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Abstract

Prototyping techniques can hatilized as tools to aid the design and development of
computerbased systems. A wide breadth of stakeholders can be involved in the
prototyping activities throughout the development cycle. End user involvement at the
initial stages of system design is knmoto be crucial to develop systems that meet end
dza SNBRQ SELISOGEFGA2y & | yR vy S SateEFatidg Systan@dzt | NI
(PFS), which are operated by end users with or without minimal external
guidanceHowever, the literature is lacking clear and detailed description of how to
involve and intentionally engage end users at the initial stages of the PFS design
processWe present a study comparing two participatory desigised protocols:
operational complexitiesware group versus opefriahal complexitiesinaware group.

We found that when exposed to potential operational complexities (complicated
situations that end users may expect to encounter), end users provide more
comprehensive and rich design artifacts, in terms of features, toremid usage
complexities. Our results imply that involving exposed/aware users in the design process
yields comprehensive design decisions and features that can be used by developers to
guide system development. Contrary to our expectations, exposing eeds u®
operational complexities gives them this advantage (comprehensive design decisions and

features) independenof their electronic health knowledgdhis approaciprovides

deeper design insights before investing time and resources to develofirsa
prototype.Based on thét SELJ2 adzNBé¢ FIF OG2N 6SELRAaAAYy3a S
complexities prior to a PFS design activity) and the other three literegupported
factors (end user involvement, early involvement, and competencies), we developed a
conceptual frameworkor end user involvement in PFS design. We call the framework
49 ELIR &dzNBé 6 KA Qevare Rarticipatady2Dedigh @ B) Aranfevioik for PFS.
The conceptual framework is built on four intexlated pillars: exposure, end user, ialti
design stage, and electronic health literacy. The core feature of the proposed framework
is end user exposure to operational complexities, in which the exposure process will yield
well-informed and comprehensive design decisions (in terms of featurdsaionale).

The framework addresses the need for a set of guidelines describing the engagement of
end users at the initial stages of system design. We also briefly present regearicith

the author was involved, the Medication Adherence Reminder (M#Rly. It utilized a

form of usercentered and participatory design to engage end users in the testing process
of MAR. MARrovideda way tocompare and contrast the design methodologies with the
G9ELIZ &adzNBY 2y f whittSis thediriary clief thisi dikseation.
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Glossary

The process aéxposing design activity participants (en

Exposure _ _ N
users) to potential operational complexities.
Potential complexities that may be encountered by en
_ users while interacting with Patiefitacing Systendue
Operational

Complexities

to proficiency ofigital skillsin any of four dimensions:
operational, formal, informatioror strategic(Van

Deursen & Van Dijk, 2008, 2009)

An experimental process of designing/proposing inter

Prototyping related features and design elements that represent a
model of a system.
According to the Interaction Design Foundation, Artifa
YSFya alyeé LINRBRdOUG 27T Kd
Artifact object modified by man. It is used to denote anything

from a hammer to a computer system, but it is often
used in the meaning "a tool" iHuman Computer

Interaction HC) or Interaction Desigii S NY A y 2 f
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Chapter ONHntroduction

This study explores the influence of exposiegd usersto operational
complexities underlying online booking systems on their design decisionsugand
involvement in the design process of computer systems is recognized as a strategy to elicit
features that meet enduser needs and expectations. This involesmgains a higher
precedence when the systems are intended to be operated by theusaids without
external guidance. In this study, we focus on Patieating Systems (PFS), which are
operated by patients with or without minimal external guidance. Thek laf external
guidance contributes to other complexities underlying PERS8luding competencies
required to operate the systems and the wide discrepancy between users in terms of

needs and literacies.

It is important to consider endsers during thelesign process of PFShiscan be
done by applying prototyping strategieshen designng the proposed system.
Prototyping provides clear communication channels between developers andsend
during the early stages of systems development, which isntisddo develop systems
that meet enddza Seks and expectationfRodriguezCalero et al., 2020, Norman,
1993, Kirsh, 20100 Prototyping strategies that consider engser involvement are
described in the Human Computer Interaction (HCI) literature aitidivthe context of
design engineeringSanders & Stappers, 2014, Rodrig@zt#ero et al., 2020, Houde &
Hill, 1997. However through our literature revieyveryfew resourceslescribeenduser
involvement in the design process within the context of PHfis hasnotivated us to
explore this research context a specific applied domaimnline booking systems for

breast rescreening patients.

We describe a study that wasnducted intwo phases. In phase one, we worked
with the booking clerks at the Nova Scotia Breast Screening Program (NSBSP) to identify

the potential complexities that might be encountered by ersgrs of PFS (online booking



system). In phase two, we wa#l with patients to explore the influence of the exposure
to usage complexities on their design decisi@@gosed group versus texposed group
of patients)and compared these with those tookingclerks who would already be
familiar with these completies. This study contributes to the understanding of the
influence ofevoking patients, by exposing them to operational complexities,their

design decisions while participating in the design process.

This thesis is presentexsninechapters. Chaptefwo provides an overview of the
literature about the core topics that contributed to forming this study, including online
based services within the context of public commercial services and healthcare services
and the roots of healthcare online booking ®mas and how they are classifieGhapter
two also presents various Human Computer Interaction methods otisadinvolvement

in the design process of computer systems.

Chapter Three presents the research gap that was identified based on the
literature review, in whichwe argue that thdliterature lacks detailed evidence of the

influence ofend usersengagement in designing PFS on the propasesign features.

In Chapter Four we provide an overview of our research methods that were
implemented to conduct this study. Our study was conducted in two phases: interviews
with the booking clerks (phase one) and design activities with booking clerks and breast

screening patients (phase oy.

ChapterHve presents the research methods used for phase onethadesults
that were used to develop scenarios of usage complexities based on mixed HCI methods.
Thesescenari® eachrepresent an extremdctional character (patient) who is tryirtg
book an appointment using an online booking system. Scenarios and extreme

charactersvere utilized to inform the design phase two of the study.



ChapterSx presents the research methods used for phase two and associated
results. The objective of phaswo was to investigate the influence of exposing esdrs
to complexities underlying online booking systems on their design decidibesiesults
showed a significant difference between the design decisioredeby the exposed and
the nonexposed partiipants.The design artifacfsthat were produced by the exposed
participants, showed more rich and comprehensive decisidhan those of the un

exposed participants

Chapter Seven presentBe main points of discussion, service provider and end
user engagement in the design process of,féi®wed by the strengths and limitations

of the research study.

Chapter Eight presents the Medication Adherence Reminder Mobile Application
(MAR) research studyrhis study utilized forms of Us@entered Dsignthat engagel
end users in theevaluation of high fidelity prototypes. Thistudy is considered to
O2YLI NB IyR O2y(iNrad RSaAdy YSGK2R2f23IASa

Finally,Chapter Nine concludes tle dissertationa framework- i K S & 9 E LJ2 & dzNB
Conceptual Framework for Complexitbsiven PateriCl OAy 3 {@8aGSY 5SaAa
conceptual frameworklescribes howservice providers and engsers may be engaged in

the PFS design process.

Ly 002 NRAY3I G2 GKS LYGSNIOGAZ2Y 58aA3y C2dzyRIFGA2YS ! NIAFE O

modified by man.tlis used to denote anything from a hammer to a computer system, but it is often used in the meaning
"a tool" in HCI ointeraction Desigtii SNY Ay 2f 238 ¢ &



Chapter Twol.iterature Review

The main theme of our studgentered on end user involvement in the design
process of online booking systems for healthcare services. This literature review covers
the roots of online booking systems, prototyping techniques as desis,tand endiser

involvement strategies in the design process of computer systems.

11 / 2YLIz0 SN ¢SOKy2f 238 ! RAlIyOoSYSyia
Across many aspects of public services, advances in computer software and
communication havesignificantly improved the overall quality of life measures (Mishra
et al., 2014). Easy access to the internet and increased coverage have impacted the usage
rate of the internet. Recent reports show that in 2Q02Bere were 4.54 billion active
internet users (Clement, 2020). It was reported that within 3 yeafr&ts invention, the
internet reached 50 million users, while it took the radio 38 years and the television 13
years to reach the same number of users (Bell & Tang, 1998). The rapid gravighnet
users advances in the computer (hardware & software), and communication services
have motivated different public service providers to adopt online solutions as a portal to
their services (for the purpose of this dissertation, the tégnoviderQefersto any service
provider withn an organizationas well as toindividuals). Flight bookings, hotel
reservations, shopping, banking, and many other commercial services are easily
accessible through online portals. A closer look at the history of onlinécesrghows
that the first online booking system accessed directly by customasTravelocity in
1996 (Altexsoft, 2019 Travelocitywas created and deployed by Sabre Corporation, and
it allowed customers to reserve and purchase tickets through a vittaakl agency
accessed through the internet (Altexsoft, 2019). This service has changed how travelers
plan their trips, including car rentals, hotels, and flight reservations (Diefenbach, 1998).
Currently, there is no need to visit a travel agency offtcplan and book a trip, and users
are not limited to regular business hours to engage with these agergiven thathese

virtual agencies are open 24 hours per day, 7 days per week (Law & Leung, 2000). Reports



show that 180 million clients esonline travel services orm monthly basis, with an

expected growth rate of 3.8% annually (Rizal, 2020, Nasr, Z0t&&)banking industry is

no exception, as it went through major changes in terms of workflow related to customer
services (Chou & Chou, 2000). The concept ofbseikingdatesback to 1970, where

a2YS olyl OftASyla ¢SNB -Lmgdephere Rervitds {Ckoul OOS &
& Chou, 2000). This approach suffered from the inability to provide visual information.
Another major impediment was ensuring the secure integration of online services with
existing services (Chou & Chou, 2000). This required weprents in hardware,

software, networking, and IT expertigén October 18, 1995, the Security First National

Bank (SFNB) provided the first interAmsed banking services (Chou & Chou, 2000).

There are several factors that influence the adoption aframbanking among end
users. The factors are access to the internet, the trust level between the client and the
financial institute, and the variety of online banking services offered by financial institutes
{ T 2 LIA Z 3.{Theamost influential factais the variety of online products, which is
why banking institutes are competing to provide a wide variety of online services like
credit cards and mortgage§ ( 2 LJA Z §.1CaénZerns related to personal and financial
data privacy are not a concern asitpas the financial institution is able to gain the end
dza S NE O | (PN.BwaZ(#).] The& rapid radvancement of computer technology and
research efforts to investigate influéal factors on the adoption of online banking have
impacted the adoption rate mong endusers; the adoption rate among populations in

developed countries is estimated to be over 50% (Pikkarainen et. al, 2004).

Our review demonstrates that the adoption and acceptance rate of online
commercial servicedike online banking and traveéservationsare high and expected
to continue to increaseAlthough online banking services require accessing sensitive
personal and financial information, engsers find the advantages of online banking
outweigh the privacy concerns (Altexsoft, 2019 Literature indicates that the

collaborativerelationship between financial institutes and their customeosfers the



opportunity to know whatthe customers are loking for { T 2 LJA Z &)1 Hefice, H 1 M C

aSNBAOSa Oly 068 OdAaG2YAT SR olaSR 2y GKS
explain why the adoption rate of online bng systems is rapidly growing among

customers.

4

1.2 1 SFEOGK LYF2NXYIGA2y {eadSYa
Now that we have explored commercial online servicesve will explore online
serviceswithin the context of healthcargn orderto contrast the spread and adoption of

commercial online services and healthcare online booking services.

Technological advancement cangitively impact the quality of cangrovided by
healthcare providers. Healthcare providers have demonstrated a significant level of
interest in adopting health information systems (Brooks & Grotz, 2010, Levey, 2009). The
information systems within the hdidcare sectorcan be recognized as systems that are
meant to be managed and operated by healthcare providers. The same systems may be
operated by patients to achieve specific tasks (Fox & Jones, 2009, Houston et al., 2004,
Weingart, 2006)The adoption ad implementation of information systems for
healthcare providers have been fast in terms of growth and adoption compared to the
systems meant to be operated by patientdany incentives increased this rate for
healthcare providers, like reduction in the stoof services through computerization,
document (clinical, administrative, and financial) events, easy-aegessibility, and
network-based service delivery (Raghupathi & Tan, 2002). The advantages and incentives
are clear fohealth careproviders, which mathen lead to arincreasel adoption rate of
health information system&hendevelopedor use by healthcare providerdcaghupathi

& Tan, 2002Buntin, 201}

In the following section, we explore a specific type of healtha#m@mation system

that isintended to be used bg specific type of endiser (.e.,patients).

Od



121t 1 G y3 a{®EiSya

Health information systems that are developéor use by patients with or
without minimal external guidance are recognized as Patieffacing Systems (PFS)
(Ahern et al., 2011). PFS can support access to hedlted information (Fox & Jones,
2009), safe communication witimealthcare providers (Houston et al., 2004), and
appointment scheduling (Fox & JonesP20Weingart, 2006). PFEE&nsupport access to
health-related informationthrough simplebrowsing Suchsystems are expected to be
easierto operate in comparison tawommunication and appointment systemshichmay
require a set of skills for successfylevation. These skillknown as operational skills
vary across endisers (RodrigueZalero et al., 2020). The Centers for Medicare and
Medicaid Services (CMS) published the Meanirgké rule, which provides guidelines
for PF (Patienfacing) technologies (CDC website, Ahern et al., 2011)s PiFganized
under three man categories with the consideration of meaningful use. The three
categories are information and transactions, expert care andcsef, and community.
In this framework, the service to book and/or view an appointment is under the
information and transaabns category. The information and transactions category covers
the services that grant access the Health Information SystenmH(T) features and
functions that enable selfupport (Ahern et al., 2011Rirect access toedf-support and
healthcare service by patients requireconsideration of their skills and competencies as
system endusers (Karnoe et al., 2018, Nutbeam, 1998). As described above, when it
comes to health information systems, the consideration of functions and features that
alignwithpak Sy 1aQ ySSRa tSIRa (2 I KAIKSNI I R2LIA

The literature about booking issues faced by healthcare providers showththat
internet and personalhealth records(PHR)technology can facilitate more convenient
bookingmethods. An Austlian study to evaluate the acceptance and adoption of online
booking service¥ 2 dzy R G KIF G LI GASydaQ | OO0OSLIilkyOS NI
and accessibility to the internefMaeder & MartinSanchez, 2012)Therefore, it is

recommended to corider effective online booking solutions and strategies to overcome



the inherited limitations that affect the adoption rate. In 2009, Chinese health authorities
launched a national program that aimed to provide outpatients with an online booking
system to @ercome traditional booking issues such as long waiting times (Zhang M,
Zhang C, Sun, Cai, Yang & Zhang, 2014). Results from the evaluation of the national
program revealed thaboth patients and healthcare providers require training programs

and that they must work together as stakeholders to create solutions to address their
needs. In addition, the online booking system needed more promotion to ensure that
patients and physicians are aware of its features, benefits, and how it can be utilized
(Zhang M et al., 2014). However, the study did not clarify what $ypk education
programs and material should be used to train patients and healthcare providers. In 2014,
a study was conducted to evaluate the online services offered by 900 family physicians
from the US News & World Reports' best doctors list (Alpert, 2014). The results revealed
that only 21% of the physicians had a website and that they generally only provide basic
information with no significant functionalityln addition, only 24% of theswebsites
adzZLILI2 NI SR 2yt AyS 0221Ay3a aSNBAOSad ! f (K2dz
features and functionst did not evaluate the type of language and terms used on the
web pagesThe study did not address the language used on the interfacajdition, it

did not communicate directly with the physicians (website owners) to find out why they
have websites with limited functionality. Knowing the rationale behind this type of
website would be beneficial to inform the literature of onlibesed hetihcare services

and the barriers of having onliAgased services.

As discussed above, healthcare information systems are not suppbkedhe
other online commercial systems. For exampigine banking is supported by live chat,
phone support, and -enail inquiry forms. In addition, all external support services are
operated by customer service agents who axailable beyond normal working hours. In
contrast, healthcare services are not similarly staffed and structured. Health systems are

further complcated by the need for understanding medical terminology. In the next



section, we explore the nature of competencies that are required to operate PFS and their

influence on the endisers.

1.3 9Yy@RAQONAYLISGSYOASmI 8a§R hFNWYSSa

The discrepancyetween people whodo and do notuse digital technology
SFFSOGA@PSte Aa RSAONAOSR a || GaRDMAgdio f RA D
& Hargittai, 2001, Hargittai, 2001, Warschauer, 200d4n Deursen & Van Dijk, 209
However, an Dijk(2005)F NBHdzSa GKIF 0 GKS GSNXY GRAODGARSE Az
intrusive to the efforts to bridge differences in usage (Van Dijk, 20@5)hermore, Van
Dijk (2005)proposeghat there are four reasons behind this misunderstanding. Firgt, th
term divide is used to explain a phenomenon of a clear division between two things and
GKS RAIAGEE RAOGARS A& YdzOK Y2NB O02YLX SEd { ¢
0S GONARRISRED® CKANRE (GKS RADARS twaea twaza dzl £ f ¢
groups or more of people (users). Fourth, this division is not separated by one line that
represents inequality, it is more complex and involves four divisions. According to Van
Dijk, the divisions are motivational, physical, skdlated, andusagerelated divisions
(Van Dijk, 2005).

¢2 a2t @S GKS AaadzsS 2F GKS aRAQGARSZé Al Aa
who are facing unequal access to digital services. Therefore, more attention must be
directed into the root issue (Vabeursen & Van Dijk, 2009). Policymakers assume that
passing rules and policies to increase access to computers and the internet will solve the
AdadzS 2F (KS deusséh® vanDijkRA0D)ATReS dssumetthaypeople who

gain better and fasterecessibility will successfully operate the public online systems and
complete the tasks required to get the service they are looking for. According

to VanDeursen & Van DijiR005) the root issue of using onlidgased tools is not the
accessibility to sutservices, it is more about the ability to complete the tasks correctly

using onlinebased servicef/anDeursen & Van Dijk, 2009H.study conducted in 2009

in Denmark to assess the internet operational skillDahishcitizensused an operational



framework to measure the internet operational skills of their participaf\tanDeursen

& Van Dijk, 2009). The researchers used an operational framework to measure the
internet operational skillsof their participants. This framework considered four
dimensionof digital skills which were measured and evaluafédn Deursen & Van Dijk,
2008, 2009)The dimensions are operational skills which focus on the ability to operate
internet content, formal skills which focus on skills required to navigate through the
digital interface, information skills which focus on skills to search for information on the
digital domain and strategic skills which focus on the ability to utilize the identified
information to complete digital taskd&an Deursen & Van Dijk, 2008, 200%e
researchers selected nine internbased tasks that were categorized by the Dutch
government as easy tasks that can be completed by the public. Tasks were completed by
109 participants and their performance was measured by calculating the succesg rate o
task completion and time spent to complete each t@gkn Deursen & Van Dijk, 2009).
The esultsindicatedthat participants managed to comple89% of the operational skill
tasks, 72% of formal skills tasks, 62% of the information skills tasks, and 22% of strategic
skills taskgVan Deursen & Van Dijk, 2008he esultsdid not match the expectations of

the policymakers, as they assumed that such tasksld be achievable if access to
internet servicesvas granted(Van Deursen & Van Dijk, 200R)is recommended that
policymakerspaymore attention to skillgelated competencies and not just focus on the
accessibility to digital technologies and services (Danrsen & Van Dijk, 200Bertot,
2003,Van Dijk & Hacker, 2003, Hargittai, 2002).

The strength of the study byan Deursen & Van Dijk (2008) is it refutes the notion
that improving the accessibilityo computers and the interneimproves end user
readiness to operate onlinbased servicesThe relatively small sample size (108)its
the generalizatiorof theresults. In addition, their inclusion criterion of using the internet
at least once per mothtis too broad to define the targeted population. This is due to the
high internet usage per household in Denmark, which is known to be the highest in Europe

(Seybert & L66f, 2010). More specific inclusion criteria based on the educational
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background may dwve provided more meaningful results, because educational
background may have an influence on internet usage in terms of frequency and purpose.
We also noticed that the tasks were completed by the participants did not include

terminologyrelatedtasks(Van Deursen & Van Dijk, 2009

Therefore, @d user competencies must be consideradhen assessinghe
readiness to use online systemniBhis is to ensure that the end users will be able to
overcome potential operational complexities related to thigovementioneddigital skill
dimensions (operational, formal, information and strategiChmpetencies vary across
the domains of online systems agd/enthat our study focuses on healthcare systems, it
was important to explore competencies within the contextRFS as outlinedin the

following section.

131t FGedPYaya {eaildSYy ! aSNEQ [/ 2YLISGSyYy O
With advancements in computer technologies used within the healthcare context,

it is necessary teevaluate technologyriented competencies within thénealthcare

domain electronic literacy and health literacy (Karnoe et al., 2018). The relationship

0SG6SSYy LI GASYyGaQ KS hdaiedskilfs miask bel cQnideredyt® O2 Y

ensure the best possible use of PFS (Karnoe et al., 2018). Healthyltarabe defined

Fd G0KS aO023ayAGAGS YR a20A1t aiAftta 6KAOK F

to gain access to, understand, and use information in ways which promote and maintain

322R KSIFIfGKé 0O0bdzioSl YI wdidoymeasurghédhh liieddt a G K
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information (Karnoe et al., 2018, Parker et al., 1995, Murphy et al., 1993).

