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Abstract

Background: Design processes such as human-centered design, which involve the end user throughout the product devel opment
and testing process, can be crucial in ensuring that the product meets the needs and capabilities of the user, particularly in terms
of safety and user experience. The structured and iterative nature of human-centered design can often present a challenge when
design teams are faced with the necessary, rapid, product development life cycles associated with the competitive connected
health industry.

Objective:  We wanted to derive a structured methodology that followed the principles of human-centered design that would
allow designers and developers to ensure that the needs of the user are taken into account throughout the design process, while
maintaining arapid pace of development. In this paper, we present the methodology and its rationale before outlining how it was
applied to assess and enhance the usability, human factors, and user experience of aconnected health system known asthe Wireless
Insolefor Independent and Safe Elderly Living (WIISEL) system, asystem designed to continuously assessfall risk by measuring
gait and balance parameters associated with fall risk.

Methods: We derived a three-phase methodology. In Phase 1 we emphasized the construction of a use case document. This
document can be used to detail the context of use of the system by utilizing storyboarding, paper prototypes, and mock-upsin
conjunction with user interviews to gather insightful user feedback on different proposed concepts. In Phase 2 we emphasized
the use of expert usability inspections such as heuristic evaluations and cognitive walkthroughs with small multidisciplinary
groups to review the prototypes born out of the Phase 1 feedback. Finally, in Phase 3 we emphasized classical user testing with
target end users, using various metrics to measure the user experience and improve the final prototypes.

Results:  We report a successful implementation of the methodology for the design and development of a system for detecting
and predicting fallsin older adults. We describe in detail what testing and eval uation activities we carried out to effectively test
the system and overcome usability and human factors problems.

Conclusions: We feel this methodology can be applied to awide variety of connected health devices and systems. We consider
this a methodol ogy that can be scaled to different-sized projects accordingly.
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Introduction

Background

Connected health is a term used to encompass hedth care
concepts such as eHealth, tel ehedl th, telemedicine, and mHealth,
and refersto the use of health technology to deliver health care
to patients remotely [1]. Connected health products include
blood pressure and heart rate monitors; diabetes management
devices;, thermometers, weighing scales, and, increasingly,
fitness, diet, and activity trackers. All of these are characteristic
of the quantified-self movement, a modern trend whereby
individuals seek to track their own physical, behavioral, or
environmental information [2]. These devices, systems, and
services, when combined with an appropriate clinical-based
information and communi cations technol ogy infrastructure, can
allow usersto take control of their own health and wellnessin
their homes while maintaining contact with a health care
professional. This model can do the following: support
continuous health monitoring for both individualsand for whole
groups, encourage healthy behaviorsto prevent or reduce health
problems; support chronic disease self-management; reducethe
number of health carevisits; and provide personalized, localized,
and on-demand interventions [3].

An increasing focus on reducing health care costs for patients
of al ages has spurred the growth of the connected health care
market. In a Geisenger Health Plan study, it was found that
postdischarge use of connected health monitoring for heart
patients reduced readmission to hospital by 44% [4], while a
similar study by Agboola et a reported similar decreases in
heart failure-related readmissions of 48% in the first 30 days
postdischarge [5].

Many connected health devices share common features; they
aretypically compact, el ectronic modules that carry out at |east
one specific health care function. These devices generally have
buttons, switches, touch or nontouch screens, speakers, and
wearable clips or belts; in addition, they are generally designed
to measure some aspect of a person’s health status [6].
Connected health devices, such aswearable heart rate or blood
pressure monitors, can be synced to mobile phones with the
mobile phone acting as a data storage, data transmission, and
interaction platform.

Connected health devices have various characteristics that make
them unique compared to other health or medical devices that
may be utilized in hospital, clinical, or surgical settings [7].
Connected hedth devices are designed to be used in an
unsupervised manner in the home by users who may not be
specialists in health care. Connected health devices have user
interfaces (Uls) that require some level of human-computer
interaction and they comprise software and hardware elements.
Due to the likely use of these devices by disabled, elderly, or
infirm users, connected health devices require Uls with good
usability characteristics. There may be different levels of
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interaction required, in terms of both complexity and regularity,
across arange of devices.

