Drupal modules used in Care Ami

Access by Term (ABT)

Address Field

Administration menu

Administration menu
Adminimal Theme

Administration views

Advanced Queues

Advanced Queues Advanced Queues Test Block

example

Calendar Chaos tools Comment

Conditional Fields Contact Content translation
Context Context layouts Context Ul

Contextual links CSS Injector Dashboard

Date Date All Day Date API

Date iCal Date Popup Date popup timepicker
Date Repeat API Date Repeat Field Date Tools

Date Views Email Entity API

Entity Bundle Plugin

Entity Bundle Plugin Test

Entity Reference Behd&ueo

ample
Entity tokens Entity Translation Entity Translation Menu
Features Field Field collection
Field Group Field Permissions Field SQL storage
Field translation Field Ul File
Filter FullCalendar Image
IMCE IMCE Mkdir IMCE Wysiwyg API bridge
Inline Entity Form Internationalization Job Scheduler
Job Scheduler Trigger JQuery Update Libraries
Link List Locale
Localization update Localize Fields Localize Fields Ul
Markup Menu Menu attributes

Menu item visibility

Menu translation

Module filter

MultiBlock Multilingual content Multilingual select

Node Node clone Node Reference

Notify Notify Views Integration Number

Options Path Path translation

Pathauto Phone PHP filter

PHPMailer Printer-friendly pages Printer-friendly pagés U
Profile2 Progress Bar Redirect 403 to User Login
Rules Rules Scheduler Rules translation
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Rules Ul Search Simple Password Reset
Smart Trim String translation Synchronize translations
System Taxonomy Taxonomy translation
Telephone Testing Text

Title Token Toolbar

Translation redirect Translation sets Update manager

URL User User mail translation

User Reference Variable Variable example
Variable realm Variable store Variable translation
Variable views Views Views Bootstrap

Views Bulk Operations

Views content panes

Views Ul

Webform

Webform Multiple

Wysiwyg
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Table 7-2 shows the chosen permissions given tditfexent roles (super-administrator,
administrator, clerk, nurse/physician, and patfantily member). Each role can be as-
signed a different set of permissions. By defdahlre are also two roles provided by Dru-
pal: Authenticated Users and Administrators.

Table 7-2Care Ami’s access control permissions, per role
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