Karnoe et al.{2018)believe that it is essential to evalahealthrelated and
technologyrelated competencies to ensure the best possible results of eHealth projects.
The eHealth Literacy Assessment toolkit was developed over five vyears

of experimentations, evaluations, and refinemeifigarnoe et al., 2018). €motivation
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was the lack of a multidimensional evaluation tool that can be used in populations with a
wide range of sociodemographic characteristi€giginally, they started with 10 tools
that were pilot tested among patients over tiperiod2011to 2015. The definitive version
was validated among 475 outpatients and general community members. The final
validated version of the toolkit consists of 7 tools, each tool is made of a set of questions,
to evaluate competencies needed to navigate and operaHealth services, such as
completing health surveys and forms using a digital interface. Each tool focuses on an
independent and specific competenciunctional health literacy, health literacy self
assessment, familiarity with health and healthcarepkiedge of health and disease,
technology familiarity, technology confidence, and incentives for engaging with
technology (Karnoe et al., 2018). Karnoe et(2018)recommendthe e-Health Literacy
Assessment toolkit (elLA toolkit) in eHealth projects tagain a deeper insight into the
potential future users and to inform design decisions by PFS developersour
knowledge, the eHLA toolkit is the only -Bealth literacy assessment tool that was
validated within healthcare context and the only tool thansiders electronic and health

literacy of the intended end users (patients).

As previously discussethe literature indicates that the notiorthat increasing
accessibility to computers and the internet wikcessarilyn itself increase the use of
online-based services isot correct (Van Deursen & Van Dijk, 200 addition, more
attention must be paid to the competencies and skills that are required to complete
online taskgKarnoe et al., 2008 We believe that the interrelated set cbmpetencies,
health and electronic, increase the complexities underlying PRiScan be resolved by
improving the targeted endser competencies or/and designing systems that match the
endusers expectations and skiflsarnoe et al., 200)8These resus$ led to an examination
of current practicesfor designing PFS and how developers are accommodating the end

user competencies in the design process.

12



14 1 dzYly [ 2YLIJz0 SN LYGSNY OGAz2y wS&aSI ND
Human/ 2 Y LJdzd SNJ LYy G SNJ OG A 2y ddlofstudy focusing on- Y dzf

the design of computer technology and, in particular, the interaction between humans

O0GKS dzaSNRUO MaR Is BEmdrCippudeNIntéraction (HCIY?.d.).Our

research focuses on the influence of exposing asdrs to operational complexities on

their design decisions. It wasportant for us to explore the foundations of ender

involvement in the design process. This was achieved by revi€#B8design processes

and desigrstudies within the context dluman-Computer Interaction

Exploring and understanding the interaction betweend users and computer
systems enables developers to design systems that can be used effectively by a wide
range ofend users (McCrickard, 2004 addition,the consideration ofunctions and
features that align withlz& Snéil€)increases adoption rates among users and providers
(Irizarry, 2015). The Participatory Design (PD) approach isavadpted and highly
adopted by HCI researchers (Hartson & Pyla, 2019). This approasiders the
involvement of the enduser who will be directly interacting with the information and
communication technologies (Robertson & Simonsen 2013). It has been demonstrated
that design is better developed in direct collaboration with the main ustnis: is to
ensure a design that fulfills the needs and values of the main users (Robertson &
Simonsen 2013, Leong &lsertson 2016). Involving users in the design process helps
identify valuable functions and featurefr the users(Simonsen & Robertson 2012,

Christensen, 2014).

A main advantage of PD is that it strongly ties the design process with thesersl
who will be directly impacted by the outcomes. PD ensures that participants who
represent the main stakeholders (usersilvieel their direct contribution to the design
process (Robertson & Wagner, 2018)ey will feel empowered once they realize that
their expertise, expectations, and needs have been utilized in the design process (Leong
& Robertson 2016, Robertson & Wagn2013). There are two different approaches of

PD, the Scandinavian and American approaches (Spinuzzi, 2005). Where the Scandinavian
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approach promotes the direct interaction between the researchers and participants, the
latter approach promotes remote aervation by the researchers (Spinuzzi, 200#D
usually starts by initiating an exploration stage, where developers interact directly with
the participants to gain a deeper insight into how they perform inuBageenvironment
(Spinuzzi, 2005). The sexbstage involves discovering the overall goals and values of the
intended users. The third and final stage involves building design artifacts directly by
users based on the previously identified goals and values (Spinuzzi, 2005). Just like any
methodology, PD has its limitations. It is argued that the PD approach heavily relies on
the features and functions that are identified in the produced artifacts. Focusing on the
final products in terms of features neglects the workflow of Hystem implementation

of the PD methodology, requires a high level of commitment by the researchers and
participants, which imposes a limitation due to the required resources in terms of time,
budget, and effort. PD studies tend to be implemented over multiple stages thatatake
long time, which discourages some participants from fully committing to all study stages

(Bertelsen, 1996 &pinuzzi, 2005).

We believe that PD is a useful HCI research method that enables the direct
participation of endusers in the system developmeniut this direct participation by
specific participantsin the development processs limited in that it may only
accommodatehe needs and expectations of the participants that were involved in the
design process. Therefore, wexplored the literature to identify arapproach that
provides the ability to identify design features beyond the needs and expectations of the

participaing endusers

User Centeredesign (UCD) is a design approach that accommodates the
stakeholders, with a focus amsers by considering their requirements and expectations
(Junior & Filgueiras, 200Farly in the design process, user needs and behaviare
often captured using one ahe following user modeling techniquesser roles, user
profiles, user segments, marketing segments, personas, andisenpersonas (Junior &

Filgueiras, 2005)n contrast to user modelinghe PD approach relies aliirectlyinvolving
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the enduser in thedesignprocess. Interestingly user modelitgchniques offer more

Tt SEAOAtAGE Ay SELX 2NAy3 dzaSNBRQ ueSBBRa o6SOl
development process. For example, using extreme characters as a user modeling
technique enables developers to build systems by accommodatingue andunusual

end user needgJunior & Filgueiras, 2005). User roles, user profiles, user segments, and
marketing segments can be considered as #@yel user modeling techniques (Junior &
Filgueiras, 2005, Cooper et al., 2014, Brusilovsky, 199&t&dine & Lockwood, 1999).
Suchtechniquesmay benot comprehensive enough toovera wide variety of endisers

with diverse needs and expectations (Junior & Filgueiras, 2005). On the other hand,
extreme characters and personas techniques do considerussds with specific and
unique needsBy focusing oraccommodaihg distinct and extreme personas the
design,needs shared broadly across the user populasbouldalsobe accommodated.
According to Rich, users must be recognized as individuals winisidering their
objectives behind using the intended system (Rich, 1979). Creating users' profiles with
extreme characters with unusual needs and expectations can be helpful in terms of
identifying usage scenarios that are hard to discover (Djajadiniegedt, 2000). Unusual

and unique requirements and features can be identified through the Extreme Character
method (Junior & Filgueiras, 2005). A model for creating personas and scenarios by
Nielsen was adopted to inform the creation of the complex boglsnenarios (Nielsen,
2003). According to this model, personas should be complex and reflect characters
interacting within settings that can be associated with reality (Nielsen, 2003, Nielsen,
2002).

Exploring and utilizing different personas tmform usage scenarios allow
developers to gain a deeper insight into a wide range of potential future {dersor &
Filgueiras, 20056 Thisleads to the development of systems that accommodate broad
needs and expectations by eners. Incorporating estme characters into the usage
scenarios mawlsolead to the development of more immune systems to unexpected

usage complexitiegJunior & Filgueiras, 20D5However, we believe that limiting the
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design process to extreme characters may lead to systensgyuole that are ovdy
complicated and may be overwhelming for mainstream users. Utilizing personas and
extreme characters requires a medium for conduction angdlementation. Thereforgit
was important to identify a method that can be used as a mediureXplore system

designs.

141t NeG2deLAy3 aSikK2Ra (G2 9ELX 2NB { @&&

Prototyping methods provide a rich medium to exchange ideas betweenssrd
and developersRodriguezCalero et al., 202M0Norman, 1993, Kirsh, 2010). The choice of
prototyping method is dependent on the objective of the prototyping activiltystem
developers often limit the advantages and capabilities of prototyping by using it to
evaluate a system user interface that was already designed either at an early stalgée
thisis an appropriate approaclbut if considered athe initial stages of designing, it will
increase the potential even further. Utilizipgototypingonly at later stages may limits
potential by using it to improve a specific prototype withire limits of an executed and

functioning design (Buxton, 2007).

System developers may work on projects to identify systems features and
requirements and/or to evaluate the usability of the systems. This is why we believe it is
important to clearly undestand the difference between software requirements
engineering and usability engineering. Software requiremengineering consistef
three main elements: identification, analysis, and communication (Hooper and Hsia,
1982. Usabilityengineering consistsf prototyping, empirical user testing, and iterative
design (Nielsen, 1992, Wogalter et al. 199%e methodological framework faoftware
requirementsengineeringdefinition was developed and published by Hooper and Hsia in
1982 to guide requirementsdentification by endusers (Hsia, 1982). Tohidi et al.
conducted a study to compare a single interface against three interfaces, all sharing the
same functionality (Tohidi et al., 2008). The only difference between the interfaces was

the style presentedd the users. Their results suggest that users in the single design group
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rated the proposed single design significantly higher compared to the three designs
group. The single design also received less criticism. Tohidi stcalmmended not
limiting the participants to one option or functioning prototype.

This review focuses on work based on three criteria:

1. Projects with PFS research context, in which the proposed systems were intended to
be used by endisers

2. Projects that consideredeveloping new systems (prototypesind

3. Projects that considered stakeholders (service providers andisar) in the design

process.

The objective of this review was tlescribehow endusers' (patients) involvement
is congered in the design process. These projgsise Table lare illustrativeof the
literature, in which PFS projects start by developing prototypes among the system
designers and healthcare providers without involving the patients at the very initial
prototyping/designing stages.The healthcare providers are approached by the
developers to involve them in feature elicitations activities or to initiate ethnographic
evaluations that lead to functioning prototypes or meggs. At a later stage, patients are
approached to evaluate the prototypes and suggest improvements (Yang & Asan, 2016,
Piper & Hollan, 2013, Ni et al., 2011, Nystorm et al., 2018, Honekamp & Ostermann, 2011,
Gonzales & Riek, 2012, Wilcox et al., 2010, Martinez al., 2dB8u et al., 2013 In these
projects, researchers started the design process by talking to the service provider to elicit
GKS aeadsSvyaQ TSI ddz2NBa Iy Rinvdling the édduseridy St S
recommendedwe believe that limiting the initial discussions to healire providers may
be acceptable as a starting point for the proje¢toweverijt is important to involve end
users to elicit features and general borderlines for the system before developing the first
prototype. Participants may agree on whatever is prasd to them, which may limit
their ability and willingness to suggest additional features. We also noted that only one
project considered the competencies of their participants, although it is recommended to

always measure the competencies of participait PFS projects. This is to ensure that
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the participants are a good representation of the targeted population and to ensure that

the proposed system will accommodate emskers with different levels of competencies.
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Title

Enduserstime of

Endusers

Task for Usability

Observations

Involvement stimulation/evoking Testing
. . 1 No thorough documentation on how tasks wer
Supporting medical . . . .
S . No stimulationgévoking defined.
communication for | Late involvemerfpost . ' .

. . techniques were Completed 7 pradefined |  Prototype was developed without engsers

older patients with a| prototype development| . . I . .

implemented during end tasks for usability testing involvement.
shared touchscreen . . . - .
computer, 2013 users involvement 1 No consideration of participants hehltiteracy.

’ 1 No consideration of operational complexities.
AnatonMe- 1 Thorough documentation on how tasks were
Fgc?ilitz:'[ine.Doctor defined (based on discussions with healthcare

: g . No stimulationkvoking providers and thematic analysis).
Patient Late involvement/post . ' ;

o techniques were Completed 6 pralefined | 1 Prototype was developed without engkers

Communication prototype development| . . . . .
. S implemented during end| tasks for usability testing involvement.
Using a Projection . . . - .
users involvement 1 Consideration of participanfhealth literacy (3

Based Handheld . ) )
Device. 2011 levels of health literacy low, medium and high

’ 1 No consideration of operational complexities.
Dependable online
appointment 1 No documentation on what endsers did during
booking : . No stimulationkvoking the data collection phases.

Early involvemeriprior . .

System for NHIS techniques were 1 No documentation on how features were

Lo prototype development| . . NA .
outpatient in implemented during end elicited.
Nigerian users involvement 1 Physician and patients were involved in the
Teaching hospitals, early design phases.
2014
Methods for 1 No thorough documentation on how tasks wer

i . i i i ) defined.

PatlentCentered Late involvement/post No stlmu_lat|onbvok|ng Completed 3 pralefined
Interface Design of rototvpe development techniques were tasks for usability testind 1 Prototype was developed based on features
Test Result Display P yp P implemented during end y 5 listed in literature.
in Online Portals users involvement 1 No consideration oparticipant<health literacy.
2018 1 No consideration of operational complexities.

Table 1PD studies in PFSl§servations Summnng)
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Title

Endusers time of
Involvement

Endusers
stimulation/evoking

Task for Usability
Testing

Observations

Application of the FITT
framework to evaluate
a prototype health

Late involvement/post
prototype
development

No
stimulation/evoking
techniques were
implemented during

Completed one task
that wasdefined be
experts and based on

b2 O2yaARSNIGAZ2Y 27F
electronic literacy.

Evaluated a prototype using a framework that
consideed 3 factors technology, user and task. Al
participateswere welkinformed university studerst
and employees.

LIk

information system endusers literature . . . .
. 1 No consideration of operational complexities.
involvement .
1 No thorough documentation on how tasks were
defined.
1 No prototype was developed, conceptual design
A Shared Interface to was 'proposedngsed on literature <_':1r_1d contextual
. . inquiry discussions with the physicians.
Improve Oncologist No involvement NA NA L
Patient 1 No patient involvement, although the proposed
system wasntended for useby patients and
physicians.
NG 1 b2 O2yaARSNIdGAZ2Y 27F LI
stimulation/nrovokin Semistructured electronicliteracy.
Designing Patient Late involvemeripost on'p 9| interviews with end 1 No consideration of operational complexities.
. . techniques were ; .
Centric Information prototype users for high level | § Prototype was developed without endser

Displays for Hospitals

development

implemented during

feedback and features

involvement.

endusers elicitation 1 lterative design and feat licitati ith
involvement iv g ures elicitations wit
physicians.
A PatientFacing One enduser was No 1 Thorough documentation of ntbods.
Diabetes Dashboard involved during early | stimulation/provokin 1 Only one patient was involved in the design sprin
Embedded in a Patienf design andhe rest of | g techniques were NA T raroAtAde GSadGAay3a Gl aj
Web Portal: Design endusers were implemented during dzaSNE¥ ySSRao
Sprint and Usability involvedlater for endusers 1 Numerical and health literacy measurements tool
Testing usability testing involvement were considered for recruitment.

Table 1PD studies ifPFS (Observations Summgiggntinued)
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From this list okight projects, wewill now highlight the study that provided the
most detailed review of endiser engagement in the design process. The study was
conducted to design and develop an onlbased PFithin the context of diabetes
(Martinez et al., 2018). The core feature of this RS to involve patients in managing
their medical conditions through a pltig dashboard that can be used with an established
LI GASY G LRNIFf® ¢KRSHBAF NDKB WE ¢ ML KEGR2E B
2015, Knapp, 2016) followed by usability testing activities to design and evaluate the
proposed PFS (Martinez et al., 2018). The design sprint was conducted over two phases,
4 daysfor design(phase one) and aedlicated day for usability testing (phase two). In
phase one they identified a set of literatubmsed challenges within the context of
diabetes seHmanagement and reviewed existing design solutions across different
domains including banking and educatio Based on the existing design solutigihgy
developed a mockip prototype for the proposed system. In phaseo, 14 participants
(diabetes patients) were invited to the usability testing activity. Upon arrival, participants
were asked to complete a shajuestionnaireconsistingof basic demographic questions,
a health literacy measurement tool (Sarkar et al., 2011), and a numeracy literacy
measurement tool (Fagerlin et al.,, 2007). Personal medical information for each
participant was extracted from themain medical chart. The participants wererbally
AYOINRRdAzOSR (2 (GKS LINRG2GeéLIS 0 & fl2 dx5éa SR dXNRAKY
the session. After completing the introductory session, participants were asked to
completefive tasks using therototype. The tasks were created by the researchers based
on what they believedvas a representation of tasks that may be performed by any
GOGBLIAOKE dzASNE GKAES dzaAy3d GKS FLILX AOFGAZ2Y

Sinceresearchers involved only one patient during the design sptia,design
population sampledid not represent a wide range of patients whoulduse the PFS in
future. Another issue noted is the selection of tasks that were used to test the PFS. The
GFralta 6SNB o0dzAtd oFaSR 2y ade@LIAOFft dza SNE
SELISOGIGA2ya o2dzi GKS dza SNEase hoball dndisérgé (2 dz
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I NB & ( & LINeSting and dimigSimgEpldases must accommodate a wide range of
users, to ensure a system that can be used in extreme situafthmgor & Filgueiras,
2005. The researchers relied on a health literacy measuremntent, that consistedof
guestionsrelated to literacy andhe ability understand medical formsas well asa
numeracy literacy measurement tool. We believe that both tools may be suitable
measurement tools for different research contexts but not for ithproposed PFES
because endisers are expected to interact with healtalated data(health literacy)

presentedin the context ofcomputer systenfe-literacy)

The eight studiesvaried in how thesystem developers utilized prototyping
methods and technique to explore design features that may be proposed in the final
systems designsrototyping was usedfor features elicitation and systems usability
testing, butthe justification forthe chdce of prototyping methodswas not clear
Therefore, it was impoént to explore the factors that may be used to identify the proper

prototyping method based on theesearch context

142t N2 12 aBIKFRBA YSAYRAA 2V &

This section explores and reviews commonly used prototyping methbls
design space is considered as a canvas that can be used to explore different viable
solutions for a specific issue, this exploration can be done through prototyping
(O'Raghallaigh & Adam, 2017). Prototyping is considered as a design tool that st be u
to understand and elicit future system requiremengs\d toresult ina domainspecific
design or domaigeneral design (Rodrigu€zalero et al., 2020). Domageneral design
is the design that can serve multiple purposes across a wide range ofdieldgsearch
contexts (RodrigueZalero et al., 2020, Daly, Adams, & Bodner, 2012; Goel & Pirolli, 1992;
Visser, 2009; Zimring & Craig, 2001). On the other hand, despeicific design is the
design that serves a specific purpose within a specific diseifRodriguealero et al.,
2020, Visser, 2009). It is important to know what problem is being solved by applying
prototyping methods during system development (Litcher, 1994). Prototyping
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approaches can be categorizeblased on the goals and problems hgisolved as
exploratory, experimental, and revolutionaprototyping (Litcher, 1994, Floyd, 1984).
The exploratory approach which is the focus of this studyusually adopted by
developerswvhen the problem and its boundaries are not clearly defi(iether, 1994,
Floyd, 1984). It can be utilized at the initial stages of system development to foresee the
potential challengedo be considered in more mature prototypes at later stagés
development. Some prototyping methods are camtd timeconsumingout support the
successful interaction of engsers with the system and increase their sense of ownership
of the final product. Rapid Prototyping (RP), which is a less-¢mnsuming approach,
consists of four dimensions: form, fidelity, scope, and intevég. Understanding each
dimension will help in the identification of suitable prototyping methods for different
information system projects, see Table 2 (O'Raghallaigh & Adam, 2017, Floyd et al., 2007,
Jones et al., 2007, Beaudouin & Mackay, 2003).

Dimension Level
1 Less evolved: Quick, inexpensive and does not supporttieal interactions
such as paper sketches

More evolved: Slow, expensive, and supports teak interactions, such
software codes

Form
(representation)

Horizontal: shallow only shows chosen functions at the interface level
Vertical: deeply explores functions starting at the interface level to the sys
level

=a =4

Scope (extent)

Low fidelity: Quick, inexpensive and does not stmw the final product work

- 1
Fidelity (accuracy Highfidelity: Slow, expensive, and the final product can be predicted

and level of detailg

o 1 Static: observational, quick, inexpensive and no deep insight can be gathg¢
Interactivity (the
extent to which from the protaype
1 Dynamic: interactional, slow, expensive, and deep insights can be gatherg

prototype can be

functional) from the prototype

Table2 Prototyping Dimensions
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Prototyping dimensions are used by developers to guide the process of selecting
the proper prototyping method based on resources, objectives, and available time.
Therefore developers can identify the suitable prototyping method that enables them to
reach their design goaldt is important tonote that there is no perfect prototyping
method and thattrade-offs must be made to fulfill the final goal (O'Raghallaigh & Adam,
2017, Floyd et al., 2007). Developers can balance between the dimensions Inatbed o

needs.