The Ul features of connected health devices can place demands
on users that are incongruent with their capabilities [6]. It has
been observed that many otherwise excellent products have
failed in the marketplace due to poor interface design, while
mediocre products have flourished due to attractive and
user-friendly interface design [8]. Therefore, an important
consideration in the design of connected health devices is the
usability and human factors characteristics of the device
interfaces and, hence, the user experience they provide for the
user.

Usahility is defined by the International Organization for
Standardization (1SO) as “the extent to which a user can use a
product to achieve specific goals with effectiveness, efficiency
and satisfaction in a specified context” [9]. The term human
factorsisdescribed by the American National Standards Ingtitute
and the Association for the Advancement of Medical
Instrumentation as “the application of knowledge about human
capabilities (physical, sensory, emotional, and intellectual) and
limitations to the design and development of tools, devices,
systems, environmentsand organizations’ [10]. User experience
is defined as the perceptions and responses of users that result
from their experience of using a product or service [11]. Both
the Food and Drug Administration (FDA) and the Agency for
Healthcare Research and Quality have called for usability and
human factors eval uation of medical devicesand systemsduring
the design process[12,13], with the FDA requiring evidence of
end user involvement during the design processwhen reviewing
market presubmissions [14].

User- and Human-Centered Design

User-centered design (UCD) is a design philosophy that seeks
to place the end user at the center of the design process. The
term was coined in the 1980s by Donald Norman [15] who put
forward guidelinesthat designerscould follow in order for their
interfaces to achieve good usability outcomes. From that point
on, many designers, researchers, and policy makers have
proposed various methodologies and techniques that seek to
involve the end user in the design process, with the end user
being defined as the “person who will ultimately be using the
product.” In their 2010 standard I1SO 9241-210, the 1SO
extended the definition of UCD to “ addressimpacts on anumber
of stakeholders, not just those typically considered as users,”
referring to the design approach as human-centered design
(HCD) [11]. Assuch, we will refer to UCD as HCD from now
on in this paper. The I1SO 9241-210 standard defines
human-centered design as “an approach to systems design and
development that ailmsto makeinteractive systems more usable
by focusing on the use of the system and applying human
factors/ergonomics and usability knowledge and techniques.”
The standard also describes the potential benefit of following
a design approach that improves usability and human factors:
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“Usable systems can provide a number of benefits, including
improved productivity, enhanced user well-being, avoidance of
stress, increased accessibility and reduced risk of harm.” Putting
the user at the core of the design process is also the guiding
principle of a philosophy related to HCD, that of universal
design. The aim of universal design is to create accessible
products, environments, and servicesfor all users regardless of
their physical or cognitive abilities [16]. It must be noted that
this goal is not always the main goal of HCD, which may try
to make a product accessible to a specific target group of end
users, rather than all user groups [17]. HCD has four defined
activity phases: (1) Identify the user and specify the context of
use; (2) Specify the user requirements; (3) Produce design
solutions; and (4) Evaluate design solutions against
requirements. HCD has roots in the field of requirements
engineering in that it seeks to document the user requirements
and how they are being met by the design at each stage of
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development [18,19]. The main goal of HCD isto increase the
usability of the product in order to create maximum user
satisfaction and increase the safety performance of the device.
The process model of HCD as defined in 1SO 9241-210 is
illustrated in Figure 1.

Aswell asthe steps outlined above, there are six requirements
which are described in 1SO 9241-210 that a process must meet
if it isto be considered an HCD process. Our methodology
before meeting any other requirements must meet these six
requirements. We will refer to these requirements as
Requirements 1-6, which are asfollows: (1) Thedesignisbased
upon an explicit understanding of users, tasks, and
environments; (2) Users are involved throughout design and
development; (3) The design is driven and refined by
user-centered evaluation; (4) The process is iterative; (5) The
design addresses the whole user experience; (6) The design
team includes multidisciplinary skills and perspectives.

Figure 1. Human-centered design has four main activity phases. (1) Specify the user and the context of use; (2) Specify the user requirements; (3)

Produce design solutions; and (4) Evaluate designs against requirements.