The Plastic Interface for Collaborative Technology Initiatives (PICTIVE) is-a mock
up participatory design prototyping technique that employs {®ghnology methods and
video recording to support/record prototyping tasks (Muller, 1991 CRVE enables
potential endusers to experiment with the design space in the initial stages of system
development through static, losidelity, coursegrained, and lessvolved system moek
ups (Muller, 1991, Bodker et al., 1987, Bodker et al., 1988). \FECi§la simpleyet
powerful, method that provides equal design opportunities to eanders by utilizing
simple office materials that can be used and manipulated by-exerts to build mock
ups(Muller et al., 1993)The concept of equality is obvious whearticipants apply their
ideas without relying on a design team or other powerful stakeholders (Muller, 1991,
Thoresen, 1990). Mulle(1991) defined two design objects that can be used for
LINPG20@LIAYIY aAYLIE S 27F7TAOS-ItTHmtastoimaby’siteS,~ & KA
stickers and labels, and paperclipsk f £ Ay | NI y3S 2 F-basddih IKG C
icons that represent interface commands like didgwn menus, command bars, menu
bars, text boxes, etc., which are prepared by researchegesigners based on the nature
of the project (Muller, 1991)Utilizing the dimensions and fidelity of prototyping enables
systems developers to identify the right prototyping methods based on their needs and
resource§O'Raghallaigh. Adam, 2017, Floyd et al., 2007, Jones et al., 2007, Beaudouin
& Mackay, 2008 Dimensiongnay also enable developers to identify the prototyping
method that allows proper endser engagement in the design process by choosing the

method thatmatches endiserskills
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Prototyping can be utilized to aid in developing the fremid and baclend design
of systems (Rodrigue2alero et al., 2020). The baehkd represents the backbone of the
system and usually, it is limited systems developers, while the freand, referred to as
the clientend design, includes all interface elements that are used directly by the clients,
(RodriguezCalero et al., 2020, Dorst & Cross, 2001). The challenge is to anticipate the
problem faced lg endusers and provide the solution to thewhile ensuringhis solution
meets the expectations of the client (Rodrige@alero et al., 2020, Dorst & Cross, 2001).
Therefore, frontend prototyping and main user engagement may be the solution to
overconingthis challenge (Rodrigue2alero et al., 2020). Prototyping can be initiated by
developers at any stage during system development (Lauff et al., 2018, Roddgleza
et al., 2020, Coughlan, Suri, & Canales, 2007). It can be applied during the e st
without the wait for the system to mature for testing (Coughlan, Suri, & Canales, 2007,
RodriguezCalero et al., 2020). Utilizing prototyping methods at the initial stages of
system design may yield system requirements and specifications that meetisard

expectations (Jensen et a2017, RodrigueZalero et al., 2020, Cooper, 2018).

The level and timing of endser involvement in the prototyping differ between
the American and the European prototyping schools. The Americans prefer a rapid style
of prototyping that gets the prototype to the functional stage as soon as pos8ible
testing bythe end users, while the Europeans tend to be more udecused (Litcher,
1994). In other words, the Americatyle ofprototyping ismore enduserindependent
compared to the European whichnsore end user depenént (Litcher1994).However,
as Privitera et al. arguehallengesare expectedwhen engaging endsers in system
development (Privitera et al., 2017). In their studizey evaluated tle encounters
between 18 medical device firms in the U.S and asdrs at the hospitaleshere they
identified 11 challenges associated with aergkr involvement (Privitera et al., 2017). The
identified challengesvere: user familiarity with system developmg& Research Ethics

Board approvals to exchange information with users, ability to express needs by users,

25



time coordination to meet with users in groups, users' personas, users clash during groups
activities, cost, legal obligations, initiating the ficsintact with the user, motivating users

to optimum innovation and artifacts analysis (Privitera et al., 2017). Privitera et al. believe
that utilizing enduser thoughts and expertise in the system development process,
outweighed the challenges imposed byheir participation (Privitera et al., 2017).
Therefore, system developershould involve endusers in the development cycle
(Privitera et al., 2017). They also suggest developing guidelines farsen@éngagement

to addresschallenges and ensure a high level of eisér engagement.

Endusergkarly involvement in prototyping activity is described in the HCI and PD
literature (Sanders & Stappers, 2014, RodrigGetero et al., 2020, Houde & Hill, 1997).
It is alsodescribedin the literature within the context of design engineering (Rodriguez
Calero et al., 2020). Howevehesedescriptiors are either highlevel accountsor focus
on usability testing at later stages (Viswanathan & Linsey, 2009, Yang & Epstein, 2005,
Rodrigue-Calero et al., 2020, Dieter & Schmidt, 2013, Pietzsch et al., 2009, Zenios et al.,
2010). Tislack ofavailabledescriptiors of engagement strategies at the initial stages of
prototyping motivatedRodriguezCalero et alto explore methods of engagemensed
by healthcare device designers (Rodrigtero et al., 2020). They conducted semi
structured interviews with 22 designers from 16 medical device companies in the United
States. The 16 companies varied from major firms W@j900+employees to smalfirms
with less than 50 employees. The companies' services cover the entire globe (Redriguez

Calero et al., 2020).

The interviews with the designers revealed a total of 17 strategiesvieet used
by the designers to engage their stakeholders. Theruitws also revealed that the
engagement strategiewere not consistent among the designerstiwiess than 56 of
the designergndicatingthat they used the same strategiesThe core principles for the
strategies toengagethe participants varied across the designdfer example, some of

the designers relied on varying the number of prototypes presented to participants, while
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others relied onmodifying the prototypes during the sessionacross the participant
groups. Somedesigners(7 out of 22 stated that theyevoke participant insight and
feedbackby simulating ause case scenario and agsk the participants to interact with

the prototype RodriguezCalero et alindicatethat the identified strategies may be used

by system designers to improve communication with the stakeholders and reach designs
that meet their needs and expectations as well (Rodrig@alero et al., 2020). They also
concluded thafurther research is neged within the context of endiser engagement to
develop guidelines and documented them in the literature used by the designer's

community (RodrigueZalero et al., 2020).

End user involvement strategies are not clearly descrilaed their influence on
system designs is noterified throughresearch in the literature. There are different
involvement strategies that are listed brieflyat were identified through discussions with
system developers. We believe that involvement strategies require rigorous testing and
validation to identify their influence on the final systems designs. The previously explored
literature has led us to identify a research gap that formed the scopaiostudy. The

research gap and research question are discussed in the following chapter.
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Chapter Three: Research Gap And Question

21 wS&aSIkNDK DI LJ

Computer systems design and development literature recogtireeimportance of
usingprototyping as a method to involve enders in the design process. Recognized end
user involvement strategies include early involvement in the design process, intentional
stimulation, and the consideration of the operational competencies. However, the
literature lacks a clear and detailed description of howewwoke/stimulate endusers
during early design stages and the impact of this stimulation on design outcomes within
the context of PFESThe published descriptions angainly focused omisabilitytesting at
a later stage of prototypingandwithin domains thaido not necessarilgeneralizeéo PFS.
In my work, herefore, | analyze the influence on design decisions of intentionally
evokingexposing patients to operational complexities of online PFS booksigg

extreme characters and scenario methodologies duarnmarticipatorydesign activity.

22 1 2y GSEI

All Canadian provinces support organized breast screening programs that provide
screening services to women of appropriate age and risk. The Nova Scotia Breast
Screening Program (NSBSP) was established in 1991, and since that time, the program has
relied an a central booking office that books all screening appointments. Screening
patients are selfeferred and must contact the program during regular business hours to
book an appointmentWe partnered with the NSBSP to explore and gain deeper insight
into the interaction between patients and the booking system to investigate the
consideration®©f moving to a patienfacing booking system. In the interest of simplicity,
this researchiocused on booking previously screenmtients(i.e., rescreening patients)

who already have demographic and history/eligibility information on file with the NSBSP.
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The study startedvith the preliminary research objectigef understandng how
re-screening appointmentsvere handled by booking clerkgxploiing the current re
screenng booking process to inform an alternativebeoking method and identifying
complexities associated with online booking systesith the goal of defining extreme
personas and related scenarioBhis primary objective ledta research question that
formed the basis fothe second phase of the studyhe second phasa&imed to explore
the interaction betweend S| f G K [ AGSNF O& FyR LI GASYG&aQ St
and how this interaction may influence the way Pati€ficing Systems (P& designed
by patients. The question that guided the research is:
How do e-Health Literacy and exposure to operational complexities influence
comprehension of complexities underlying Pati€igicing Systems design, rmsasured
by requirements fulfillment, scenaribased walkthrough, and thematic analysis of design

decisions?
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Chapter Four: Methods
31 h@SNIASo

This study utilized a mixednethods approach to investigate the influence of
exposing endusers to operatioal complexities on their design decisions during the
prototyping stage of systems within the context of healthcare online booking systems.
We used a mixture of quantitative and qualitative research meth&thgonenboom &
Johnson 201)/based on relevaniteérature (Martinezet al., 2018, Rodrigu€alero et al.,
2020, Privitera et al., 2017, Muller, 1991, Karnoe at al., 2018).

User Centered Design (UCD) and Participatory Design (PD) principles were
considered while creating the data collection methdésllowing requirements elicitation
techniques from UCD we identified PFS challenges from the literature and used
discussions with the booking clerks to inform scenarios and extreme chardl<srsoe
et al., 2018. Thenwe utilized challenges, scenarios@extreme characters to inform the
PD activity withthe endusers.The main principle considered is the involvement of the
main stakeholders (patients, booking clerks, and management staff) that have a direct
relationship with the online booking system atl phases. We involved the service
providers (booking clerks and management) and asdrs (rescreening patients)The
prototyping approach adopted is the Scandinavian approach, where we directly
interacted andevoked the stakeholders during the datalleation phase (Spinuzzi, 2005).
This contrasts with the North American approach that relies more on observing the
stakeholders with limited direct interaction (Spinuzzi, 2005). We chose the Scandinavian
approach because it aligns with our research questiotl KI &t F20dzaSR 2y (K¢
exposure and stimulation of our participants, which allowed us to interact directly with
the end users instead of observing thememotely. This experimental approach was
followed through prototyping taestablishclearcommunicationwith all stakeholders and

toidentifythea @ a4 SYQ&a NBIldzZANBYSydasz FSIGdz2NBasz | yR
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The study was conducted in twghases phaseone involved exploiing booking
complexities and phase twmvolved exploring the impact of complexities on design

decisions.

321t K4S hyS

We initiated our exploration by communicating directly with teenior booking

clerks and management team at the NSBSP

The godd of this phase wreto understand how rescreening appointmentaere
handled by the booking clerks, explore the currensoeeens booking process to inform
an alternative ebooking method and explore complexities associated with online
booking systemdndividual and group senrsitructured interviews were conducted with
the booking clerks of the NSBSPata from the interviews were analyzed using inductive
coding (Miles et al., 2014) which was guided by the inductive thematic analysis adopted
from HCI literature (Jacobs et al., 2015, Andersen et al., 2017, Pfeifer et al., 2012, Mishra

et al., 2018). Fodetailed data collection and analysis methods see chapter 5.

322t Kl a8 ¢g2

Data fromboth the phase one interviews and the focus group activity with the senior
clerks provided us with insight into the cle€kerspedive about online bookingwhich
informed the creation of online booking scenarios that represent users with unique needs
while booking screening appointments and encountering operational complexities at the
same time. The complexities within the context of online booking systems refer to the
obstecles that the endiser might face while booking an appointment. Such obstacles may
affect the entire booking experience and may ldadseek alternativebooking such as
phonebased booking systems. The goal for phase two was to explore how exposure to

operational complexities may influence design decisions byuseds Therefore we used
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the scenarios from phase one as the core of the exposure activity. Phase two consisted of
two stages:

1 Stage One Survey: involved distributing theldealth Literacy Assement toolkit
(e-HLA) and supplementary assessment questions survey at two NSBSP screening
sites. This tool measures theHealth Literacy for r&screening patients. To our
knowledge, the eHLA is the only validated and published literacy measurement
tool that considerdoth technology/operational and health literacy skills (Karnoe
et al., 2018).

Collected surveys were used to calcultte total e HLA score for each participafior
sample formation for the next stage of the studiyhe responses to the supplementary
guestions were used to generatiescriptivestatistics A Spearmanorrelation coefficient
test was performed to measure the strength of relationships among the supghtary
guestions and €HLA scores.

1 Stage Twa Prototyping: this involved a set of activities with a subgroup of survey

respondents who completed the survey as well as booking clerks at the NSBSP.
We applied a modified PICTIVE technique during the pyping sessiongsee
Chapter Six)

Each artifact from the prototyping session was analyzed using requirement
fulfillment, scenariedbased walkthrough, and thematic analysis of design decisidss.
with phase one we employed an inductive coding proceassanalyze this data. For

detaileddata collection and analysis methods s@&epter Six
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Chapter Five: Phase Ogé&xploration Of ComplexitiesMethods
And Results

This chapter describes the research methods used for phase one and presents the
results thatwere used to develop scenarios of usage complexities. Each scenario
represents an extreméctional character (patient) who is trying to book an appointment
usingan online booking system. Scenarios and extreme charaeters utilized to inform

the designof phase two of the study.

41t 2 L0zt FGA2Y

The targeted populationwas senior booking clerks at thdova Scotia Breast
Screening ProgramNSBSP The reasorfor targeting seniorclerks is their extensive

experience in dealing with patients @daily basis.

42 wSONXzA G YSy

In collaboration with the NSBSP, the program management team identified 3 senior
booking clerks for recruitment (based on knowledge and experienoe)provide

information about the booking process.

43 9GKAOKE / 2YyaARSNIGA2Y A
No specific quotes and commenigere attributed to individual booking clerks nor
were communicated to the manager. Resuligere anonymized, referring to the ID

number only.

44 t N2POSRdAzZNBE OLYGISNWASgaAa 3 C20dza DN dz
This phase involved working directly with the booking clerks at the NSBSP. The

researcher interviewed the three senior clerks at the NSBSP during regular business

hours.
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The clerks were interviewed individually, for the following reasons:

1 Avoid bias: in group interviewst is common to have individuals who can
monopolize responses and influence responses of others.

1 Insight into Individual experience: individuaterviews provide the opportunity
to focus on individual experiences and discuss them in more detail.

1 Explore disconcerting encounters: talking to patients on a daily basis might lead
to disconcerting situations. Individual interviews may make the cledeem

comfortable to share such encounters.

Theindividualsemistructuredinterviews lasted forapproximately45 mirutes. Aset
of questionswas usedto guide the discussiofsee Appendix A)After analysing the
individual interviews, a groumterview was conductet¢hsting 90 minutesWe usedhe
sameset of questionsised during the individdanterviewsto guide the discussion. The
goal of the group interviewwas to cover any missed points andftother investigate
points of consensus andwrgence We used a set of questions to maintain the flow of
RAaOdzaaAz2y GKIG adFINISR ¢gAdGK LI GASyGtaQ yS
RSaA3IyAy3ad Ly 2yfAyS o0221Ay3 aeadtsSyeo ¢KS
expectations from the future mline booking system. A se&ff guiding questions was

utilized to prompt the interview (see Appendix A).

45 1yl teaia

Interviews were transcribed and a qualitatireductive analysis approach was used
to synthesize thdearnings fromthe senior clerkgo identify potential online booking
complexities that might be encountered by patients when using online portals. Our
approach was inductive, and all codes/categories were derived from the data itself. This
iterative process was intentional to avoid any bihat might be generated duéo the
direct interaction between the researcher/data analyahd the participants. This
approach was aapted from Miles et al. (Miles et al., 2014). To guide our analysis, we

FLILX ASR GKS aidSLlAa 27F ateghgmdorhnadBly used B1HEIG A O !

34



research studies (see for example Jacobs et al., 2015, Andersen et al., 2017, Pfeifer et al.,

2012, Mishra et al., 2018). This was performed as folldwkes et. al, 2014)

1. Transcribe all data

2. Read the data multipleres to get familiar with the raw text.

3. The long text will be summarized and condensed into short sentences (while
keeping interesting quotes).

4. Create labels (code$§).

5. lIteratively identify broad categories/themes that group similar codes.

6. Review the idefified categories/themes from steps 4 and 5 (this is to ensure the
connection with the data).

7. Create a definition for each category/theme.

8. Create a title/category for each theme.

9. 2 NARGS I O2YLINBKSyaragsS GSEG Ay Ofbidowd y3I | dz

to support the discussion.

The resulting themes were discussed in relation to online booking complexities.

Themes were supported by direct quotes by the clerks.
46 wSadz Ga

We had a total of 3 participants, all senior booking clerks, forimi@rviewsand

focus group sessions. Datasanalyzed by applying the thematic analysis protoco

We identified five themes in total, where four themes invalvihe interaction
between potential future users and an online booking portal. The fifth thezpeasened
the impact of an online booking portal on the clerical workflow. Note that all theneze

derived from the perspective of the booking clerks who participated in the study.
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In the following we present eadheme and associated codes from the interviews

(for examples of supporting quotes for each theme please see AppBhdix

461 ¢CKSNEESEBNIGASYG 9YLIRGSNNSYI

Definition

This theme refers to the ability of patients to gain better control over access to
the online booking service at their convenience. Patients feel that they control and book
their appointments with the flexibility and ease of online booking system. The clerks
reflected on the difficulties faced by patients when making phone csilish as wait
times, matching their availability with the available appointments and calling during
working hours. Such difficulties if addressed by the online booking systeuid result

in patients feeingempowered
Associated Codes

1 Convenience
1 Takeresponsibility

1 Empowerment

462¢KSYBAYEAYS t2NIFE ! &l 0AfAGe

Definition

This theme refers to the extent to which online booking portals can be used by
patients without external guidanceto book screening appointments with satisfaction
and errorfree. The usability of online booking systems for healthcare purpegas not
limited to the ease of use or the ability to book an appointment without guidante
clerks were concerned about the correctness of the appointment in terms of matching
the patients'special needssuch as time slots required to complete the screening and

overcoming complexities related to medical terniis general, the clerks assumed that
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the online booking system should behave as if it a tEmkingclerk is interacting and
respondh y 3 G2 (GKS LI GASydiaqQ ySSRa 20SN) (KS

Associated Codes

Medical terms ambiguity
Online booking complexity
Booking requirement
Booking correctness

Time slots

= =2 =2 A2 A

Users with special needs

463¢KSYRNBSWSNI GA2y DI LI

Definition

This theme refers to how different generations embrace online booking, where
older users are lessomfortableusing online portalscompared to younger user€lerks
were concerned about the online tool being too advanced for most of their patients. The
women who visit the clinic are between 41 and 75 years old, with a wide diversity of
knowledge, education, health literacy, and computer skillportion of the clientscould
use the online system with no issues and may prefer it over the pihased bookig
system, but the concern is about the other portion of the patients. The clerks expect the

online system to accommodate a wide range of preferences and abilities.
Associated Codes

Older users' preferences
Younger users' preferences

Familiarity with techntogy

= == =/ =1

Methods of interaction
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Definition

This theme refers to thelza Saligibidty for a screeningappointment. Not all
women are eligible to book an appointment for screenirfgr example, women
experiencing symptomsiequire physician referrafor diagnostic evaluation and are
considered ineligible for screenindherefore, the clerks were concernatbout the
eligibility of women using the online booking system. They were concerned about how
GKS aedadsSy gAatt RSO S NIayws notdligible, Bofvit &illdiréstt A 3 A 0
the patient. The proposed system is expected to determine tigalelity and direct the
patient to the right route if she is not eligible. This requires the system to be connected

to the main health information system at the province for eligibitibnfirmation
Associated Codes

No symptoms
Eligibility checkup

Sceening Due date

= =2 =2 =

Intervention

465¢CKSETEPORYAYAAYRE SNWOI f 5dziASa

Definition

As discussed above, this was the only theme that highlightedirnpact of an
online booking portal on the clerical workflogit arose out of the interviews and focus
group discussion with the clerk$his theme refers to the clesR R A f @ with 2 NJ T 2
regard toscreening booking. Whenever there is a new technology that automates a
function or service, there is a human concexbout being replaced by this technology.
Clerks expressed concern about being replaced by online booking systems. However, the

advantages of such technology have mitigated their concern and their attemtas
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directed to how online booking system mightprove their workflow for example using
the online booking system to deal with mainstream cases that do not require special

attention and leaing more complicated cases for the clerksn@nage
Associated Codes

1 Job security
M1 Better workflow

i Focus orother tasks

The interviews and the focus group activity with the senior clerks provided us with
insight into the clerkQ erggdetive about online booking. The categories and the
associated codes indicated a concern by the clerks about online booking sy<bem
discussionidentified the complexities associated with the booking process. During
interviews, it was clear that the clerkgere concerned about the future of booking if the
online portals become active ardeoperated by the patients without guidee. Thisvas
the basis for considering hoextreme scenarios of patientsould be managed bthe
system. Extreme scenarios of usage require -tymical users to complete the
picture. From this we creatednline booking scenarios that represent users withque
needs while booking screening appointments and encountering booking complexities.
¢tKS AO0SYFINA2a YR aa20AF0SR LISNE2Yl & & SNJ

Personas and Scenarios (Nielsen, 2003).

After defining the personas, Nielsen (2008tommends placing each persona in a
relevant scenario that includes a set of actions. This will transform the persona from being
a static character into an interactive character with motivations to perform a set of
actions.BEvery scenario should reflect@ersona with goals within a situation to perform
an action to achieve the goal. The situation should reflect obstacles that must be

addressed by the character to reach a solution (Neilsen, 2003).
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Incorporating extreme characters into the usage scenanmogy lead to the
development ofsystems that are able to accommodate and mitigate usage complexities.
However, wanvere concernedhat limiting the design procesmlyto extreme characters
without the consideration of mainstream and basic usage scenarag,lead to systems
designs thatvould beovery complicated and overwhelming for mainstream usénur
approach, wehelpedmitigate this limitation by creating a set of extreme charactbet
were validated by the senior booking clerks at the NSBSP.

After generatingand defining themes from interviews with the clerksgese themes were
usedto generateseveralpersona based on the model by Nielsen (200Bach persona
had toaccommodate the following elements (Neilsen, 2003):

1. A clearfigure that reflects gender, age, and style.

2. A specific set of motivations behind the intended actions.

3. A context that defines family, education, geographical location, culture, and

job.

4. Goals and needs define the emotional state.

5. Contradictory characteristics that reflect the reality in the persona, which

helps in contrasting the flat and rounded characfenis character shows serotype

traits yet has features of a round character with all its details and emotions that

enableit to deal with a complex situation.

We applied thesteps 1 to5 to define each persona. Each booking scenario and

associated persona was assessed for realism with the senior booking clerks at NSBSP.

47 hyt AyS . 221 AY3IOE® KBRS DL SNB &

In the following, wehave createdfive booking scenarios and associated elements
usingthe themesinformed bythe interviewsand focus group discussiavith the booking
clerks. Each scenario represents an imaginary booking process completeckiyeme
character Themainissues that are presented in the scenarios are as follows:

1. Scenario 1: Medical terms presented on the user interface.

2. Scenario 2: Updating family history and demographics if needed.
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3. Scenario 3: Updating the medical chamdéeded.
4. Scenario 4: Users with special needs (accessibility).

5. Scenario 5: Eligibility and navigation without external guidance

Scenario ONE

Kristy is a 6@earold female. She is a resident of Halifax Regional Municipality,
Nova Scotia, Canada. Skerks as a social worker between 7:30 am and 5 pm. Regently
she is having busy days at work, where she always forgets to call the NSBSP during
working hours to book an appointment. This evening she decided to book the
appointment through the new online lmking websitebut she feels hesitant about it due
to her limited computer skills and bad past experiences using such websites. For example,
YNKAaGe Fftglreéea Orfta (G2 0221 FtA3aAKGa 06SOI dza
flight booking. This islue to a mistake she made 3 years ago when she booked an
international flight, where she forgot to change her title from Mr to Mrs (which indicated
gender for the airline). This mistake caused a delay and cos$2@ to changehe
booking infamation. When opening the NSBSP booking website her apprehension
worsened when she read confusing medical terms on the booking portal (for example,

she was unaware that breast biopsy is considered a surgery).

This scenario represents two themése generation gapand online usabilityThe
associated codes are familiarity with technology, medical terminologies, and booking
complexities. This can be seen in the scenario, where Krisigtisonfidentusing the
portal due to the medical terms that she might encountlrring the booking process.
This confidence issue is worsened by her previous negative experience with online

services.
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Scenario TWO

Sarah is a 5%earold-old female. Sarah is a resident of Dartmouth, Nova Scotia,
Canada. Recently she visited Hamily physician for a medical follewp, where her
physician informed her that he was moving to BC and would transfer her file to different
family practice. A couple of days later she got a phone call from her sister informing her
that she was diagnosedit breast cancer. That evening she remembered that she
needed to book an appointment at the NSBSP and decided to use the new online booking
website. While using the website and filling in the appointment information, she realized

that she still needed toapdate her family physician contact information.

This scenario represents tlanline portal usabilittheme. The associated codes
FNBZ 06221Ay3 O2NNBOlySaa YR 0221Ay3 NBIJ
experience with her family physician whameving to a different province. This incident
requires Sarah to update her chart. The complexity also has increased when she received
the unfortunate news about her sister's medical condition that also requires her to

update her chart.

Scenario THREE

Ashanti is a 4¥earold female. Ashanti is a resident of Bedford, Nova Scotia,
Canada. Nine months ago, she had breast augmentation surgery. Recently her mother
was diagnosed with breast cancer. Now she wants to book her next screening using the
new web mrtal. Note: It is mandatory to book the appointment through her family

physician due to her change in her medical history related to breast augmentation.

This scenario represents thadigibility theme and the associated codes are due
date rescreen, symtoms, and eligibility cheekdp. The other theme that is also
represented in the scenarios is online portal usability and the associated codes are

booking correctness and booking requirements. Ashanti is expected to encounter
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different complexities in théorm of updating her chart to report her new surgery and

her family history update.

Scenario FOUR

Deborah is 57 years old with vision difficulties. Looking at the computer screen is
not a comfortable option for her. Therefore, she asked her niece, Straato book her
an appointment with NSBSP through the new website. She left her medical ID card at

home for her niece to book the appointment.

This scenario representmline portal usabilityand the associated code is users
with special needs. The ath theme is the generation gap and the associated code is
methods of interaction. Deborah has vision issues that prevent her from using the
computer, which forced her to ask someone else to book the appointment for her. This
situation might impose a confahtiality issue due to the sensitive personal data on the

medical chart.

Scenario FIVE

Jennifer works with the NSBSP team and she was appointed to work on the online
booking system design. She worked closely with some of the NSBSP clients to get their
feedback on the design. Her clients are worried about the patients using the system
without external guidance. Now she is worried about the future of the new online portal.
In particular, she is concerned about patients being rejected by the system beteyse

are not eligible. This rejection might stop patients from using the system.

This scenario represents the thenedégibility and the associated code eligibility
checkup. Another represented theme is user empowerment, and the associated code is
takingresponsibility. Here it is clear that the clerk is concerned about the patients taking
responsibility and operating the system without external guidance which imposes

booking correctness and eligibility issues.
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Chapter Six: Phase Twyémpactof Complexieson Design
Decisionsg, Methodsand Results

Phase two of the study was informed by phase one which involved direct discussions
with the senior booking clerks at the NSBSP. Phase two involved direct discussions and
prototyping activities with the patients and senior booking clerks at the NSBSPBh&ikes
was conducted in two stages: survey (for recruitment ardLé\ measurement) and
prototyping activity (to evaluate the influence of exposure on the design decisions made

by the clerks and patients).

50 { 43S hyS
511t 2 LJddzf F GA2Y

The targeted population for this phaseasfemale patients who vis#td NSBSP for

screeningages 40 and over)

51.2wWwSONXzA 0 YSY i

After the completion of their screening visit at onetaf sites (Halifax Shopping
Centreand Cobequid Health Centygatients were approached by the registration clerk
and asked if they were willing to complete the survésee Appendix C). Survey
respondentsalsohad the option of providing contact information to enable recruitment

for stage two.

513t N2 OS RdzNB

A total of 200 surveys were distributed at the screening sites (Halifax Shopping
Mall site and Cobequid Health Centre). The survey consisted efitheA toolkitKarnoe
et al., 2018, which consists of two parts (health literacy measurement tools and
computer skills measurement tools). In addition to theéH&A tool kit, a supplementary
set of questions was used as a part of the survey. The supplementary questions and what

they are intended to explore are as follows:
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1. How often do you use thaternet for booking (hotels, flights, government
aSNBAOSaxSuoovuK
This question was added to explore the familiarity with online booking in general.
2. How often do you use the internet (including mobile applications) for health
services (pharmacy,YaA f @ Of Ay AOXS (i Odv K
This question was added to explore the familiarity with onlir@esed health services.
3. laminterested in booking my 1&reening appointment at the NSBSP using
the online booking website
This question was added to explore thedrgst in future online booking services at the
NSBSP among their clients.
4. ¢2 Y& 1y2e6ftSR3IST (skS GSN¥Y a. A2LJaeé
This question was added to explore the familiarity with the most confusing medical term
for the patients according to the seniordoking clerks at the NSBSP
To maintain the integrity of the -eILA tool kit, the supplementary questions were

separated.

514 ' yI feaia

The e-HLA scorewas calculatedfor each participant.Descriptive analysis
(frequency, proportions) was carried out for teapplementary questions. 8earman
correlation coefficient test was performed to measure the strength of relationships

betweenthe supplementary questioresponseandthe e-HLA score.

515 wSadzZ (a4

A total 0of185 surveys were completed by the patients yielding a response rate of
92.5%.A total of 18 participants did not complete the entire survegsulting in a final
study sample of 1Bfor analysisdo not include their survey responses in this analyAis.
subset of45 (24%)respondents agreed to be contacted regarding the next phase of our

research.
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Table3 provides the summary of the responses to the fiessHLA Supplementary

questiona bw often do you use the internet for booking (hotels, flights, government
a SN A O $ ApKréxim&xehohilf (51.5%) of respondents indicated that they always

use the internet for bokingd

ASNIDAOSaxXSioOod0 K

Q1 How often do you use the internet for booking (hotels, flights, governr

Answer Freq (%)
Always 86 (51.5)
Sometimes 65 (38.9)
Never 16 (9.6)

Table3 Question 1: Interest and KnowledgeKILA Supplementai@uestion3

Table 4 provides the summary of the responses to the secoredHLA

Supplementary questiong bw often do you use the internet (including mobile

FLILJXE AOF GA2yasd F2N) KSIHfEGK

&0S) i AnGs6 édomndohJK |- NJXY |-

responsg(43.7%) indicated thatespondentsnever use internet health services.

Q2 How often do you use the internet (including mobile applications) for h¢
ASNIDAOSAa OLKEINXIOesx FlLYAfte Oft AyAdQ

Answer Freq (%)
Always 25 (150)
Sometimes 69 (41.3)
Never 73 (43.7)

Table4 Question 2: Interest and Knowledge Kk A Supplementary Questions)
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Table5 providesthe summary of the responses to the thieeHLA Supplementary
jdzZSaGA2y T aL Y A yeisEeRdhg dppoitmanyat the2NSBSPYIsing Y @
GKS 2yt AYyS 0221 Ay 370%)8ithel dgieSar stronglKagregitt- @2 NA ( &

provided statement about using online booking forsereening appointments.

Q3 | am interested in booking my-sereenng appointment at the NSBSP us
the online booking website

Answer Freq (%)

Strongly agree 65 (38.9)

Agree 52 (31.1)

Neutral 38 (22.8)

Disagree/Strongly Disagree 12 (7.2)

Table5 Question 3: Interest and Knowledge kg ASupplementary Questions)

Table6 providesthe summary of the responses to the lasHLA Supplementary
question &¢ 2 Y& (y26f SRISIT (i KS Thé Gajorty (69.59) dflLJa & ¢

respondents indicated thahe term Biopsy means surgiqaiocedure.

vn ¢2 Y& (y2¢f SRIST
Answer Freq (%)
Surgical Procedure 116 (69.5)
Non-surgical Procedur{ 43 (25.7)
Neither 8 (4.8)
Table6 Question 4: Interest and Knowledge kit A Supplementary Questions)
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The eHLAscores ranged from a low of 19 to a high48 out of a possible&l5on
a sample of 167 The descriptie analysis ofhe distribution of eHLA scores appears in
Table7 and Figure 1.

Mean 37
Median 38
Range 26
Minimum 19
Maximum 45
Sandard Deviation 5.8
Standard Error 0.45
Kurtosis 0.87
Sample Size 167

Table7 e-HLA Summary of Descriptive Analysis

Histogram
40
30
20

Frequency

10 B Frequency

20 23 26 29 32 35 38 41 44 45
e-HLA score

Figure 1 eHLA Score Distribution (n=167)
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Three supplementary questions were selected for the comparisaihe eeHLA
scoresusing Spearman correlatioResults indicatethat there was a significargositive
correlation between the responses to the questions and tHeLA scores wherepeople
with higher eHLAwere more likely to report that they uskeonline based servicelsee

Table8).

| ) e-HLA Scores
Supplementary Questions

Spearmarp | p-value

Q3 Interest in booking a fgcreening appointment at the NSBSP using th

online bookingvebsite

Q2 How oftgn participants use the internet (including mobile applicatior]

FT2NJ KSIEGK aSNPAOSA OLKINYI O&s T

Q1 Howoften participants use the internet for booking (hotels, flights,

I32PSNYYSyili aSNBAOSAXSGEODU

Table8 Spearman rank correlation analyses for associations between supplementary
guestions andotal e-HLA scores

0.365 p<.001

0.389 p<.001

0.414 p<.001

Three supplementary questions were selected for the comparison among each
other. Results of the Spearman correlation indicated that there was a significant positive
correlation between the responsesvhere pople with high interest in rescreening

online bookingare more likely to report that they usanline health serviceseeTable9).

Q2 Howoften participants use Q3 Interest in booking a re
the internet (including mobile screening appointment at the

H applications) for health services| NSBSP using the online booking
Supplementary QUE‘StIOﬂS (pharmacyF¥ I YA £ & Of A website

Spearmarp p-value Spearmarp p-value

Q1 Howoften participants use the internet for
booking (hotels, flights, governmeatS NJJA O S 3
Q2 Howoften participants use the internet (includin
mobile applications) for health services (pharmacy -- -- 0.402 p<.001
FILYAfe Ot AyAOXSiOoo

Table9 Spearman rank correlation analyses fmssociationgmongsupplementary
questions

0.431 p<.001 0.565 p<.001
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Three supplementary questions were compatedthe eHLA (technology tool
only). Results of the Spearman correlation indicated that there was a significant positive

correlation between the responses (séable 10).

Technology éHLA
Spearmarp | p-value

Supplementary Questions

Q1 Howoften participants use the internet fdsooking (hotels, flights,
I2PSNYYSyili aSNBAOSAXSGEODU
Q2 How often participants use the internet (including mobile application
F2NJ KSIfGK aSNPAOSE O0LKIENYIl Oz T
Q3 Interest in booking ee-screening appointment at the NSBSP using th
online booking website

TablelOResults of Spearman rank correlation analyses for associations between

supplementary questions and TechnologikeA

0.432 p<.001

0.324 p<.001

0.351 p<.001

In generalthe resultsindicatethat patients are wlling to use online booking as an
alternative to the traditionaphone-based booking method. The correlation between the
supplementary questions andtdLA scores indicates the readiness of the patients to use

the online booking system if implemented in the future.

52 {38 ¢g2
521t 2 Lddzft F GA2Y

The targeted population for this phaseasfemale patients whaompleted the
survey in stage one and agreed to be contacted for future rese&velalso targeted the

same senior booking clerks who participated in phase one of this study.

522wS ONXzA G YSVY i

After the completion of the survey, the researcher scoredat#lL A portion of the
surveyand used the scores to group respondents into three egimdd groups based on
the scores (low, medium, high). Six participants were randomly sampled from each of

the mediume-health literacy group (score: 34-40) and high ehealth literacy group
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(score40-45). It was decided to exclude participants with lowhealth literacy scores
Phase 2 of the study was conducted remotely due to CQWi@lated restrictions
barring inperson data collectionandwe were concerned that participantaight find it
chalenging to complete the task and interact with the researcher using online tdeisg
such online tools require a minimum level ofieracy,which may make it a challenging
taskfor participantswith low eHLA scoresffectingtheir performance duringhe online

design session.

The 6 mediune-HLA participants were randomly assigned into 2 groups (
participants in each groupexposedto complexitiesand nd-exposedto complexities.
The 6 high éHLA participants wersimilarlyrandomly assigned into 2 grougda addition
to patients, the 3 senior booking clerks who participated in phase one were invited to

participate in this stageonly 2 clerks consented to participate.

523t N2 QISR dz

All participants, including the booking clerks, were invited to the ordemgnactivity

as a member of one of the following groups:
Exposed participants desigwtivity: The plan was to expose only the group of 6
participants to the bookingscenario complexities. This was achieved by
introducing the participants to the booking scenarios that were generatenh fr
our discussion with the booking clerks at the NSB8P section 5.6)
Nonexposed participants design activiffhe plan was to gesrate artifacts by 6
non-exposed participants without any exposure to booking complexities. The
participants followed the same protocol #se exposed group except that they
did notwent through the exposure activity.
Booking clerks design activitfhe gdan was to generate 3 artifacts by 3 clerks
without any exposure to booking compleis. They were not exposed because
we wanted to rely on their experience to build the artifacts without being exposed

to the scenarios.
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A total of14 online prototyping sssions were conducted as follows:

3 exposed mid 41LA

3 unexposed mid-&iLA.

3 exposed high-&ILA

3 unexposed high-elLA.

2 unexposedsenior clerks.

The researcher worked directly with each participant throagtonline whiteboard

to build the interface and sequence of interactions between the client and PFS. The
researcher was available to answer any questions during the session. To guide this
activit ¥ adzf £t SNR&A tL/ ¢L+9 LINRPG2G@LIAY3I 3TdzA RS
PICTIVE protocol (Muller, 199Muller defined two design objects that can be used for
t L/ ¢L+x9 LINRPG2GELIAYIAY &AYLI S 2FRWoesadi22f &
many sizes, stickers and labels, and paperdaigst € Ay | N} y3IS 2F 0NR
1991), and papebased icons that represent interface commands like ellogyn menus,
command bars, menu bars, text boxes, etc., which are prepared by researchers or
designers based on the nature of the project (Muller, 1991). Before starting the actual
PICTIVE activity, Muller recommends the following:

1 That participants must be aware of the purpose of the system that they will work
on. There will be no leader in thgroup, but it is recommended to assign a
participant to make sure that the group is covering the agenda/tasks list during
the activity. Each participant will bring to the activity his/her personal expertise.
They must be reminded that they are the expedtging the activity and they can
suggest or change whatever they want.

1 That designers/researchergprepare the system components in advance.
Components are considered as building blcakd includewidgets and icons that
represent functions and features tie proposed system. The components and
system elements are based on the nature of the project and its environment.

PICTIVE was chosen to inform our modified approach, explained in detail in this

section, becaust is categorized asstatic, lowfidelity, caarse-grained, and lessvolved
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prototyping method It isa method that is easy to implement and can be handled by non

expert endusers (patients) that have no experiencepnototyping (Muller, 1997).

LY FRRAUGAZY I techhi§ue dvasfermpoyed to find daRthe justification
behind decisions made by the participants (Vardoulakis et @22 This approach was
inspired by Vardoulakis et al. During the sesstbe researcher agd the participants
about their justificationfor every decision made by the participafdy exampleplacing
an icon, suggesting a feature, writing a note, and creating a new page. We followed the
low fidelity prototyping techniques to involve our participants in the activity (Muller,
1991, Bodker etl., 1987, Bodker et al., 1988). As an alternative to the tangible design
FNOAFIFOGA atL/¢L+x9 LINRG2GeLAY3T StSYSyidasé
we used online whiteboard elements for the design session. The whiteboard design
elementswere obtained fromUJser Interface(Ul) mockups Kits that are used to build Ul
prototypes. The selected elements represent different functions as follows:

a. Social media communication

b. Print,

c. Copy

d. Support

e. User profile

f. Login,

g. Calendarand

h. Navigation anatonfirmation (proceed and back)

In order not to limit the participants to the priglentified elements, a set of blank
widgets and sticky notes moalpswasprovided. The selection of the design elements
was inspired by different online services like online banking, travel booking and
resaurants reservations. FiguiZzshows a screenshot of the online whiteboard three

used to facilitate the design session.
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Figure 2 online whiteboardnddesign icons

On both sides of the whiteboardere placediconsthat could be used by the
participant to design the online booking portal. Participants were informed that\wezg
not limited to the icons on the screen, as theyutd draw any icon or shape if needed.
We also informed them that if they encountat any difficultes during the session, the
researcherwas available to take control of the pointer and draw based on their

instructions.

524¢KS tNROG20GeLAyYy3I 51 &

In the following we list the protocol that was followed during thpgototyping session
On the meeting day, theesearcher sent an email that includlan invitation link
that took the participant to the design session.
The researcher greeted the participant and asked her if she had any questions.
The researcher informed the participant that the meetwguld beaudio- and
screenrecorded.
The researcher introduced the concept of online booking to the participant by

providing common examples like Expedia.com and restaurant reservations.
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(exposed groupsnly) The researcher presented the scenarios to the partidipan
Each participant had the chance to read the scenarios from the screen in front of
her.
The researcher explained how to draw and sketch the design following the
principles of PICTIVE prototyping. Each participant had the chance to watch the
researcher dawing and sketching few basic elements like arrows, boxes and write
notesinside the boxes.
The researcher played a tutorial video on how to use the online whiteboard. The
purpose of this stepvasto make sure that participantsvere comfortable to
complete the designing activity.
The researcher asked the participant to perform a mini design wasire the
participant was asked to drag icons, place icons on the whiteboard, draw icons
and write notes
Once comfortable with the technique and controls, the participants were asked to
design an online booking interface for a-gereening appointmentwhile
consideringhe following criteria i(e., minimum requirements):

1. Successfully book a screeningpaintment,

2. Confirm the appointmentand

3. View the medical chart.

The minimum requirements were selected to guide the prototyping session and keep

the flow of the activity. The researcher informed the participant that sfes not limited

to the previously rentioned requirements, as sheowld add any feature/function she

wantedd ¢ KS NB&ASFNOKSNI I faz2z adlywdhdvieamwvedld RS A

computer with unlimited resources that enalslgou to do whatever you wantthere is
no limitt @ L diressed that thesavere the minimum requirements to complete the
design session andparticipants were welcome to suggest any additional
features/functions that might be helpful for future usels.was also stressethat they

should not hesitate to suggest any features/functipegen if theyappearedunrealistic,
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as there was no right or wrong when itcomes to prototyping. Each participant was

constantly reminded that shevas expected to think aloud during the session.

Each design session was followed by a short argtorded semstructured
interview. The interviews were sergtructured, usinga set of questions to guide the
discussioro ensure we did not deviateom the main purpose of the interview. The main
goal was to explore the willingness of the participants to use the online booking systems.
We also wanted to explore the values associated with the concept of PFS systems in
general and online booking systems. We followed the same order of our questions
maintain the flow of discussion. We usadsetof questions to guide the sersitructured

interview and engage the participagee Appendix D).