Plan the Human-Centered
Design Process

Designed Solutions
Meet User
Requirements

Evaluate the Designs
Against Requirements

Human-Centered Design for Connected Health Devices

So far, we have discussed the increasingly important role of
connected health devicesin health care globally [20]. We have
established that various connected health devices haveinterface
characteristics that could cause problems for older adult users
or users with disabilities [6]. We have also established that as
medical devices, connected health devices and systems are
unique in terms of context of use and Ul requirements [7].
Finally, we have outlined the technical aspects and requirements
of HCD. This leads us to the question, “Why is all of this
important for connected health system design?’ In the context
of what has just been discussed, we think there is aneed for a
customized HCD methodology for the design of connected
health devices; we will now further explore why we think this
is necessary by highlighting three specific needs.

http://humanfactors.jmir.org/2017/1/e8/
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The Need for Descriptive Detail and Standar dized
Structurefor Human-Centered Design M ethodologies
Within Medical Literature

We must make it clear that various HCD approaches to the
design of hedlth care technology have been described in the
literature. For example, Vermeulen et al described a multiphase
HCD methodology for the design of an older-adult activity
monitor, with the phases including the following: analysis of
users and their context, identification of user requirements,
development of the interface, and evaluation of the interfacein
the lab [21]. Schaeffer et a employed an HCD methodology
where they used surveys and focus groups to gather user
requirements and create interface prototypesfor aninsulin pump
[22]. Cadtilla et a described an HCD process for a
telepsychology app, where they presented end users with icon
and interface concepts in the first step of their design process,
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before moving on to a cognitive walkthrough methodology to
evaluate the navigation of the interface. These and many other
examples like them [23-25] show the wide variance in the
application of HCD to health devices and systems. It aso
exhibits the broad range of usability and human factorstesting
activities available to engineers and designers to gather
feedback. Many of these activities are not new; many of the
most well known testing and evaluation techniques had been
developed by the late 1980s [26-29]. However, we feel that in
a lot of the connected hedlth literature, there is a lack of
descriptive detail of the activities carried out within the design
process, particularly in regard to 1SO 9241-210, and a lack of
reporting on how successful or unsuccessful these activities
were.

The Need for a Methodology That Allows for Rapid
Development Cycles

Additionally, the connected health industry is seen as a
fast-moving, highly competitive industry [30], highlighting a
need not only for devices that achieve adequate levels of
usability, but also for devices that can have rapid development
cycles associated with them. This need is punctuated by the
association of connected health technol ogy with mobile devices,
such as mobile phones. The phones themselvestypically act as
collection, transmission, and storage platforms for the health
data, while the mobile phone apps provide users with an
interface to their data or to an external device. In 2015, over
100,000 mobile health apps were available for download
between the Google Play Store and the Apple App Store [31].
By 2016, over 500 million people are expected to be utilizing
mobile health apps to some degree [32]. This proliferation of
mobile health devices and apps means that these devices and
their apps can become relatively obsolete in a short period of
time[33], with aconsequent need for shorter and shorter product
lifecycles as was previously experienced in the software
industry. This can mean that companies may not be able to
incorporate a full HCD methodology into their product
development cycle. Inlight of thisobservation, it isthe authors
opinion that presenting a detailed, comprehensive description
of an HCD methodology is warranted, one that isin line with
SO 9241-210 and is optimized for use with connected health
devices through the streamlining of the different steps in the
HCD process.

The Need for a Guided Approach That Emphasizes
Planning and Documentation

It has been previously observed that developers of connected
health solutions are in many cases more engaged with the
technical innovation in these systems rather than with their
usability [7,34]. More recently, it was identified that thereis a
need for guidelines on how to conduct the design and
development process for connected health devices in terms of
usability [35]. Finally, in the development of medical devices,
appropriate documentation of the design process is critical,
particularly if the deviceisto adhere to a standard such as that
from the International Electrotechnical Commission (IEC), IEC
62366-1. The FDA requires evidence of end user involvement
during the design process when reviewing market
presubmissions [14].
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Therefore, aswell ensuring our methodol ogy adheresto the six
guiding principles of HCD as outlined in 1SO 9241-210, we
will add three more requirements that our methodology must
meet. We will refer to these three new reguirements as
Requirements 7-9, and they are listed below:

1. Requirement 7: Our methodology will follow the steps
outlined by 1SO 9241-210 as closely as possible and give a
detailed description of activities carried out and outcomes
achieved in each phase.