525LYLI Ol ®méd 2H+thS53K2RA

It should be noted that our methods went through significant changes due to the
Caona Virus Disease of 2® (COVIEL9) outbreak. The local government and health
authorities in NS suspended all studies that requiiphysical contact with patients. The
suspension occurred after the completionsthge one of phase two of the study order
to resume our research and to ensure thafety of our participants and research team
members, we had to redesiggtage two ofphase two to ensure safe research practices
that consider social distancing policies. We were planning to co2@garticipants, 12
low e-health literacy participants, and 12 higkhealth literacy,and invite them to meet
with the researcheiin pairs Paticipants were to be randomly assigned to one of the
study groups as follows:

Exposed & High-kealth literacy (3 groups, 2 participants in each group): patients

with high ehealth literacy score and completed the booking scenarios

complexities focus grougctivity.

Exposed & Low-kealth literacy (3 groups, 2 participants in each group): patients

with low e-health literacy score and completed the booking scenarios complexities

focus group activity.
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Nonexposed & High -ealth literacy (3 groups, 2 parti@pts in each group):
patients with high ehealth literacy score and did not participate in the booking
scenarios complexities focus group activity.

Non-exposed & Low -bealth literacy (3 groups, 2 participants in each group):
patients with low ehealth literacy score and did not participate in the booking
scenarios complexities focus group activity.

Booking clerks3(clerks): senior booking clerks at the NSBSP.

All participants, including the booking clerks, weeebe invited to the designing
session ogr three days as follows:
1 Day One: Exposed participants will complete the focus group activity and followed
by the designing session.
1 Day Two: Norexposed participants will complete the designing session.

1 Day Three: Booking clerks will complete the desigrsession.

The researcher was to work closely with each group of participants to build the
interface and sequence of interactions between the client and PFS. Participants were to
be provided with tools for task completion and were video recorded (hands only) during
GKS FTOUAQGAGEed 2SS | fa2 LIXIYyYySR (G2 SyLXz2e i
justification behind decisions made by the participants. During the session, tangible
FNOATFEFEOGA &dzOK |a aGtL/¢L+9 LINRPOG2Gelkisy3d StS
wereto be used to allow users to express their vision and demands while designing the
interface. After the completion of the designing session, the reseansilasrto startan
open-ended discussion, tgaininsight into the design decisions made by tiisers.

Theimpact of thesechanges are discussed isection(see section 7.4.2)

526 90 KAPDYEARSNI GA2ya

Senior booking clerks were identified by the NSBSP and asked to share their

knowledge and experience with the researcher. Results were anonymized, referring to
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the ID number onlyNo specific quotes and commenigere attributed to individual

booking clerksior communicated to the manager.

TKS &dddzRé F20dzaSR 2yfé 2y GKS LI GASYyGa-
booking systems and technology solutiogsno personal health information was
collected. Patients were provided with an overview of the projecagart of the consent

process over the phone.

We made it clear and informeadll participantsabout using the audio recorders
during the designing sessioimdividualsalso were informed that their participatiowas
voluntary and they culd leave the study at any time without any impact on the quality
of healthcare that they receive from the NSBSP. Results were anonymized, referring to

the ID number only.

To acknowlede the time and effort that was provided in participating in our
study. The participants were offered a total of $45. Phase two was conducted into two
stages, part one which involdethe design activity, and part two which involves the

designing group delefing, ($20 for part one and $25 for part two).

527! VIt &aA4&

To analyze the data that emerged from the artifacts, we applied 3 common HCI
approaches as follows:
Requirementsfulfillment: This is a approachused to assess the completeness of the
design by checkingvhether the proposed design accommodates the suggested
requirements. Each artifact was evaluated against the suggested design requirements
which were used to guide the designing session. In addit@w requirements and
features were identified in each artifact through video analy&sch artifact was
examined to identify icons and widgets that repressshtunctions. The video recordings

were also usedto identify functions suggested by the parpiant during the design
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session. The additional functions were clustebggburpose.This approach enabled us to
compare the artifacts among all groups in terméoth requiremensfulfillment and new

requirements.

Scenariebased walkthrough: A scenariebased walkthrough was conducted to
determine whether the proposed design addresse¢he complexitiesembedded in the
pre-defined scenarios. Each artifact was evaluated against thelglieed scenarioso
determine ifthe design featurse addressd any of the complexitiesThisenabled us to
compare the artifacts among all groups in terms of whether scenario complexities were

accommodated.

Thematic analysis of design decisiomsgualitative and inductive analysis approach was
used to gather mor@nsight into the decisioimaking process by the users. To identify the
rationale behind design decisions, the comments from the artifacts and comments from

the video recordings were transcribed. This approach waptad from Miles et al. in

whichthetra/ a ONA 6 SR RIGF gSNB Iyl fel SR o0& LISNF2N

HpmMno® ¢2 FdzARS 2dzNJ Iyl feaAax ¢S | LILJX ASR

was inspired by multiple HCI research studies (Jacobs et al., 2015, Andersen et al., 2017

Pfeifer et al., 2012, Mishra et al., 2018). This was performénl th® same manner as for

the booking clerk interviewséesection 5.5).

The resulting themes were discussed in relation tbealth literacy groups'
exposure to the operational complexities. Themes were also supported by direct quotes

by the participants and the condensed sentences were used for discussion.

52.8wSadz (a

We anayzed each prototype using the following HCI qualitative analysis methods
defined above requirements fulfilment, scenario based walkthroughand tematic

analysis.
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An example of artifacts produced by using the online PICTIVE is shown irs Bigioid!.
(see Appendix Bor the full set of artifacts

)
[ululu} Brows
s )

@ D Gﬁp:"m"’w url.com ) CQ Search @

1- View user profile.
2-Book the appointment.
3 -

N “« » nx @ (.) 09.14n J
Figure 3Sampleprototype - appointment selection using a calendar
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1- View user profile.
2- Book the aapointemnet.
3- Confirm the appointement.

Choose the location for

the screeing site:
1- %
Gk

Use

Health
card ID
14-
— e | m _J

Figure 4Sampleprototype - log-in page
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We evaluated eaclprototype against the basic design requirements used to
motivate the prototyping activity. Data from the requiremetfulfillment analysisvere
grouped into three different groups based emrposure statusnd populationgexposed
patients, unrexposed patients, and clerksTables1l, 12, and 13 show the results of

requirements fulfillment for the exposed, texposed groups and clerks.

Participant Reqiirement 1 | Reqiirement 2 | Reaqirement 3
P-38 ]
P-42
p-22
P-10
P-34
P-2

(@)

Tablel1l Requirements Fulfihent (Exposed)
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Participant Reqiirement 1 | Reqiirement 2 | Reqirement 3

P-31

P4
P-7
P-6
P-24
P9

Oon

Oon

Tablel2 Requirements Fulfihent (Unexposed)

Participant Reqiirement 1 | Requirement 2 | Reqlirement 3

Clerk 1

Clerk 2

Tablel3 Requirements Fulfment (Clerks)

During the requirements fulfilment analysis exercise, we noticed that our
participants suggested features to address different issues that rbigfdaced byonline
booking usersSuggested datures were in the form of functions thatwould allow

potential users to avoid complexities associated with online booking.

Theproposedfeatureswere grouped based on functionality as follows
1. Reminder: Featurei this category refer to website services that aim to remind the
user about their upcoming appointmeiisee Figure 5)Featuredncludecalendar aute

synemail, automated phone call, mail, and text.
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) Browser =
Window

@ [:] Gﬂp:l{www,ur!,oom ) (Q Search @

1- View user profile.
2- Book the aapointemnet.
3- Confirm the appointement.

Feedback

Questions about the booking process.
(2 short and simple questions)

e

N “« » w = (@) osos ~ [ J

Figure 5Sampleprototype - two reminder options (mail and messgge

2. Confirmation: Featurem this category refer to website services that aim to confirm

the booked appointmenfsee Figure 6Featuresncludeprint/Mail, e-mail, text, and on

screen.
(000 Browsor ~
Window
@ D Chnp:llwww_url.mm ) ( Q searen @
1- View user profile.
2- Book the aapointemnet.
3- Confirm the appointement.
@ lrlylylyl!
=) O [
Print Mail Message
ai .
Sync with
calendar
L “« » x - (.\‘- 0212 ~ J

Figure 6Sampleprototype - three appointmentconfirmation options (mail, message

and print)
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3. Assistance: Featurean this category refer to website services that aim to aid users
with special needs and users who require clarificatimgardingtheir appointments
(see Figure 7)Featuredncludeaudio support, font size, medical terms tooltip, live
chat, FAQ, and call us.

oQO Browser ‘4
Window
D an:b‘www.urwom J (Q Search @
Q about health history:
1- When was your last mammo?
2-Had any issues with your last visit?
..etc.
1)
[i‘lillln 8, o]l 10][ 11
[12]1a]ls]| 15 (6 7 [re
1920 ][ 21](22] (23|24l 25
26 [27][2s][20)[30]
_ - (oA

Figure 7Sampleprototype - two assistance options (phone call and live chat)
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4. Social Media: Featurda this category refer to website services that provide users

with the ability to connect/sync with social media servi(g=seHgure 8) Features are,

Facebook and Twitter.

(0 oo Browser _\
Window
D an:f/wwwvurl.com LSearch @
- 1- View user profile.
/—N 2- Book the aapointemnet.
3- Confirm the appointement.
@ SIGN IN
Facebook
NS #
Medicare
——
LOGIN
Vision and ’
alternative options ﬁ @
S J

Figure 8Sampleprototype - social feature (Facebook)
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5. Management: Featurem this category refer to website services that allow the user

to manage their accounts and appointmerfsee Figure 9)Featuresncludesecure

Login, calendar, and medical chart.

Browser
Window

(oo

—~

B thp:lew.url.l:nm

) CQ Search @

—
IIIIIIIIII el

L - >

1- View user profile.
2- Book the aapointemnet.
3- Confirm the appointement.

NOTE: Current month
and forward.

G666
BhbbbEE
o ODOED
L e s
el s o

Won

Sun

MX @ w/'\ OBHA _J

Figure 9SSampleprototype - calendar options
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Tablesl4, 15and 16 list additional suggested features by the participants.

Feature

P-38

P-42

P-34

P-10

P2

P-43

Reminders

Calendar
auto-sync

e-mail

Auto phone
call

Mail

SMS

Confirmation

Print/Mail

e-mail

SMS

OnScreen

Social Media

Facebook

Twitter

Management

Secure logn

Medical
Chart

Calendar

Audio
Support

Font Size

Assistance

Medical
Terms
Tooltip

Live Chat

Call
Us/Contact
Us

FAQ

Tablel4 Additionalfeaturesproposedby participantsduring prototyping(Exposed)
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Feature

P-6

P-24

P9

P-31

P-4

P-7

Reminders

Calendar
auto-sync

e-mail

Auto phone
call

Mail

SMS

Confirmation

Print/Mail

e-mail

SMS

OnScreen

Social Media

Facebook

Twitter

Management

Secure logn

Medical
Chart

Calendar

Audio
Support

Font Size

Assistance

Medical
Terms
Tooltip

Live Chat

Call
Us/Contact
Us

FAQ

Tablel5 Additional features proposed by participants during prototypibgrexposed)
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Feature Clerk 1 Clerk 2

Calendar aute
sync

e-mail

Auto phone

Reminders
call

Mail

SMS

Print/Mail

e-mail

Confirmation
SMS

OnScreen

Facebook

Social Media
Twitter

Secure logn

Management | Medical Chart

Calendar

Audio Support

Font Size

Medical Terms
Tooltip

Assistance
Live Chat

Call
Us/Contact Us

FAQ
Tablel6 Additional features proposed by participants during prototypiGgerks)
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We evaluatel each prototype against the preéefined scenariogo determine
whetherthe proposed design addressed the issues in the scenarios

Tables17, 18, and 19 outline whether the proposed prototype address the
complexities associated with each of the scenarsggKariebased walkthrough Results
from the unexposegatients and he clerksindicatethat their proposed designs do not
accommodate the prelefined complexities scenarios. On the other hand, results from
the exposed group suggest that their pased designsvere more likely to addresthe

pre-defined complex scenarios.
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Participant | Scenario 1 | Scenario 2 | Scenario 3| Scenario 4 | Scenario 5 Total
pP-31 0/5
P-4 2/5
P-7 0/5
P-6 2/5
P-24 0/5
P-9 0/5

Tablel7 Scenariccomplexities addresse@nexposed)

Participant | Scenario 1 | Scenario 2 | Scenario 3| Scenario 4| Scenario 5 Total
p-2 4/5
P-34 4/5
P-10 5/5
P-38 4/5
P-42 4/5
p-22 4/5

Tablel8 Scenario complexities addressgekposed)

Participa _ ) . . .

nt Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4| Scenario 5 Total
Clerk 1 2/5
Clerk 2 2/5

52.83¢KSYI GAO

We analyzedthe prototypes that were produced using the thematic analysis
protocol. Two main themes an® subthemes were identified based on the codes that

emerged from the transcribed video recordingable 20describes the counts otodes

Tablel9 Scenario complexities addressgdlerks)

stratified by participant group.
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Codes Exposed Un-Exposed Un-Exposed Clerkd
Design Reference 4 3 0
e-Literacy 4 0 0
Values 7 3 2
Core feature 5 2 0
Engagement 3 0 0
Rationa¢ for Functional Choices 7 1 2
Considerations 4 4 2
Flow 5 1 2
Web purpose 5 2 0

Table20 Prototyping design decisiomgthematic analysis coddsy participant group

In the followingsubsectionswe describeeach theme and associated codesm
the prototyping sessiongsee Appendix For examples olsupporting quotes for each

theme).

5.2.8.3.1 Influence by Individual Approach

Fivesubthemes were identifiedhat describethe impact on the design decisions
by individual influential factors.

1. Design Referencerhis refers tgparticipants usig a functioning system or

an experience as a reference to influence their design. The associated codes

were features referencand design flow reference

2. e-Literacy:This refers toparticipant stating that they are having difficulty

during the sessionEvery time the participant paused for a while with@atying

anythingor thinking aloud thiswas an indication of a struggle addition the

coding was triggered when the participaverbdly expressed strugglor finding

the activity hard to complete. The associated codese selfconfidence, ability

to deal with the taskandfamiliarity with online services.

3. e-Booking ValuesValues describe how e-booking may be a better

alternative to phone booking. The associated codese personal values, -e

service advantagegnde-booking in contrast to phone booking.
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4. Core Attribute (personal perspectiveXhis refers to participants
emphasimgthe importance of a design element or feature. The associated codes

were SYLIKIF &Aa 2y aAYLX AOA G @ ge aBdémjasid ana 2y L
interface language.

5. EngagementThis refers tohe level of personal engagement that influences

the overall designing experience. The associated codae direct statement,

side talk,and prototype review.

5.2.8.3.2 Influence byExposure and Activity

Four subthemes were identifiedthat represent the influence on the design
decisions by the designing task

1. Rationak for Functional Choicesths describes thrationale behind the key

features proposed by the participant to address the basic requirements or/and

complexities. The associated codegre basic features, complexitieslated

features,andbeyond complexities features.

2. Design Considerationg:his refers toparticipans making a design decision

to accommodateheiNJ Y SSRa | YRK2NJ LR GSYGALFf dzd SN&C

were selforiented approactandthe otheroriented approach.

3. Design FlowThis refers to tle proposed interactionléw between the user

and the system to accommodate the basic requirements and complexities. The

associated codewere log-in to Logout, locatiorday-time, and when to check

eligibility.

4. Website PurposeThs refers to tle participant§approachto defining the

website purpose, which could have mtfiiiceted purposes witlfone or many

different goals and objectives. The associated cogese online booking,

educational website + Bookingnd educational + health Portal + booking.

In geneal, the resultsrevealeda connection between exposing the participants

to operational complexities and their comprehension of complexities underlying the
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online booking systemas shown in the artifacts produced by the exposed grolipe
produced artifat were more comprehensive and rich, in terms of features to address

usage complexities
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Chapter Seven: Discussion

This studywas conducted to evaluate/identify thafluence of exposing engsers to
operational complexities on thedtesign decisionis the context of PatienFacing System
(PFS) DesigiWe have evaluatechow e-Health Literacy and exposure to operational
complexities influence comprehension of complexities underlyirgS Besign, as
measured by requirements fulfillmentscenariebased walkthrough, and thematic
analysisTheresultsreveakd a difference between the artifacts produced by the exposed
group and urexposed groups in terms of the features and ratienahderlyngthe design
decisions. This indicates the influence of the exposure technique on the design decisions
made by the exposed participants. Our results demonstrate that exposingissg to
operational complexities yielded design artifacts that were managrehensive in terms
of features and design rationale. In addition, artifacts produced by the exposedsens|,
independent of their electronic health literacy, werieherin terms of features that have
the ability to accommodate operational complexgieas compared to experienced

designers (booking clerks) and-arposed participants.

Results from phase oniadicatethat senior booking clerkaere concerned about
the operational complexities underlying online booking systems. In particular vibey
concerned about the interaction between the patients (ars#rs) and the online booking
system without external guidance. Results from phase tweealedthat involving
exposed/aware users in the design process yielded comprehensive design decisions and
features that can be used by developers to guide the system development. Contrary to
our expectations, exposing endsers to operational complexities gave them this
advantage regardless of their electrofiealth knowledgeThe results from phase one
and phae twowill be discussedavith a focus on the influence of exposing easders

(patients) to the operational complexities underlying online booking systems.
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The study resultgevealedthat online booking systems as PFS are subject to
operational complexities. This was based on discussions with the senior booking clerks
GKFdG Syl ofSR dza (2 SELX 2NB IyR tSFNY | 62dzi
services for breast screeninghe complexityrelated categories and the associated
codes that were identified from the interviewsdicated a consistent concern by the
clerks Engaging the booking clerks at the initial phase of the system design, before
developing the first prototyp, informed the methodology of the following study phases.
Through this process, we identified a set of operational complexities based on the
obstacles that may be encountered by the clerks and callers (patients) on daily basis. The
complexitieswere spedic to online booking systems for breast screening and not
available in the literatureThe impact of these complexities on the design, derived from
the knowledge of the main service providers, demonstratedithportanceof involving
service provides in the process. This involvement is consistent with the
recommendations to initiate an exploratory phase to identify the boundaries of the

proposed system (Litcher, 1994, Floyd, 1984).

711t C{ FyR hLSN}GAZ2YIf /2YLX SEAGASAE

In comparison with no#healthcare sectors, we believe that adopting online
booking servicem the context of healthcare isore complicated due to the underlying
operational complexitieand relatedchallenges.The main challenge the operation of
the system by the patientsvith little to no externalguidance. This was clear from the
ASYA2NJ Oft SNJ]aQ NBalLkkyaSa>s Ay ¢6KAOK (GKSe g
system on their ownFor example, one of the clerk®1)was concerned about the
corredness of bookingShe saidd 1 KS R2gyaARSa L OFy aSS &
the way it shouldr YR a2YS2yS 3SGa 06221SR SIENXeé& 2N 3
Ffaz2 o6+ a NBTFE SOPYRateinght dlAyF2 (18K2SdXJ | ONBEhbOEIRF & G F S ¢
OlFlyQli KIFEZS I YFYY23INIXYéd ¢KSANI O2yOSNYy |t A

a
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booking systems as PFS, whgttould beoperated by the enduserswith little to no
external suppor{Fox & Jones, 2009, Weingart, 2006).

Unlike commercial senas, a second complication of online booking of healthcare
servicess related tothe eligibility of patients to book appointments. As one of the clerks
(P2 stated, dThe only downfall for ladies booking online is that we ask eligibility questions
to certainly make sure they are eligible for the screening appointmerits | y 2 § KSNJ Of
was concerned about the complexity of cases that requires special atte@éx A ¥ ¢ S
have ladies with Down Syndrome, they can go to the mobilé,Qa T A Yy Sd@eedd dzii (K
Gg2 FLIRAYyGYSyGaséo

Finally, the last concern was related to tednealth literacy of patients and their
ability to operate online portals without external guidance, which aligns with findings by
Karnoe et al. (2018asclerksbelievel it is essetial to evaluate healthand technology
related competencies to ensure the optimum operation of health systefss was
204ASNIBSR Ay (KSlerOg2Sald,ca{2 YNSS afLi2zRMAaSS: oAt &l @
Y2fS NBY2@SR® 2 KAOK (anddeikPy salllz dzfFR 1 KS & dzRHBE
FAYSS 46S R2y QG O2yaARSNIAG | adzNHSNE SAGKS
understand all medical terms, and when you ask, have you ever had any breast surgery,
well | will question whatyoumean @ o6 NBF a0 adzNEASNEEéED® Ly GKS |
computer systems, healthcare providers relied on paper based medical forms to collect
data from their patientslf any ambiguity encountered by the patients, theyuldeasily
ask the clerks or nursés the clinicMedical forms (papebased) underlying complexities
are likely limited to the comprehension of medical data presented on the forms.
Therefore, formsdesigners/developerselied onhealth literacy measurement tools to
anticipate the targetedpopulatiorQ Bnowledge and ability to completide forms with
little to no external guidance.However, due to the rapid advancement and
implementation of computer technologyn healthcare, it is important to consider

LI GASYyGaQ oS Glkeyagyfag adcdmpeténdy fope@at healtBicare computer
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systems. This alignsith the recommendation to consider the relationship between
LI GA Sy (aQ KSHiterdcKwhiledeév&odingdealthtayeRyst8ms (Karnoe et al.,
2018).