2. Requirement 8: Our methodology will utilize activities that
allow for rapid prototyping, testing, and development.

3. Requirement 9: Our methodology will emphasize planning
activities in advance and generating the appropriate
documentation.

In this paper, we will describe athree-phase methodol ogy which
follows the same process as outlined in 1SO 9241-210 (see
Figure 1), which adheres to the six requirements it outlines as
well as the three additional regquirements we have just derived.
In the following section, we will provide a detailed description
of our activities and the justification for them. We will aso
provide an example of the application of the methodology to a
connected health system. This paper will not providetheresults
of this application as those results will appear in a related
publication.

Methods

Overview

The methodol ogy, which will be described in this section, now
has nine requirements that must be fulfilled. These are listed
bel ow with appropriate elaboration:

1. Reguirement 1. The design is based upon an explicit
understanding of users, tasks, and environments. In the first
phase of our methodology, we will establish context of use, user
requirements, and user profiles.

2. Requirement 2: Usersareinvolved throughout the design and
development. We will involve end users and expert users as
much as possible in each phase.

3. Requirement 3. The design is driven and refined by
user-centered evaluation. We will use evaluation techniques at
each phase to achieve measurable results.

4. Requirement 4: The processisiterative. Wewill have multiple
phases where design changes can be made after each phase; the
process can revert back to a previous phase if necessary.

5. Requirement 5. The design addresses the whole user
experience. Use cases developed in the first phase will address
all aspects of use and will be used as reference points before
and after each phase.

6. Requirement 6: The design team includes multidisciplinary
skills and perspectives. We will incorporate multiple
perspectives from disciplines within the design team, from
stakeholders, and from experts. Here we define stakehol ders as
any person involved in the project who is affected by the
activities or outcomes related to the product in question. An
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expert isdefined as any person with an expert knowledge of the
product, the end user, or of usability and human factors.

7. Requirement 7: Follow the steps outlined in 1SO 9241-210
and provide details of suggested activities and their expected
outcomes within each phase. Our phases will be structured to
conform to the phases outlined in 1SO 9241-210 and will outline
which activities should be carried out in each phase.

8. Requirement 8: Perform rapid devel opment and testing while
maintaining clear structure. The early phases of our methodol ogy
will designate activities that allow for rapid prototyping and
evaluation.

9. Requirement 9: Our methodology will be well planned with
all activities, outcomes, and design changes properly

Figure 2. Our human-centered design approach to a connected health app.
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documented. Our methodology will seek to embed the
documentation of all activities, design, and developments.

Based on these requirements, wewill now describe athree-phase
methodology that will fulfill these requirements. These three
phases are labeled as follows:

1. Phase 1: Establishing Context of Use and User Requirements
2. Phase 2: Expert Inspections and Walkthroughs
3. Phase 3: Usability Testing With End Users

The full methodology is illustrated in Figure 2 and then
described in further detail within the text.

Establishing Context of Use and User
Requirements

e N
/ ™\

/ System Concept and Use \

Expert Inspections and Walkthroughs

I‘f Prototype and User Manuals '\‘.‘

Usability Testing With End Users

™ B e ®
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Phase 1: Establish Context of Use and User
Requirements

Overview

This phase establishes the context of use of the device and the
requirements and needs of the target end user. Usually in early
phase testing, to understand the needs of the user, activities such
asinterviews[36], surveys, and ethnographic observations are
carried out [37,38]. This can be resource intensive and difficult
to document properly. In our methodol ogy, we attempt to gain
an explicit understanding of users, tasks, and environments
(Requirement 1) through the immediate construction of a use
case document. Constructing use cases is a commonly used
method to analyze user requirements and user preferences
[39,40,23]. Starting with the system concept as reference point,
the use case document should be made up of flow diagrams,
storyboards, screenshots, interface mock-ups, paper prototypes,
and descriptive end user profiles. The document is designed to
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be interactive and descriptive; it is designed to provide a
common platform for project stakeholdersto communicate their
vision for each component’s and user’s role within the system
and the interactions they have with each other, thereby
attempting to address the whole user experience (Requirement
5). User profiles should be drawn up within the use case

document of potential users, describing capabilities,
requirements, and preferences.
Suggested Activities

These use cases can be exposed to a group of experts with
knowledge of the system and/or usability (Requirement 6) and
to agroup of end user representatives (Requirement 2) [41]. At
various points in the document, questions can be put to the
reader or they can share their insights; in thisway, the use case
analysisactslikeaninterview, survey, and ethnographic exercise
all in one, alowing for more rapid turnaround of information
related to user requirements (Requirement 8). In the early phase
of the design process, designers could pursue many different
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possible solutions and concepts. Within the use case, or as an
accompaniment to it, paper prototypes, wireframes (essentially
a skeletal framework of an interface, usually a website), and
mock-ups should be exposed to the users[42-45]. Likert scales
can be used to query the reader’s agreement with aspects of the
prototypes (Requirement 3).

Outcomes

A usability report and alist of user requirements, backed up by
guantitative and qualitative data, are produced (Requirements
3 and 9). Semifunctioning prototypes or mock-ups that fulfill
as many of the uncovered requirements as possibl e should now
be built and made available for testing in Phase 2. Thefirst user
manuals, if required, should also be ready for inspection in
Phase 2. This phase fulfils Requirements 1-3 and 5-9.

Phase 2: Expert Inspections and Walkthroughs

Overview

The testable prototype should now be exposed to a controlled
formative test that takes into account usability, human factors,
and overall user experience characteristics, as well as testing
the overall functionality of the prototype (Requirements 3, 5,
and 6). This can be done using so-called discount usability
techniques to ease the burden on time resources and to forgo
expensive recruitment of end users (Requirement 8). Thetesting
iscarried out with reference to the use case and the requirements
generated from Phase 1. Problems uncovered by the tests need
to be prioritized and addressed in turn by the development team,
with testing repeated if necessary (Requirement 4).

Suggested Activities

Evaluation and inspection methods could be carried out.
Usahility inspection involves a multidisciplinary expert group
(Requirement 6) inspecting the interface and attempting to
identify usability and human factors problems [23]. This can
be in the form of a heuristic evaluation where the interface is
compared to a set of predefined design guidelines [45,46] or a
cognitive walkthrough [47,48]. In a cognitive walkthrough, the
expert group can carry out atask by way of task analysis of the
interface while focusing on cognitive processes that the task
requires, documenting where they encounter problems. Usability
inspections are commonly used as a precursor to formal end
user testing [49-51] becausethey are seen aslow cost and easily
implementabl e techniques than can garner quick and concise
feedback [52]. Their flexibility and quick feedback lend
themselves well to the evaluation of almost any type of system
or device. In addition, usability inspections have been used to
assess the usability of electronic health record systems [53],
Web-based interfaces for telemedicine apps[54], online
educational websites[55], infusion pumps[56], pacemaker
programmers [57], instrumented insoles[51], and mobile phone
apps [58].

Outcomes

An updated usabhility report is produced (Requirement 9). A
now-advanced prototype with aimost full functionality with
accompanying user manuals should now be ready for testing
with end users. This phase fulfils Requirements 1 and 3-9.

http://humanfactors.jmir.org/2017/1/e8/
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Phase 3: Usability Testing With End Users

Overview

The now-advanced prototypes are exposed to end users in
summative user testing (Requirement 2). Thetest can becarried
out in controlled settingslikealab, but it ismore useful to carry
out field-testing with end users, such asin their homes. Problems
uncovered by the tests need to be prioritized and addressed in
turn by the devel opment team, with testing repeated if necessary
(Requirement 4). Test cycles should be kept short with a low
number of participantsin each cycleif possible.