712hLISNF A2y RBaN29EBEH8BXYS / KIF NI OiG SN&

PFS arelesigned to be operatetly endusers without external guidanceat the
point of service. Userare requiredto make decisions with minimal assistance from the
system while interacting witit. It is important therefore,to knowor predict who will be
using the systenDuring our interviews, it was clear that the clerks were concerned about
how a future booking stem would be operated by patients without guidanc@ur
interviews identifiedan opportunity to create extreme users with special needs and
expectations. Thisbservation aligns with findings by Djajadiningrat et(2000, who
indicates that creating usr profiles with extreme characters, unusual needs, and
expectations may lead to the identification of usage scenarios that are usuallgriiard
discover (Djajadiningrat et al., 2000). Extreme scenarios of usage requirg/pioal
users to complete theipture. This aligns with the literature (Djajadiningrat et al., 2000,
Junior & Filgueiras, 2005).

72 t I 0ASyde&S MY R WIS SYSSyAITIY t N OSaa
Considering endisers during design is essential to USamtered Design. The
design must encompass the main users by considering their requirements and
expectations (Junior & Filgueiras, 2005). However, it is not just about considering their

needs and meeting their expttions, but also about involving them in the design
process. In théFSiterature, enduser engagemennidesign is discusseowever it is

either presented ata high level or isfocused onusability testing at later stages
(Viswanathan & Linsey, 2008ang & Epstein, 2005, Rodrigt«@alero et al., 2020, Dieter

& Schmidt, 2013, Pietzsch et al., 2009, Zenios et al.,, 2010). Further research is

recommended within the context of entber engagement desigrto develop guidelines
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and explorealternatives to the current approaches (Rodrigu€alero et al., 2020,
Privitera et al., 2017). Thus, we will discuss how we involved our participants in the design
cycle and how this involvement revealed design factors that we recommend to be

considered by PFS developer

7219ft SOGNRYAO | SIHf &I ODAYIBINL ®BGSYR! 4N
CKS NBfIUGA2YAKALl 0SG6SSyYy LilrélateS skillsied KSI f

literacy) must be considered to ensure the best possible practice of using electronic

health systemsKarnoe et al., 2018). We utilized theéH A toolkit to evaluate both health

literacy and diteracy (i.e., ehealth literacy). We wanted to understand the distribution

of e-health literacy in our population and to explore the role diealth literacy on dsign

decisions. The distribution ofldLA scores for the participants (see section 5.3.2) tended

towards the higher end of the possible scores. It should be noted that it is accepted that

screening patients tend to be of higher socséhtus (seltreferred and wellinformed

patients)as compared tmther women of their age. Therefore, we expected to find a

higher eHLA score distribution among this population. This might also explain the

correlation betweenthed [ ! A O02NB | YR (KS Ldupplentertang Q NI a

guestions about the usage of online based services and their high acceptance of future

online booking systems (see section 5.3.3). For exantpkre wasa statistically

significant positive correlation between the interest inooking their rescreen

appointments at theNSBSRBsing the online booking websigand the eHLA scorey(167)

= 0.365)p < .001) However,it is important to consider the nature of the survey; this is a

selfrated survey and it is common among participato give themselves high ratings

(Short et al., 2009). This finding also aligns with the literature that crisithis type of

measurement tool because it focuses on operasibskills, which does not indicate the

real performance irtompletingtasks $sing online systemigy the enduser (VarDeursen

& Van Dijk, 2000 The orrelation resultsalsoindicated a significant positive correlation

between how often participants use the interndincluding mobile applications) for
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health services (pharmacy, fanf & O f ,Aayidith® Xnfen@<d b booking screening

appointment using the online booking website

We focused on the impact of exposure on design decisions made by participants.
Exposure was the main controlled variable, but it is important to look at other variables
related to the electronic health literacy dlfie participants in particular, the varibles
associated with the questions in theHLA measuremertbolkit (Karnoe et. al, 200)8The
toolkit is made up of seven tools that measure different asp@fteHLA. The toolkit was
not developed to measure the competency associated with eachindependently, but

there may be a connection between the design decisions and some of thiasish

722LYFt dzSyadAatrt CFOG2NAR hy 5Saidy 5SOA

We provided participants scenarios of complexities (exposed group), basic design
requirements to motivate the actity, and a low fidelity design tool. The following
aarasSYSyid ¢l a dzaSR (G2 Y2G0AQ0F3dS Sk OK LI NIAO
dzy t AYAUSR NX&A2dz2NOSa GGKFG SylrofSa e2dz G2 Rz
GKSYS@PSNI 0KS LI NIRROAMLKIAYAIK ¢ 2INS Ra /d/yr yL LA dza33S
NBalLlyasS gla aAd Aa @2dzNJ 42aGSY>x @&2dzNJ R A
Y2 NRAIKG 2N gNRy3Ieéd ¢KAaA ¢gla (G2 ft2¢ GKSY

(0p))
O

the final sayon design decigns. In the following, we will use examples from the design

sessions to discuss the factors we believe influenced theusads in the design process.

7z

7221LYy Tt dz2SyOS8 o0& LYRAGARIZ £ ! {dNR 6 dzi

(0p))

Each participant approached the design session with individwabfa that resulted
in unique artifacts. One of these individual factors was experience with other online
systems as a reference in their design decisions. For exapgigcipant P42 said,
GsKSYy L R2 Yeé (FrESa 2yfAYySLI RRY®RESYABRSNEL I
KIFgS | ftAGGES 221 dzld GKAY3I GKEG SELX FAY G
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2y F g2NREDP ¢KS LI NIAOALI yi o1 adata®potdl NI &
thussuggesing the addition othe dictionary funtion for her proposed desighusthe

more the participants are familiar with online services, the more sophisticated design
decisions were made during the design sessBatause they were exposed to other
online servicesthey wanted similar features, such as async calendar, secure lag,

and autereminder. Another examplearticipant(P7) asked forgthis has to be a drop
down menu if this is like HRM, so you will have many options to chooséfm L & A a
here that it is not only the features/functions that are influenced by the external
reference online system but also how to navigate within the interfédicis.important to

note that it was expected that our participants would be familiar with online servines, i
general.They wereselfreferredpatientsand therefore likely to be of higher social status
which was reflected by their highteLA score and the highositive correlation between

their scores and their use of online servicd467) = 0.565p < .001)

l y20KSNJ AYLRNIFYG AYRAGARzZEE FI OG2NJ

familiarity with computer systems {l&eracy) and the impact on their acceptance and
willingness to use-bealth systems, an observation which is consistent with the literature
(Karnoe et al., 2018). Being familiar with computers and technology, in general, has an
impact on the interaction between humans and computer systeWisen it comes to
design decisions, we found that there was in fact no connection between them. We
noticed that the comments about hesitation and struggle with the design tool (online
whiteboard) were made by the participants who provided the richest designs in terms of

features. For exampl@articipant(P42 saidad 0 KA &4 A& YSNReé aGdzFFT

Ay

y 2

0 K

L

G2 FTOUAQGIGS GKS O2RS FT2NJ GKS aSaarazyéao !4l

computer to completeseeminglysimple tasks such as joining the design session, she
provided one of the most comprehensive artifacts. This may be related to thieedef

the participants with low diteracy to propose a system that accommodates users who
share the same level of expertise in dealing with computer systems. On the other hand,

senior clerks proposed systems with fewer features, which we believe megldied to
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their high level of expertise. They wanted to propose simple systékedythinking that
simple systems are easier to operate, while less experienced participants proposed more

complex systems to accommodate complex situations.

An additionalindividual factor that was observed wHsat personal values about
online booking influenag design decisions. On many occasions during the design
sessions, our participants emphasized attributes such as timeliness, accuracy,
convenience, anacaessibility Whenever there is a value that is held and believed by a
participant, we noticed that she wanted to implement it. This aligns Wighprinciples of
PD by Robertson & Simonsen (2013) and Leong & Robertson (20i6helievethat
engaging thearticipants in the design process enables them to inject their values and

needs as main users.

72229ELJ2&dz2NB (G2 hLISNI GA2y Lt [/ 2YLX SEA

One of the groups was exposed to the operational complexities through the booking
scenarios before starting the design session. It was clear that this exposure influenced
the content of the final artifacts. In terms of interactivity, all of the resulanigfacts were
norrinteractive in nature; this is expected due to the nature of the design tasks and the
design tool provided (basic whiteboard and widgets). The difference between artifacts
generated by the exposed versus and theaxposed groups can lessociated with the
prototyping dimensionality oscope Q'Raghallaigh & Adam, 2017, Floyd et al., 2007,
Jones et al., 2007, Beaudouin & Mackay, 300% artifacts produced by the uexposed
group weredeemed to be horizontal in naturgvith no detailsand only addressd
functions at the interface level. However, the artifacts that were produced by the exposed
group showedsomedegreeof verticallevel of scopevith features thatwere connected
to the database at the NSBSP or the main hospitak exposegarticipants proposed
functions at the level of the humacomputer interface as well as those connected to the
level of the back system (connection between the online portal and other main health

systems such as the health information system at the pma/fcountry level). For
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example participant (P4 stated,d 2y OS (G KSANJ OKI NI AyT2 A& | @
to verify the info and check the contact info and all normal things; it will let us do it like

K2g OGKAYy3IEA I NBE OKSO]SR gKSy @&2dz patidpant 6 KS Of
(P9whosaidagKe y2i0 O02yySOlG Al G2 GKS YIF22N KSt
OKI NIla | yR [OnBumbDeXdf feliture? ifidt Wetedsuggested by the exposed
participants surpassed what was suggested by the-exposed in terms of numbethe
complexitiesaddresgd, and the overall artifact sophistication. This aligns with the

findings by Privitera et alvho note it is challenging toevokethe endusers and make

them identify what they may need from the proposed system (Privitera et al., 2017). For
example features like autecalendar synchronization, automated phone call, social media
connection, live chat, FAQs, and many more are not seen on the artifacts produced by the
non-exposed groupThiswas nottrue only forexposed versus neexposed grougsvhen

we compared the artifacts by the senior clerks against what was produced by the exposed
group, therewere substantially more features suggested by the exposed participants as

compared to the urexposed participants and the clerks (see T&dle

Group Features Total

auto-calendar synchronization reminder;neail reminder, Auto phone
call reminder, Mail reminder, SMS reminder, Print/Mail confirmation
Exposed | mail confirmation, SMS confirmation, @areen Confirmation| g
Facebook, Twitter, Securéogin, Medical Chart, Calendar, Aud
Support, Font Size, Medical Terms Tooltip, Live Chat, Call Us/Contg
FAQ

Un-Exposed | €mail reminder, SMS reminder, Print/Mail confirmation, Secureifod g
Calendar, Live Chat

e-mail reminder, Auto phone call reminder, Print/Mail confirmation,
Clerks mail confirmation, Orscreen Confirmation, Confirmation, Secure-l¢ 10
in, Medical Chart, Calendar, Call Us/Contact Us, FAQ

Table21 Unique Features Proposdlring Prototyping, By Participa@roup

It was noted that the exposed participants proposed a list of rich features while the
features proposed by the clerkgere comparable to the features proposed by the-un
exposed group. Although the clerks were administrative healthcare professiovied

deal with booking complexities andaily basis, they suggested fewer features to address
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complexities compared to exposed participants. We identified unique and interesting
features among the artifacts by the exposed group. We noticed that propfessdres

considered the needs of other potential users, which indicates that the participants were
engaged in the activity. For exampparticipant(P9,saidd L G KAYy 1 6S ySSR &7
the page where users can chat with a clerk but add it to the Ipgge because if people

cannot book an appointment, they can chat with someone. We do not want them to leave

0KS ¢6S0aAlGS oAGK2dzi o0221Ay3a a2 GKS& Oly | a
thoughtful featuresparticipant(P34 askedg L ¢ 2 defa®d ah dptloSto update the

information at any time. Say you moved or changed phone number or your doctor, you
YSSR 'y 2LIA2Yy 2N GFL) GKIFG Aa F@FHAftlrotS 2y

We noticed that the exposed participants also considered otheraum their decision
YFE{Ay3s NBadzZ GAy3d Ay GKSANI I NIAFIFOGAa 0SAY:
challenges (theme Design Considerations). This was reflected in the number and type
of features that were suggested by the participants. F@magle, one of the participants
FRYAGGSR (KFd akKS Aa Iy aa2fR aoOKz22té¢ FyR K
but yet she suggested features to accommodate younger women who prefer emalil

reminders.

It was noted that only a feyarticipants suggested having an online booking tool
without being connected to any other central systesuch aghe main hospital health
information system or the Nova Scotiéedical Services Insurance (MSI) system. Some
participants suggested the incios of health education resources alongside the online
booking portal. For exampl@articipant (P2 suggestedfwhile | am on the website, |
want to learn about selbreast exam and learn about new breast screening options. |
want it to be an educationalebsite not just for online bookirfg I pgritipant (P42
askedgd g Ke y20 O2yySOG Ad G2 (GKS YIFI22NJ KSIf (K
LINE & O NX ILdiwbreh yhénKohing that the suggestions about the website's purposes

are prevalent amng the exposed participants (see Tab@®.
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Participants suggested having an appointment booking portal becaudesystems
avoid complications and maintain the ease of use. We believe that participants who were
exposed to operational complexities wantéal keep the design easy to operate among
all types of potential future users. This was mentioned by one of the exposed participants
(P34 K2 al AR aLU adK2dzZ R 0S 2yfeé F2N) o221 1Ay3
It was noted that the interactiondtween the researcher and the participant during the
design session influenced the reasoning and logic of some design elements. Although we
tried to be quiet during the session, to avoid any indirect impact on the participants, there
were moments when weauld not avoid interactingvith the participant. For example,
when one of the participants completed designing the FAQ page and moved to the next
page, we had to interferenot to alter the designbut to extract more ideas from the
participant Our convesation was triggered as follows, researcherg K i A F (GKS& |
St AIA0ES o6FaSR 2y KSATwwhiofipartichanB(P3g saidbi i 6 A f €
GKAY1l Fy 2LGA2y (2 Glrf1 G2 a2YS2yS ¢g2dz R 0
someone, e NNAYy 3 (2 GKS aO2y il O dzaé¢ FSI GdzNB @
feature, but suggested talking to the NSBSP clerk over the phone. Sometimes the
participants felt stuck and hesitant to take actions,. For exanmgaticipant (P7) said
GiKS ySEG GKAYy3I X KSNB Aa 6KSNB X L R2yQi
F LILI2 A Yy G Y S yTihe egedrchérephied,a G 1S @2dz2NJ 6AYST Yl @o6S
20KSN) 0221Ay3 ¢S0arAiasS GKIFG @&2dz dzaSRiyAy (KS
but rathertried to encourage her by triggering her experience with other syst&ome
participants were engaged with the activity and expressed their excitement. We noticed
that the more they stard side discussions and expresggtheir excitement,the more
comprehensive their desigwas in terms of addressing the booking complicatidfst
instance participant (P29 stated,d 0 KSNB g1 & | YI22NJ KSFfOGK Ay
province and it was a waste of resource, they should have done it tRissw® ¢ KA a A Y RA
a high level of engagememthich wasreflected in her artifact in terms of features and

rationale. This behaviour is in line with the literature that recomm&R® as a medium
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to involve participants and empower them, which in returnlwikeld a higher level of

engagement (Robertson & Simonsen 2013, Leong & Robertson 2016).

73 { 0NBy3GKa

7.3.1 Sample Selection

Our participants were seleferred and wehlinformed patients whoattended
NSBSP for breast screening. This sample allowed us toagvdhe influence of the

exposure techniqgue among the potential enders ofanonline booking tool/PFS.

7.3.2 Researcher and Data Collection
Qualitative data collection was conducted by one researciesole collectowvas
used which eliminate anyinter-rater reliabilityrelated to data collection inconsistency

but may havencreasel the risk of observer bias.

7.3.3 Qualitative Approach

A qualitative approach was selected because piovides insight into the
justification behind the desigdecisions made by the endgsers. The qualitative research
approach providesevidence thatthe end dzd S NBE Q T S Surs) gkpedtations) SK I A
justifications and personal features may influence their design decisibis dat@annot

be easily obtainedy a quantitative approach.

7.3.4 Research Gap and Research Question
To our knowledge, this study is the first study to investigate the influence of
exposing endisers to operational complexities sabsequentlesign decisions within the

context of PFS.
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The design activity was framed in a way that may have limited our participants in
terms of design freedom. To be more specific, providing the participants wglea
defined set of basic requirements and a set of widgelight have resultedh participants
workingonly within those boundaries. They woutiteatethe most straightforward and
simple implementation of each requirement atiten conclude the activityThis could be
avoided by providing several options of each widget or functioopracticein line with
Tohidi et al., (2008)ho recommendnot limiting the participants to one option during

the design activity.

This limitation may be associated with the-exposed group, as they were not
exposed to the operational complexities like the exposed group. It is unlikely to affect the
validity of the study because we took different measures to mitigate this iskbhese
includereminding the participants on mgroccasions that the provided requirements are
the minimum requirements, and they were free to suggest any other features. We also
started each session with an opening statement to encourage and motivate the
LI NOAOALI yGaAZ &l @Ay 3 erawihudiimited résSurces thalaveufl NJF dzt
SylFrotS @&2dz 62 R2 6KIFEGSOSNI &2dz 6+yiT (G§KSNB
participant that their proposed design will serve a wide range of users with different
needs. So, a universal design is expectecbier a wide range of needs. It is true we did
provide a predefined set of widgets to be used as design elements, we also did provide
blank widgets and informed the participants that thegutd propose anything to be

placed inside the widgets.

7
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Due to the COVHD9 outbreak, we had to change our data collection protocol to
accommodate social distancing rules. It was necessary to conduct the design session using

an online whiteboard as a platform. This approach has limitationsarfdrm of the lack
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of direct communication with participants. We were hoping to meet with participants in

person and monitor their reactions during the design session.

Distancing restrictions also limited the PICTIVE technique that we pl@neing
to apply. Participants did not have the chance to use PICTIVE tools for designing (e.g.
color, sticky notes, widgets etc.), which may have limited their ability to fully express their
thoughts. The use of the online tool forced us to recruit participants Wigh eHLA
scores because lowcore participates might face difficulties in dealing with the online
tool. We were hoping to get design feedback from loWIeA participants. The online tool
did not allow us to facilitate group design sessions. We were lgofairhave groups of 2
participants to enable the opinion and idea exchange during the sessiorcoliashave
led to more rich artifacts. Utilizing the online tools as a design canmnstead of the
traditional paperbased PICTIVas unlikely to alter the study findings, as all groups
were provided the same online tool and yet artifacts were different among the exposed

and unexposed groups.

743¢SOKY A O f

Due to unknown technical difficulties, the online tool did not allow the
participants to fully control the design spacAccordingly,we had to take verbal
commands from the participants and control the design space on their behatime
instances We bdieve that this may have affected the freedom of our participants to fully
SELINB&aa (KSYasStogSa RdNAy3I (GKS RSairdy &aSaaAi

affected because all participants faced this difficulty

7449 dzZNB LI Y 622 1 Al

The eHLA toolkit is oneof-a-kind evaluation tool that is used to evaluate
electronic health literacy fgpatients Karnoe et. al, 2008 Weare not aware of any other
tool that has the features of the-EILA. However, the kit msomprisedof questions that

were published and validated in Denmark, which may be more suitable for the European
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patients (medications that are used for the health literacy questions are Eurepean
branded medications that Canadian patients are not familiar with). We could have used
two different published and validated tools, thelieracy tool and health literacy.

However, we wanted to use a tool that was validated withimealthcare setting.
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Chapter Eight: Medication Adherence Reminder Mobile
Application

81 LYUNRRdAzOUOAZ2Y

This chapter presents and discusses the Medication Adherence Reminder (MAR)
mobile application, whicls a different PFS research project superviaadexecuted by
Dr. Derek Reilly and myseMly role in the MARS asfollows:
1 designedhe MAR application
1 designedhe study methods
1 obtainedthe approvals from the Dalhousie akgalth authority RER.
1 recruitedstudy participants.
1 collecteddata for phase one and twand
1 analyzeddata gathered from phase one
This project was designed and conducted prior to the PFS online booking exposure
project. This chapter will introduce the MAR study, compare it with the online booking
exposure study, and summarize reflections on the MAdRept, given the findings from
the exposures study, all within the context of emskr involvement in the design process
of PFSThe application was programmed by M.Sc. student Agib Mohammed. Fatimah
Alshammari, an MSc student was involved in phase twahef study (dataogs
YIEYyF3SYSydz NBONHZA GYSY(d FyYyR REFEGIE FYyFfearao
(Alshammari, 2018), masters project repoftagib 2016), conference poster (Tearo et

al., 2015), and conference paper (Alshammari et al., 2020).

822 KId A& a! wk

The Medication Adherence Reminder (MAR) application was designed and
developed to supplement traditional timleased reminders and other mechanisms like
pillboxes to promote medication adherence among patients. MAR began as a
collaboration poject between the Graphics and Experiential Media (GEM) Dalhousie

University, and HealthQR Technology company. The MAR application was develaped as
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standalone application with the intentiorhat its features woulde integratedat a later

date intoan existing HealthQR (HQR) application and databids=HQR application was
developed by health solutions company HealthQR to provide patients with access to
personal pharmacy information to make informed decisions about medication
consumption and refdl. The HQR user interface provides patients with access to the
pharmacy database to view prescriptions online, share information with family
members/healthcare professionals, set reminders when to refill medications, and order

refills online.