Suggested Activities

User testing should be carried out; it has been greatly described
in the literature [59-61] and involves monitoring users while
they interact with the system interface. This monitoring can be
carried out in different environments, with laboratory sessions
allowing for more control over the experiment and more robust
data, albeit with the loss of real-world fidelity. Observing users
in amore natural use environment can lead to richer data, but
the data can be harder to quantify effectively. In early instances
of user testing, the administrator will often ask the subject to
think aloud, alowing the observer to gain an insight into the
train of thought the user is employing as they encounter and
attempt to overcome usability and human factors problems
[62,63] (Requirements 1 and 5). Cameras, audio recorders, and
note taking are employed to record the user behavior. Scales
such as the Quebec User Evaluation of Satisfaction with
Assistive Technology, the System Usability Scale (SUS), the
After-Scenario Questionnaire (ASQ), the NASA Task Load
Index (TLX), and the Visual Analogue Scale, aswell as5-point
Likert scale questionnaires [64], are utilized to record and
quantify user satisfaction (Requirement 3). An example of a
Likert questionnaire item might be “1 can read the text on the
screen without any difficulty”; a user will then rate their level
of agreement or disagreement with the item on a scale of 1-5.
Efficiency and effectiveness are measured by recording time
taken to complete tasks and error and compl etion rates [65].

Outcomes

A very advanced prototype that can be subjected to further user
testing or expert inspection can be carried out if required. This
phase fulfils Requirements 1-5 and 7-9.

Within each phase, activities can and should be repeated if
necessary (Reguirement 4). After each phase, al problems are
recorded and documented in structured usability and human
factors reports, or another form of presentation, so that all
stakeholders are aware of the problems and al problems and
changes are documented (Requirement 9) [66].

Application of Methodology to a Connected Health
System

Overview

This methodology was applied to assess and enhance the
usability, human factors, and user experience of a connected
health system known as the Wireless Insole for Independent
and Safe Elderly Living (WIISEL) system, a system designed
to continuously assess fall risk by measuring gait and balance
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parameters associated with fall risk [67]. The system is aso
designed to detect falls. The architecture of the system is
illustrated in Figure 3 and it isdescribed in further detail below.

It is proposed that the system can be used in the home by auser
for aperiod of timein order to identify specific gait and balance
patterns that may be affecting a user’s fall risk. The system is
targeted at older adults who represent a high-fall-risk group.
The system consists of a pair of instrumented insoles worn by
the user and amobile phone carried by the user. Data collected
by embedded sensorsin theinsoles are sent to the mobile phone,

Harte et al

where they are then uploaded to a server in a clinic for
processing and analysis. The mobile phone represents a major
interface in the system, as this is how the home user will
primarily interact with the WIISEL system with the WIISEL
app allowing the user to check the system status, sync with the
insoles, send data to their local clinic, and monitor their daily
activity.

Phase 1 Activities

The process of Phase 1 is summarized and illustrated in Figure
4.

Figure 3. The Wireless Insole for Independent and Safe Elderly Living (WIISEL) system.
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Figure 4. Phase 1 activity flow.

Use Case Creation

The use case document was constructed with inputs from all
project stakeholders, who were able to share their opinions on
how the system would work and what it would be used for.
Scenarios were described in the document, which identified the
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tasksthe user must carry out with the system, the order the tasks
were carried out, and the context in which the taskswere carried
out. Potential risks that the user might encounter through their
interaction with the system were also identified (using 1SO
62366 as a reference guide). Examples of the information
included in the WIISEL use case areillustrated in Figure 5.
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Figure5. Examples of theinformation included in the WIISEL use case. (A) A scenario presented in the use case where the user, John, must carry out
atroubleshooting sequence with the app; alife-size color screenshot of the mobile phone interface is shown. (B) A section of the use case that profiles
typical physical capabilities of the target user and how this might affect their interaction with the mobile phone. (C) A storyboard at the beginning of
the document summarizing the whole process, from when the user is prescribed the system to when they return to the clinic having worn it for a period
of time. (D) A scenario in the use case where it describes what might happen to the phone while the user is doing daily home chores. WIISEL : Wireless

Insole for Independent and Safe Elderly Living; GP: general practitioner.
Day 5
John Must Reset the WIISEL App

John goes through the standard moming
connection process that morning but when he
opens the WIISEL app it keeps closing and he sees
the error message shown in Figure 56. John waits
for a few minutes to see if a connection is made.
However after some time he becomes frustrated
and is unsure how to proceed. He remembers on
the wser manual there is a phone number for
technical support. He rings the number and is put
through to a WIISEL help desk where he is offered
tech support (Figure 57).

Figure 57: Error Message

Figure 56: WIISEL Tach Suppart

A

The user story involving these actors will follow a storyboard format. The story is split into two parts,
The first part details how the user is introduced to the system in the fall clinic. The second part describes
different scenarios of use as the user goes about their daily life. The flow of the story is illustrated in
Figure 3.
Uker Presents at the Fall Clinic
A t at Clinie s istration and
- Configuration
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T {\ 21 M *

System Usage
Irtervention
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Figurs 3: Storybeard illustration of the user story
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Use Case Analysis

The use caseswere examined by aseries of stakeholders, which
included target end users—older adults and health
professional s—and people with rel evant expertise who may not
necessarily be end users but who have experience in the design
of similar systems. The reader examined the scenarios one after
another. After each scenario of the use case, the reader was
interrogated on their thoughts on what they had seen using
tick-box Likert scales which were embedded in the document.
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User D: A Person With Poor Dexterity and Low Grip Strength Due to Arthritis

User D suffers from osteoarthritis like approximately
25% of women over the age of 70. On average she can
exert 10% less grip power than these without the
condition. She has used a mouse before but tries to
avoid them because it strains her wrists. She also
cannot type on a keyboard for long periods of time
without serious pain. She also suffers pain when she
must stretch her hand out to grip something or when
she must employ a controlled pinch grip such as when
writing or handling small objects. Holding a steady
grip of a small object can be difficult due to her hands
shaking.

This means she may encounter the following
difficulties with a mobile phone interface:

« Pressing or pushing mechanical buttons.

e Altempting to press buttons which are close
together or are small in surface area

«  Gripping a large handset

« Attempting to reach with the thumb across an
interface to manipulate controls when holding a
device in one hand

B

John forgets to Carry his Mobile Phone

John leaves the mobils phone in his bedre
while he has his breakfast (Figure 48),

the insoles and the mobile phone
the Bluetooth means the insols

moves between rooms)
system cannot work unless he has the
mobile phone on his person.
Figura 48 The rangs on the Blustoath means that transmissian
eccur batwean the inscles and the mabile phone aven
whan the mobile phore is left in another reom.
Alfernate Scenarios

Alternative 1: John goes out to his garden a
: ;

’ pass o the phone
b John goes bad L in range (Figure 45)

Figure 50: The red X represents a broken connection
butween the insoles and the mobile phone.

Figure 49: If John s going out of range for shart intervals then
tha inssles san store data in a built in 20 card

John goes into the town to meet his
= the mobile phone behind. In this
will not have enough storage to store
hile he is out and therefore data will be
500

lost. {Figu

D

For example, in the case of the use case describing the use of
the WIISEL mobile phone, the user filled out Likert scales that
queried their opinions on color schemes, text size, button size,
and screen navigation flows as observed from high-definition
color screenshots. Examples of end usersinterrogating use cases
and filling out the appropriate scales are shown in Figure 6.

Apart from the set scales the reader filled out, the think-aloud
protocol was also employed by the reader so that they could
elaborate on any potential problems and digressif necessary to
related problems not explicitly presented in the use case.
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Figure 6. Older adult participants analyzing and providing feedback on the use cases.

Problem Classification

There are a number of methods to classify usability problems
[68-70]. Many of these methods, such as clustering, heuristic
evaluation, and Nielsen's classifications, prove effective in
identifying how likely an identified problem is to affect the
user's interaction with the system. Because the use case is not
representative of the fully interactive system, it is not possible
to carry out a traditional classification by observation and
evaluation; rather, we used the transcripts and the scoring from
the Likert scales to predict potential problems. A three-step
process was employed:

1. Clustering Identified Problems. Using the compiled
transcripts from the think-aloud protocol, we grouped explicit
identification of problems on a scenario-by-scenario basis.
Problems can be grouped according to aset of heuristics, making
the problems easier to classify and track throughout the design
cycle. In the case of the WIISEL mobile phone use case, the
following set of heuristics (a-€) was used [70]:

(a) Consistency/Clarity of Task Sructure: The flow of the task
or theinterface may cause confusion or may be hard for atypical
user to follow.