Three confyjurations of MAR were developed to assess the impact of reward and/or
penalty as potential featuret® promote medication adherence among patients on leng
term prescriptionsThe firstconfigurationwas a rewarebased system in which points are
won when the medication is taken on tim&he second configuration was a pendigsed
system in which points are subtracted when the medication is taken late eraken at
all. Thethird configurationhad neither feature, and was included asantrol. All three
MAR configurations includesdreminderfeature, which utilizel time and other contextual
information (location, participant profile data) to generate reminders for taking
medication and a histoy of medications takenThe penalty and rewardonfigurations
built on theory from persuasive computirig encourage positive behaviou(®liveira et

al., 2010, 1Jsselsteijn, et al., 2006, Orji et al., 2017).

83 ! 4RI ADI GA2Y

Smartphones are readily avaible as theyprovide platforms for applications that
are convenient and cost effective personal assistance t@dger et al., 2013Hence it
was decided to explore the use of smartphone applications as a medication adherence
aid tool for longterm presciption patients. Dayer et al(2013) assessethedication
adherenceusing 160 differenmobile applicatios to evaluate their features that aim to
improve the adherence level among users. The evaluation revealed that the available

adherence applications rely on generic and basic reminder functions like text messages
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and push notifications. Only six applicatigm®vide the user with the function to track

taken and missed doses. It was noted thia Dayer et al(2013)review did not indicate

GKFG Fye 2F GKS TLIWXAOFGA2YyaA AY (G2 | RI LI
adherence. We believe that themedication adherence issue is strongly related to the

LI GASYyGQa AYRADGARIZ f 06SKIFE@GA2NE KlFIoAdGasz | yR
overcome the adherence issue may be more effective if human factors (behavior, habits,

and values) are considered

We find persuasive methods may be effective in changing behavior because they
rely on ubiquitous techniques to change the users' behavi®liveira et al., 2010,
IJsselsteijn, et al., 2006, Orji et al., 2DFHor example, contexaware systems thatra
always connected to the internet and continuously monitoring the environment around
the user can utilize environmental cues such as location and tireedkethe user which
may lead to a behavior change over time. However, we think that behavior ehang
requires more fundamental strategies that target the core values of the users for an
effective and longasting behaviocchange Consolvo et al., 2006Rersuasive methods
dziAf AT S Y20AQ01GA2y aGNIGS3aAASa FyR ranaRANB O
deeprooted level which is different from temporallgnd instant changethat rely on
environmental cues like time and location. We believe that a hybrid style that merges
persuasive and ubiquitous methods nlawd to abehavior change. For exampgehybrid
approach that utilizes environmental cues (time and location) and motivational strategies
(rewards) may be more effective because it works at both levels of cognition. This was
the rationale behind MAR researchstudy as we wanted to investigatené impact of
persuasive and ubiquitous methods on medication adherence through the integration of
existing strategies for medication compliance and persuasive strategies. The concept and
techniques of persuasive behavior change, are the core concepts &. MAAR in
comparison to basic reminders did show a better adherence level. Our findings align with

literature that suggests the effectiveness of persuasive behavior change techniques in
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improving medication adherence (Oliveira et al., 2010, 1Jsselstegh, 2006, Orji et al.,
2017).

84 alw YR 9ELI&dz2NBE ohytAyS . 221Ay3 {
In the following, we subjectively compare and contrast MAR and Expstunlees

with afocus on the design methodolegsand enduser involvement in theesign process.

The goal of this exercise is to explore how MAR and Exposure may complement each other

in terms of the PFS design approach.

841wSasSyoflyosSa
8.4.1.1t C{

In both research studies, the systems are RR8 intendedfor operaton by
patients without external guidance. The online booking system in the Exposure
frameworkstudy provides endisers with the ability to book their own breast screening
appointment without thedirect support of the booking clerkandMAR also provides end
users the ability to access their medication database and report and monitor medication
consumption patterns over time. Both systems rely on the eisérfdcompetencies

(electroric and health literacy) to successfully complete specific tasks.

8412 ABBWIRBNISaATY

UCD is the main and shared design principle betw#enMAR and Exposure
studies.An iterative design processas used for MAR ancbnsidered endisers needs
and expectations as the main design principle. It was important for the research team,
system owners, and healthcare service provider (pharmacy) to ensure that We&R
usable by the targeted endzd SNE ® ' aSNBAQ ySSRa |yR SELISONI
focus group activities and discussions with the system owners and healthcare service
provider (pharmacy). In addition, engsers were directly involved in usability testing to

evaluate key features of MAR. The same consideration was taken while designing the

93



Exposure study However, in that studgnd user needs and expectations were elicited
through focus group activity and discussions with the booking clerks at the NSBSP. End
dzZaSNE | f a2 6SNB Ay@2t OSR Ay (GKS LINRG2G& LAY
functions.
8.4.1.31 S| t (i K2 y1il SR
The shared princgd function between botlresearch studies is serving patients by
providing them with tools that aid them in managing their health condition. Both systems
are health information systems that provide a key foundation to assist patients in making

informed decisions about their healtonditions.

8425 Aa0AYyO0A2Ya
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Both studieswere experimental in naturebut for different purposes MAR
SPOlFtdzad 6§SR GKS Ay¥FfdzSyOS 27T medeMindatiharangeS (1 S OK
The Exposure studyprovided a design t@ccess a booking systemgreated throudp
features elicitation by the endsers. The underlying principle of MAWRs persuasive
technology thatinfluencesuser€dbehaviair over time through persuasion techniques
(reward/penalty system). When the medicatiovas taken on time, MAR rewaset! the
patient with points that accumulattover time andthat could be redeemedfor special
rewards at the sponsoring pharmady the medicationwas missed or taken late, the
system vould penalize the enduser bya dzo G NI QG Ay 3 LIR2AYy(GaWeFNRY
wanted toassesshe reward/penalty systeron(i KS LI GASy 1aQ YSRAOF GA 2
time.

In contrast, the online booking system (Exposure study), relied on the values and
beliefs of the endusers as a motation to use the system for online bookinf
implemented in the futureIn addition, Exposure study involved participants who are

willing to be part of a study on online booking which may indicate that they were already
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motivated. Endusers were asked tdesign an online booking system able to mitigate

different operational complexities that may be encountered by the asdrs.

84229 yd®@aSNA Ly@2t dSYSyild Ay (KS 5Sairidy
It is typical in UCD process to carry PD activiti@dy in the design process by

propodnga system, builshga prototype, and finally conduiciga user study to compare

different approaches of the proposed system. This is the approach that was implemented

during MAR study, where we developed three vensi of MAR andad a group of

patients compare the designsConsequently, the endisers were involved after

developing the first prototype to complete usability and comparative studythe

Exposure study, endsers were involved in developing the firsppotype of the online

booking system.

85 5Aa0dzaaA2y
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The process of designing and developing the MAR applicaidplace alongside
direct discussions with thélealthQRteam andsome meetings witha chain of local
pharmacies in Nova Scotia, Canada. The MAR development team met with the
stakeholders on multiple occasions to identify application requirememd to gain a
deeper insight into the usepopulation { A YAf I NJ 42 a! wX GKS 2yf A
requirementsand potential endusers were explored through direct discussions with the
booking clerks at the NSB$#®both studies we started by addressing two questions: who
are the users and what are their key tasks. This was achievpdrigrming a contextual
inquiry in the form of a seriesf discussions with the service providers (HealthQR team
and NSBSP clerks). Our approach in investigatingdpelation relevant to design aligns
withthed dzy RS N& ( | y R A y 3phagadBHE grocdsiKnmodebeerdérgTask
Centered System Desjgnd).
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Theelicited requirements and user informatiavasutilized differently inthe MAR
and Exposure research studidduring MAR developmentwe prioritized progress to a
functional prototype over consideration of underlyingerational complexities that may

be encountered by endsers

On the other hand, in the Exposure study theal was to achieve effective PFS
designs that would address extreme use ca3é® discussions with clerksvealedhow
concerned theywere aboutthe use of online booking systemby patients without
assistance. Therefore, we relied on the extreme characters and scenariosctver
complexities that might be encountered by patients when booking an appointment.
We believe that the exploration phase with the service provifteoking clerks irthe
Exposure study and HealthQR time MAR study played a major role in guiding
requiremerts elicitation.While theHealthQR teamaised issues that some patients might
encounter, we did not use these with participants during desijheMAR development
may havdooked differenthad the Exposure technique been appli€dr example, if the
HealhQR team were concerned about patients with vision complications and their ability
to interact with MAR we mighthave engaged potential users in a design activity, first
exposing the participants to scenarios of users with impaired vigagnong other
extreme scenariospnd find out how theypropose addressinghis complication. For
example,they may suggest to modifyne MAR interface by utilizing voice-controlled

virtual assistanto facilitate the interaction between MAR and the patient.

8529 E L2 HzREBS I (1 dzZNB & DNR d2SF SIRIAKS 2 NB

MARusers were involved at a later stage of the study to evaluate the influence of
penalty and reward on adherencthey were provided with a fully functioningototype
with which to interact. Usability feedback was only collected as supplemental
information,and sathe study was not a true usability test in UCD terhwmwvever, it was
comparable to usability tests like those conducted in later phases of a design project

Based on what we havedened from the Exposure study, it may have badwantageous
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to integrate theorybased design with PD desigrio MARDby involving endisers in the
design process durimgedium andhighfidelity design activitieas well For example, end
users may suggestesignsthat would minimize the psychological impact of the penalty
feature by emphasizing thepositive impactof the penalty system on medication
adherence.The Exposure research suggests that exposing participants to extreme
scenarios relevant to usirtge penalty feature (for example, negative responses including
non-use, adverse psychological effectsjght have encouragel more nuanced and

inclusiveapproaches to integrating that persuasive technique into a design.

A closer look at the features that were suggested by the exposed participants in
the Exposure study shows thabme features may have been missed if the participants
were not involved though the exposure technique. For example, the feature of
appointment autesynchronization across all persoralendarswas only suggested by
the exposed groupnot by theun-exposed group or thelerks On the other hand, there
are other key features #t are recognised by the medical booking systems developers
like the compliance with the Health Insurance Portability and Accountability Act (HIPA)
and noshow tracking (Couey, 2028nother example from the MAR study is the penalty
and rewardmotivation, particularly penalty, which is unlikely to emerge organically by
enddza SNB GKNRdzZAK t5 aSaairzya RdzS (2 (GKS 02y
by users (Hannan et. al, 2005). This shows Ehgiosure in isolation will not typically
ensure a cmprehensive or effective desigrt is worth mentioning that the design
features that were suggested by the participants in the Exposure study did not contradict
with the suggestions made by the booking clar&sthe literature.In this case weelieve

that aniterative prototyping and evaluation would still be necessary after the PD activity

Personas, scenarios, and the underlying operational complexities are not design
features of the online booking system. In addition, it is not expected émdusers will
suggest design features to accommodate complex scenarios. Therefore it was critical to

discuss situational complexities with the senior clerks to elicit a list of scenarios and then
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use them to evoke endsers during design sessioria.the case of MAR, however ritay

not be likely that end users would suggest a penalty function as a method of behaviour
change and thus a more traditional prototype/test approach had to be used for MAR.
Comparing and contrasting the methodologies of boéseaarch studies allows us to
contribute to the collective knowledge regarding involvement of esdrs in the design
process. This comparison provides knowledge about involving @sels in the
development of PFS the benefits of an evoking strategy (Ex@pga increase the
chances of producing rich prototypes yielding features to accommodate usage
complexities. We believe that PD is only one part of a comprehensive huardared
design processHence, an integrative approa@ould meetthe expectation®f both end

users and developers.
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Chapter Nine: Implications and Conclusion

Research implications and recommendations to PFS developers are presented in this

chapter, followed by opportunities and directions for subsequent research.

The aimof this research was to address the gap in the literaturettom value of
involving end users early in the design process of PFS and the influence of this
involvement through exposure to operational complexities on the design decisions. This
was achieved bystimulating the endusers before they staed designing the first
prototype of the PFS (online booking system). The results revealed a difference between
the artifacts produced by the exposed group andaxposed groups in terms of features
and rationale khind design decisions. This indicates the influence of the exposure
technique on the design decisions made by the exposed participants. The results suggest
that involving patients in the design process and intentionedgkingthem through the
exposure echnique yield PFS designs that are rich and comprehensive in ternashof
the features and rationalainderlyingdesign decisionsThe processs believed to also
yield systems that meet the needs expectations of a wider range ofisars.
¢KS aSELIRAMNT SIe YIe 0SS Ay iBaNaéngaeents A (i K
strategies and validated through future research to build conceptual esdrs

engagement framework for PFS design and development.

91 9 E LI2&adzNBY ! /2yOSLIidz t 5 ONDBEES N ¥
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Based on our findings, we propose a conceptual framewesdcribingengagenent

of endusers in designing and building PFS. The core of our proposed framevemdki®

enduser engagement (exposure), which aligns with the ditiere that proposed further

research to develop guidelines for ender engagement (Rodrigu€alero et al., 2020,

Privitera et al., 2017)The following subsections led to theproposed conceptual

framework

99



9111 2¢ G2 9y3F3IS { SNIBAOS t N2PJARSNEK

Serviceproviders, such as healthcare providers, are important stakeholders when
it comes to developing HIT systems or PFS. Their input is crucial for requirements
elicitation and overall design flow. The majority of HIT systems andc&R8ence
discussing systemequirements with the service providers to build the initial prototype
that can be used through an iterative prototyping cycle among service providers and end
users. Our approach contrasts with this in the way and timing of involving the service
providersin the design cycle. Our approach suggests involving the service providers not
to identify the requirements and main design lines, but to identify all possible
complications based on their interaction with patients over the yedtss is done to
preparea list of complications in the form of usage scenarios that tteem be used to
involve the endusers at a later stage prepared Our approach aligns with the principles

2F a3SGGAYy3 GKS NARIKIG RSaAadyéd 6¢2KARA S
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Endusers are the focus of any system that is designed based on PD principles. It
makes sense to involve them at the early stages of development, but how and what
shouldtheir role be. This approach contrasts witthe common approach among PFS
developerswhich isto approach patients with a prototyp@f low or high fidelity, based
on the discussions with the service providard to have thenmevaluate the prototype
and/or to suggest improvements (Yang & Asan, 2016, Piper & Hollan, 2013, Ni et al., 2011,
Pedersen & Wolff, 2008, Nystorm et al., 2018, Honekamp & Ostermann, 2011, Gonzales
& Riek, 2012, Wilcox et al., 201R)is likely to minimie the negative impact on erara S N& Q
design creativity by involving them in the design process before developing the first
prototype. Providing endsers with a predeveloped prototype and askgthem to use it
as a reference for their design may limit thereativity and the ability to suggest unique
features. Therefore, it was important for us to consider involving esets in the design
process without biasing their design decisions with ageeeloped prototypeWe also

suggest exposing participants pperational complexities to achieve a higher level of
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engagement and inspiration. Our approach aligns Withfindings ofTohid et al.,(2006)
2y K2g (2 3S0 adKS NRAIKIG RSarAdly:iod
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Exposure is our proposed conceptual framework for complexéweare PD for PFS,
which is built on three literature supported pillars and a fourth pillar that we controlled
in our research. All pillars are integlated (see Figur&0) that support the irtial stages
of PFS development. This conceptual framewuelps to address the need identified in
the literature for guidelines on how to engage theedmih SNBE AAY Sy G A2y £ f & ¢
stages RodriguezCalero et al., 2020; Privitera et al., 2017

The pillars of Exposure are defined as follows:

1. Operational Complexities (control variable): This pillar is the focus of this.dtudy
relates to the process of exposing the emders (designers) to potential
operational complexities that were idengfil from discussions with the service
providers. The exposure must be completed before approaching the design
activity. The exposure activity should highlight rif@ encounters between
different personas and operational obstacles.

2. End Users (literaturesupported) (RodriguezCalero et al., 2020 End users
empowerment maybe increased through involving them in the design process of
PFS.

3. EHLA (literaturesupported) (Karnoe et al., 2008 This pillar relates to the
Electronic Health Literacy of the engers. We recommend selecting a wide range
of Electronic Health Literacy (low to high), to accommodate the population that
will use the intended system in the future.

4. Initial Stage (literaturesupported)(Jensen et al2017, RodrigueZalero et al.,
2020, Cooper, 2018 This pillar relates to the proper timing of emtrda S NB& Q
involvement in the designing activity. Early involvement in the design process is

recommended by the literature
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The exposure activity is intended to be carried out at early stagebeoidesign
process. Engaging the enders after the development of the first prototype and asking

them to test it, will limit their choicegiven the boundaries o& functioning prototype.

Another pillar is the electronic health literacy of tparticipants who will complete
the exposure and designing activity. Including participants with a good representation of
electronic health literacy will increase the chances of producing artifacts with rich design
elements Itis fundamental to involve #endusers in the exposure activity followed by
the design sessioRFS researchers are advisedneestigatethe integration of exposure

techniques with other literature based design practice recommendations

Initial Stage

Complexity
Aware Approach

Built on 4 Pillars
of PD

Figure 10 Exposure: A Conceptual Framekvo
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Healthcare organizations can provigatient access and contraf health-related
data to patientghroughPatientFacing Systemaith little to no external guidance. If the
external guidance and support are completely absent, the interaction betweerusers
and the PFS is susceptible to operational complexities that may negatively impact the end
users. For example, a patient who wants to book apaamtment for breast screening
through theonline booking portal may face difficulties in comprehending medical terms
LINBaSYyGSR 2y (GKS dzaSNJ AYUSNFII OSd® ¢KAA RATFT
interacting with the online portal and may discage the patient from using the online
portal in the future Karnoe et al., 2018, Parker et al., 1995, Murphy et al., 1993
Therefore, it is important to consider operational complexities and patient associated
competencies that may enable enusers to ovecome these complexities while designing
PFS.The lterature suggests involvingnd-users in the design process of computer
systems, which leads to systems that meet the needs and expectations of thesensl
The literature also suggests considering -@rsers operational skilland competencies
like health literacy and electronic literaayhile designind®’FSKarnoe et al., 200)8End
user involvement in the design process of PFS varies in terms of timing, strategy, and
methods.Prototyping techniques an be utilized as tools to aid the design and
development of computebased systemsRodriguezCalero et al., 2020, Norman, 1993,
Kirsh, 2019 Our investigation into the influence of exposing emskrs to the underlying
operational complexities on theiresign decisions during the prototypistage of PFS,
has provided useveral insightsDesign artifacts produced by the exposed -esers,
independent of their electronic health literacy, were richer in terms of features that may
accommodate operational eoplexities, as compared to experienced designers (booking
clerks) and urexposed participantur results imply that endisers when involved in
the design process are influenced by internal/individual factors and external/aetivity
related factorsTo visalize the factors and have the opportunity to see the bigger picture,
we created the following diagram thdescribesthe factors (themes and subthemetkiat

influence design decisions during design sesq®eesHgure 11).
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Influential Factors on Design Decisions

@
Design Considerations

’

Influence (Individual Approach)
Design Reference.
e-Literacy.
e-Booking Values.

Core Feature.
Engagement.

mo[4 udisag

Features

Website Purpose

Influence (Task & Prototyping)

Figurell Summary of Influential Factors on Design Decisions

These factorsif taken into consideration by the developersay leadto better
understanding ofthe special needs of the intended enders of the system they are
developingBased on thé S E LJ2 @adzXBné thef other three literatursupported
factors we develop a conceptual framewddt end-user involvement in PFS design. We
OFLtf GKS FTNIYSE2N] a9 E ld@aiedNBamewdrk forPRS. Kha
conceptual framework is built on founter-related pillars, exposure, engser, initial
design stage, and electronic health literacy. The core feature of the proposed framework
is enduser exposure to operational complexitidhe exposure will yield welhformed
and comprehensive design dsions (in terms of features and rationale). The framework
addresses the need for a set of guidelines on how to engage theigeid at the initial

stages of system design.

In the following, we provide a use case example to provide more details on how

to use the proposed conceptual framework.
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A typical scenarioa healthcare providemwishesto provide their clients with an online
portal for online appointment booking. The healthcare provideapproaches a PFS
developer for design suggestions and implenaiun. The developer arranges a series of
discussion sessions with the senior booking clerks who are in direct contact with patients.
The goal is to gain a deeper insight into the operational complexities that are faced by the
patients and clerkBased orthe discussions with the clerks, the developer prepares a
aS0i 2F LISNE2Yl & YR aOSylI NA2a o6dzaAy3 bASta
2003).

Followingthe completion of personas and scenarios, the developer approaches
the booking clerks to review the scenaridhe developersnay also provide the
healthcare provider with the €1LA tool kit to be distributed among tledients.The goal
is to gain insighinto the population in terms of electronic and health literadhee-HLA
tool kit would also beutilized as aecruitment tool, by scoring the completed form®
identify a set of clients that represent a wide range of electronic and health litefidey.
developer splits the scores into thirds (low, medium, and high), and then identifies and
contacts patients from the three groups. The identified participants may be contacted to
arrange the designing activitfhe activity starts by introducing the comteof online
booking to the participants by providing common commercial examples of online

services.

The developethen introduces the scenarios to the participants. Each participant
will read the scenarios and ask questions if needed. The developer glayorial video
of an acting participant completing a basic design tabks stepmakessure that the
participants are comfortableompletingthe design activity. At this point, the participants
are asked to design an online booking interface for dtheare appointment using a low
fidelity prototyping technique. The developer may use a set of basic requirements to be
used by the participants to keep the activity flowinigere we provide an example sfich

basic requirementssuccessfully book an apment, confirm the appointment, and
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view the medical chart. The developsray inform the participants that they are not
limited to the basic requirements, as they can add any features/functions they want.

It is critical to stress that these are the nmmum requirements to complete the designing
session and they are welcome to suggest any additional features/functions that might be
helpful for future users. Participants must be reminded that they are expected to think
aloud during the session. Each dessgssion is followed by a short audiecorded semt
structured interview.The goal of this step is to explore the willingness of the participants
to use the online booking systems and the associated core values with using online
booking. The identified ade values may be incorporated into future proposed systems by
PFS developer§he core feature of the proposed framework is the exposure activity
where endusers are exposed to operational complexities in advance. Exposiagsens

prior to the design proess increases the awareness of potential complexities, which likely

will yield more comprehensive design features.

TheaboveY Sy A2y SR SEFYLI S 2y K26 (2 AYLX SYSyi
the ideal situation of implementation. We believe it is ideal to involve the service provider
as early as possible to generate the complexities and then utilize the complexities to
generate personas and scenarios. It is also ideal to involve the end users in the exposure
activity by providing them with a blank design canvas without relying on algfiaed
prototype or any design constrains. We believe that thereaary afew situations where

this frameworkshould not be used. For examplehen developers doot have a set of
complexities that are derived frora contextual inquiry with the service provider. We
recommend against relying on the literature to identify a set aiplexities and then
generate the scenarios and personas from these complexiés believe that every
health information system project has a unique usage context, therefore it is important
to communicate directly with the stakeholders to identify thenstrairts and boundaries

of the project.Another example would be a situation whedevelopersare being asked

to prioritize progress to a functional prototype over consideration of underlying

operational complexities that may be encountered by ersgrs Finally, ve recognize
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that it may be difficult for developers to use this framework if the woroisstrained by
a limited budget given thataccommodaihg extreme usage scenarios is associated with

both higher cost anda longer development time.

InoNJ aiidzRe@YX G9ELI2adNBé¢ gl a GKS 2yte LIAEEF N
to consider the unknown factors in relation to the Exposure framew@/k. relied on
recommendations from the literature and service providers to build the framework and

test it while controllingonly exposure, 6 dziT 6 S R RBoiv®hé otherypRlassmay

impactthe efficacy of exposurd=or example, ne of the pillars igary involvement of

end users in designing the first prototygdowever, g S R2y Qi 1y 26 66 KSGKSN
may bevaluable to layangthe design decisiondhere may beother opportunitiesfor
developers and service providers tauild a basic prototype iad then apply any
refinements before the early involvement of end users in the design actiityother

pillar is the involvement of end usersyt what if we usethe concept ofexposure with

other individuals that are indirectly invested in the project? fact, developers
themselvesmay benefit from the activity. Thiteadsto the question 4 exposure

important only for end userd2™erefore, further research is required to determine the

impact of any variation of the pillars and the relatshpsbetween the pillars.

Designershould notprovide endusers with a blank canvas and expect them to
generate features and design suggestions that accommodatederlying usage
complexities Designerare recommendedo frame theunderlying complexitiefor end-
users (designing participants), without placltngundariesthat restrict what they can do.

Our contribution suggestsrdming the problem through evoking the endsers by
exposing them to usage complexities at the same time provide them with a blannde
canvas that they can use to suggest features that may address the complexities from the
end-user perspective. We believe that the advantage of this approach is the ability to
design systems that accommodate PFS underlying complexities from the parepsc

the patients who are the endsers of the proposed systems.
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Appendix A

Phase One Exploration of ComplexitiesGuiding questionfor Senior
clerk intervievs

T

How do you know if the patient has special needs or mobility issues? (e.g. any
condition that may affect the length of the appointment or the need for a second
technologist) What words do you use? Please describe in detail the procedure you
follow once youdentify that.

How do you know if the patient requires 2 or more time slots for screening? What
do you do once you know that?

How do you make sure that 2 technologists are available at a specific time slot to
scan a patient with special needs?

Do youfollow a verification process if somebody is calling on behalf of a patient?
Do you find it necessary? Do you add a note to the appointment that somebody is
calling on behalf of the patient?

Can you tell me which patients are better served by calling N&BIS# than e
booking? Why?

| know that you ask the patients if they had breast surgery, to my knowledge the
definition of the term surgery might not be clear for some patients. For example,
a biopsy might not sound like surgery for the patient. My quasts, how do you
make sure that the patient is clear about the term surgery? Please provide me
with a list of all possible surgeries.

If I am building an4ooking system, how do | incorporate your knowledge into
this system? What questions should | inporate?

| know that you don't accept symptomatic patients (ex. specific nipple discharge),
please tell me about all criteria that you check with patients to ensure eligibility

for booking.
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Appendix B

(Phase one Exploration of ComplexitiesSupportingQuotesfor Thematic
Analysis)

Supporting quotes for users/patients empowerment theme

to GiKSe R2y Qi KI@S (2 61 AG 2y (GKS LK2yS i
tmMm Gy2¢ @&2dz OFy Qi NBFOK LIS2LS KSNB fAy 4SS
AONBSYyAy3d g2dzZ R AYONBlIFasS o6& 3IAAGAYy3I LIS2LI S

t HI thénk ladies will be empowered to do that themselves to take care of themseldes

Supporting quotes for aline portals usability theme

t oif w have ladies with Down Syndrome, they canto the mobilejts fine, but they

just need two appointments ®

t HSoxme ladies will say no but | had a mole removed. Which to them could be surgery

to aAF (GKS o0A2LJAe Aa FTAYST 6S R2y Qi O2yarR!
termst YR L R2y Qd dzyRSNERUGIFIYR ff YSRAOFIT GSN¥NA
ONBIlI &0 adz2NHSNE> ¢Sttt L gAftf ljdzSadAzy oKL

t Mi S R2gyaArARS&a L Oy aSS A& AT GKS aeadsSy
gets bookeckarly or get booked inappropriately®

t Hwhén | ask about surgeries they say no, then | ask about implants they sayyes

Supporting quotes for generation gap theme

tmMm a2t RSNJ LJ GASyda FSSt Y2NB O2YFT2NIlilo6ftS ¢
P3G 9f RSNX & LI GASydas (KSe& oSySTAG oeé OFffAy
tmMm GGKS 2t RSNJ 3SYSNIGA2ya ¢g2dAZ R glyld G2 alL
O2YF2NIil 6fS dzaayd (GKS GSOKy2f238¢ o

tH aAlG RSLISYRa 2y GKS 3ISYSNI GAz2y &zoa I NS T
computer savvy, there is a certain age of women who would not even think of going in

GKA& NRdz(i S¢ o

122



Supporting quotes for eligibility theme

to GATFT @2dzOQNBE y20 oNBFraldFSSRAy3IZ (GKSNB Aa
breastfeeding then you c&ni KIF @S | YIYY23ANIY F2NJ ¢ Y2yl
ONBIFIalidFSSRAYyIE D

tm GSyadaNBE GKS LI GASyd KlFLa y28 KIFIR Fyeé Ay
asking questions or reconfirming sometimes they are not a breast cancer survivor or they
R2Yy Qi3I 2KI AASYLI | yiGaé o

t H Thé only downfall for ladies booking online is that we ask eligibility questions to

certainly make sure they are eligible for the screening appointniens

Supporting quotes dministrative and clerical duties

to aL KI R {rrébookirlg basause the Réck8re was down, but that is
RAFFSNByid¢ o

t HL GR2Yy QU 1Yy2¢6 AT GKSe& ¢g2dz R asSS AdG Fa +y |
be in jeopardy if a fewer number of ladies were calling, they might think that their job is
impairedé @

tm GGKS ARSI 2F dzaAy3d GSOKyz2f23& (2 NBLIX IO

t Hthebe are other things for them to do if the phones are not kusp
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Appendix C

(Phase Twa Complexities Impact On Design DecisigiatientSurvey

NI W DALHOUSEE

Ver 3. Nov 26", 2019

Online Booking Systems for Breast Screening
You are invited to participate in our study by filling out this survey (will take 10 min).
‘What is Our Project about?

Sinee 1991, the Nova Scotia Breast Screening Program (NSBSP) has used a central booking office
to book all screening appointments. Women have to phone the program during business hours to
book an appointment. This project is trying to explore how women could use an online system to

book their appointments, and what challenges they may face.

Not all women have the same level of comfort with computers — some may wish to call the
program, while others might want the flexibility to contact the program during non-regular
business hours to book their sereening appointment. In addition, women are asked some questions

about their medical history, and we need to understand how practical this would be.

This survey asks women who have had a screening appointment, to answer some simple questions
about their comfort with computers and their general health knowledge. You will also be given
the choice to find out more about how you can participate in a focus group that will bring women
together to talk about how a booking system could be designed to suit their needs. These focus
groups will target both women who are comfortable with computers and medical terms as well as

those who may be less comfortable.

Your participation will help us in learning about women’s needs and expectations about online
booking systems. You are being asked to answer the survey questions — your participation is
voluntary and you may skip any questions you don’t wish to answer. Finally, yvou will be given
the option to learn more about the next step —a focus group discussion — by giving us some contact
information (this will be kept separate from your survey answers). [f contacted, you will be
provided with more information about the focus groups, and you can then consider if you'd like to

participate.

If you have questions you may contact the lead researcher, Khalid Tearo (tearofdal.ca).
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UNIVERSITY

Ver 3. Nov 26, 2019

Survey

Please answer the following questions by selecting the option that corresponds to your answer:

a. How often you use the internet for booking (hotels, flights, government services...etc.)?

Always Sometimes Never

b. How often you use the internet (including mobile applications) for health services (pharmacy,

family clinic...etc.)?

Always Sometimes Never

c. Tam interested in booking my re-screening appointment at the NSBSP using the online booking

website

| Strongly agree ‘ Agree | Neutral | Disagree ‘ Strongly disagree

d. To my knowledge, the term “Biopsy” means

| Surgical procedure ‘ Non-surgical procedure ‘ Neither

Tool 1. Functional health literacy

Imagine this is a patient information leaflet on 500mg paracetamol tablets (Panodil similar to Pnadol).
Fill in the blanks by choosing from the four options below each blank.

You can Panodil without a prescription.
A, see

B. get

C is

D. go
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UNIVERSITY

ﬂmm DALHOUSIE

Ver 3. Nov 26™, 2019

Panedilis a painkiller and also your temperature when you have a fever.

A. reuses

B. increases

C. rescues

D. reduces

If your doctor has Pangdil for you, always follow your doctor's instructions.
A. properly

B. prescribed
C. orchestra
D. manager

If in doubt, ask your doctor or

A. gotothe library

B. use an applet/application

C. ask a pharmacist

D. make a counterclaim

The usual dose for adults is 2 tablets of 500 mg (total of mg) 3-4 times daily
A. 250

B. 1000

C. 3000

D. 4000

and a maximum of tablets (4000 mg total) daily.
E. 2

F. 4

G. 6

H. 8

The maximum dose for children in 50mg/kg/day divided in 3-4 doses per day. E.g. if the child weights 30
kg, the maximum does is mg a day.

A. 500

B. 1000
C. 1500
D. 3000
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DK DALHOUSIE

IWK Health Centre UNIVERSITY

Ver 3. Nov 26'", 2019

A dose of Pangdil than the recommended one is dangerous and can cause long-term
damage.

A. sweeter

B. less

C. higher

D. quantity

It is important that you seek as soon as possible if you suspect an overdose.
E. aaway

F. adoctor

G. adentist

H. alip

Symptoms of overdose may include vomiting, stomach aches/pains, nausea, jaundice and discoloration
of urine and stools. In the worst case, after approx. 3 days patient may lose and
die of liver failure.

A. evidence

B. the practice
C. determination
D. consciousness



Ver 3. Nov 26, 2019

Tool 2. Health literacy self-assessment

On a scale from very easy to very difficult,
how easy would you say it is to:

Very Difficult Easy
difficult

Very Easy

Find information on treatments of illnesses
that concern you?

O O O

Find out where to get professional help
when ill? (e.g., at the clinic, at the
pharmacy)

Understand what your doctor is saying
to you?

Follow instructions from your doctor or
pharmacist?

Find information on what to do in
case of mental health problems such
as stress and depression ?

Decide on the basis of information in
the media, how do you want to protect
yourself against illness? (e.g.
newspapers, brochures, internet or
other media)

Find information on habits that are
good for your mental well-being? (e.g.,
meditation, exercise, walking, etc.)

Understand advice on health from family
members or friends?

Evaluate how your bad habits are affecting
your health? (e.g. drinking and eating
habits, exercise, etc.)
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Tool 3. Familiarity with health and healthcare

Rate on a scale from not at all familiar to completely familiar.

How familiar are you with the following Not at all
items? familiar

Completely
Familiar

Rehabilitation

Spleen

Medical ventilator (respirator)

Withdrawal (symptoms)

Autism

Oooooo-
OOooooo~
OOooooo -

Abstinence

Ooooog -~

Tool 4. Knowledge of health and disease

Choose the option that you believe is the right one for each of the seven questions.
When you receive a blood test results, what does the term “haemoglobin” mean?

O The blood type

O Blood platelet

O Your blood percentage

01 will ask someone else, since I'm unsure about the answer.

oo oTw

What does the term “fracture” mean?

a. Ovomiting

b. O Broken bone

c. Dkidney failute.

d. 01 will ask someone else, since I’'m unsure about the answer.

What other term can be used instead of the term "palsy"?

a O Paralysis

b. DOFertilization

c. nScaIpeI

d. 01 will ask someone else, since I’'m unsure about the answer.




Ver 3. Nov 26, 2019

Which of the following is one of the livers main functions?

a. O Detoxing of the blood

b. [ Oxygenate blood

¢. Ourine production

d. 01 will ask someone else, since I’'m unsure about the answer

Nephrology is the doctrine of?

a. O Liver disease

b. O Kidney disease

c. ONervous disease

d. O} will ask someone else, since I'm unsure about the answer

What is one of the main functions of the pancreas?

OTo oxygenate the blood

OTo produce stomach acid

O To produce insulin

O01 will ask someone else, since I’'m unsure about the answer

e n oo

The last three tools concern the use of electronic devices such as computer, tablets, smartphones,
smart TV or similar.

If you use other electronic devices than a computer, then base your answers on the electronic device
that you use the most in everyday life.

Tool 5. Technology familiarity

Rate on a scale from not at all familiar to completely familiar.

How familiar are you with the following Not at all Completely
items? familiar Familiar

1 2 3 4
Keyboard (]| ] [ ]
Settings D D D D
Operating Systems (e.g. Windows) O O O O
User Name D D D D
Wi-Fi O ] ] ]
Copy & Paste O O O O
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Tool 6. Technology confidence

On a scale from not at all confident to completely confident, rate your use of computers.

How confident do you feel ...? Not at all Completely
confident confident
1 2 3 4
Using a computer in general? O O O O
Using a computer other than your own? O O O O
Using touchscreen? D D D D
Finding information online? O O O O

Tool 7. Incentives for engaging with technology

On a scale from completely disagree to completely agree, rate your experience of computers.

How much do you agree or disagree with | Completely Completely
the following statement: disagree agree
1 2 3 4
| am interested in using computers. D D D D
I am fond of my computer. D D D D
I am not afraid to try out new functions on
computers. D D D D
| am open to new possibilities of using
computers. D D D D
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‘Interested in providing more information?

We are conducting a related study about how online booking systems can be used to book future
screening appointments. Your participation is valuable and can help us understand how patients

might use computers to book these appointments.

If you are mterested m receiving more information about our study, please provide us with the

following:
MName (print):
e-mail:

Phone number:



Appendix D

(Phase Twa Impact of Complexities on Design Decisp@siiding
Questions Poskrototyping Interviews)

il
1

Am | willing tainject time and effort to use online booking tools?

What are the circumstances that will make you consider using online booking
tools?

How might online booking tools help me in comparison to phbased booking?

What are the most valuable aspects/valuesising online booking tools?
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Appendix E

(Phase twa; Impact of Complexities on Design Decisiqrstifacts)

@iNSBSP.C& J CQ Search @

1- View user profile.
2- Book the appointment.
3- Confirm the appointment.

O o

L « > MIX @ (;\ 05:51 ~

@ D Gttp:llwww.url.com _) CQ Search @

1- View user profile.
2- Book the appointment.
3- Confirm the appointment.

SIGN IN

MSlI card
info and
password to
login

— “« » X (‘\ 0230 ~ v
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@ D GﬂPI//WWW.urI.com

J (Q Search @

Which screening site would
you like to visit?

Whichis the closest to your
location?

1- The next appointment is ...

2-
3-

@=D

1- View user profile.
2- Book the appointment.
3- Confirm the appointment.

< July >
2010

[lz)s)la
Elela@lsldl | e
(e[ e sl le, | faEEE
o) el
e oo o))

Gom D)

LLJUL
]| |.z=a

Mail

“« » X (‘\ os:ooA _/
@ D thp://www.url.com J CQ Search @
1- View user profile.
2- Book the appointment.
3- Confirm the appointment.
Confirmation page

<]

Mail

MX e (;\ 0346 ~ A _
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@] D Gttp:!hnww.url.com

) CQ Search

®

Mail Message

Feedback

Questions about the booking process.
(2 short and simple questions)

“ > L MIX e m 05:()6A

1- View user profile.
2- Book the aapointemnet.
3- Confirm the appointement.

_/

“« » b MIX e m 02:41‘)A

CQ Search

®

1- View user profile.
2- Book the aapointemnet.
3- Confirm the appointement.
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@ D G“P:""WWW-“”-CO”" J CQ Search @

1- View user profile.
2- Book the aapointemnet,
3- Confirm the appointement.

NOTE: Current month
and forward.

J July o>

ﬁxﬁ“ﬁ? IGO0
s W SRR

k'@%@gb%@@

LreJleo ][22 20 24 5]

( leeJlerles sl )

L‘ - » MIX (;\ 08:32 ~ —

YV ILIUYY

@ D GtmiffWWW.url.com J CQ Search @

1- View user profile.

2- Book the aapointemnet.
_ -

Now we need some specific medical information.

Please complete the following form:

Health ID

Date of birth

Current family physician

Any specialist physicians (provide examples)

L -« » MIX e (6\ 17:00 ~ _
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@ D Gttp:ffwww.url.com J CQ Search @

1- View user profile.
2- Book the aapointemnet.

To ensure that we have the right person and current 3 Confirm the appointement,
contact info please complete the following form:

Demographics - not part of the narrative

- “« » mx (6\ 0324 ~ A _J

wingaow

@ D Gl‘tp!ﬂWWW.url.com J (Q Search @

1- View user profile.
2- Book the aapointemnet,
3- Confirm the appointement.

\_ “« » MX (‘W 06:03 A _
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@ D thp:.’fwww.url.com - J CQ Search @

1- View user profile.
2- Book the aapointemnet.
3- Confirm the appointement.

Welcome to the NSBSP (fullname) website

\_ “« > MIX (6\ 09:05 ~ A _J

@—E nsbsp ) (6 Search _®)

1- View user profile.
2- Book the aapointemnet.
3- Confirm the appointement.




@—E nsbsp

) CC_? Search @

1- Wiew user prafile.
2- Book the aapointemnet.
3 Confirm the appointement.

@ [:] Gmmmw.un.oom

) @ soamn ®

available time &
location

1- View user profile.
2- Book the aapaintemnet.
3 Confirm the appointement,

<

July >

2010

Sun  Mon  Tue Wed  Thu  Fri Sat

e ]ls]l4]
BHbHbE
[12)l13L1a]l1s L 1g) 17] v,
L19]]z0,[21){22][20, 2¢] s

26 ][27 28 20 Lao,
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@ D (htlp:mnmw.url.mm _) (Q - @

1- Wiew user profile,
2- Book the aapointemnet.
3- Confirm the appointement.

reminder options and visit instructions:

arrive 15 early
no deodrant
..etc

hdail
vy
@ 1- View user profile.
2- Book the aapointemnet.
3- Confirm the appointement.
Choose the location for
the screeing site:
1- E
2-
Use
Health ‘
card ID
14-
_ - (a2 J
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D Gttp:ﬁwww.url.com J (Q Search @

1- View user profile.
2- Book the aapointemnet.
3- Confirm the appointement.

< July > Time slots
2010

@E
EIENEAEY e Y Eh
2]l 13][1a]lss 16 71 e
[191[20]{21]l22 2o [ 2a] 5]
LENEIEYENEY

YLy

@ D Gﬂplt'fwwwwl.com J CQ Search @

1- View user profile.

Conﬁ rmation methOd S 2- Book the aapointemnet.

3- Confirm the appointement.
- ]

. Print
Facebook Mail

— - (oA —/
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@ D Gttp:ﬂwww.url.com J (Q Search @

1- View user profile.
2- Book the aapointemnet.
3- Confirm the appointement.

Please feel free to contact us if you are facing
any issues with your appointement.

Reminder methods

H0 Q@

Mall Message

£

— - (0 A _J
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