(b) Completeness and Sufficiency of Task Meaning: Feedback
obtained when the user carried out an action, or was required
to carry out an action, was unclear or may cause confusion.

(c) Noticeability: An element on the interface that isimportant
to the completion of the task is difficult to notice.

http://humanfactors.jmir.org/2017/1/e8/
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(d) Discernibility: Physical interface characteristics such astext
size, button size, and color scheme—each of which is a
subcategory—may makeit difficult for the user to completethe
task.

(e) Cognitive Directness: The user was required to carry out an
action that did not result in the expected outcome.

2. Relate Problemto Likert Item: The identified problemswere
related to one of the Likert items put to the participants at the
end of each use case scenario. The Likert items are related to
each of the categories above.

3. Calculate Severity Rating: The median score was cal culated
for the Likert item (adjusted range 0-4, with O considered a
perfect score and 4 considered the most severe). This provided
aproblem rating for the problem.

The methodology, illustrated in Figure 7, is sometimes referred
to as bottom-up clustering because it groups together similar
problem descriptions from first principles.

Thislist of problems can be dealt with straight away, as most
of them will be aesthetic and superficial, while more complex
problems, such as ones related to concepts and flow, can be
further explored in functioning prototypes.

Phase 2 Activities
The Phase 2 activity flow isillustrated in Figure 8.
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Figure 7. Structured process for prioritizing usability problems.
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Figure 8. Phase 2 activity flow. ASQ: After-Scenario Questionnaire; SUS: System Usability Scale.
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I nspection of Updated Use Case

In response to the feedback from Phase 1, a semifunctioning
WIISEL mobile phone app prototype was also developed with
accompanying user manuals—Working Prototype Version
1—and made available for expert walkthrough. An updated use
case was also created to accompany the inspection—Paper
Prototype Version 2. The original experts from Phase 1 carried
out atwo-part usability inspection. First, the experts inspected
the solutions to the problems they had identified in Phase 1
using the new version of the use case—Paper Prototype Version
2—as aguide. This use case only presented the problems that
the expertsidentified in their original analysisand showed how
the problems had been addressed. Second, they inspected the
physica app—Working Prototype Version 1—tutilizing a
wal kthrough methodol ogy.

The use case inspection consisted of four steps:

1. The expert was presented with the original use case
scenario—Paper Prototype Version 1—inwhich they originally
identified the problem. This provided the problem context.

2. The expert was presented with a description of the problem
they identified within the scenario with, where possible, an
annotated screenshot of the interface outlining where exactly
the problem was identified.

3. The updated interface—Paper Prototype Version 2—was
presented to the expert, which has sought to addressthe problem.

4. The expert was asked to mark the relevant Likert item for the
purpose of calculating a new problem rating.

The expert was notified before proceeding that they could till
reject any changes to the interface as being either inadequate
or not being what they had suggested. The new problem ratings
calculated from the Likert itemsfilled out in Step 4 were then
compared to the origina ratings.

http://humanfactors.jmir.org/2017/1/e8/
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Cognitive Walkthrough With Manuals

In order to give the expert achanceto fully analyzethe physical
app and transition from a high-fidelity paper prototype to a
functioning physical prototype, the app was presented to the
expert following a cognitive walkthrough methodology. The
cognitive walkthrough method is employed as a means of
identifying usability problems in interactive systems, with a
primary focus on determining how quickly and accurately new
users would be able to complete a task with a system. A
lightweight overhead camera (Microsoft Life HD+Mic) was
attached using a wire cradle to the phone handset, which
captured al interactions with the phone screen interface (see
Figure 9).

The experts were walked through the user manuals and the app
by the researcher asif they were afirst-time user and were then
asked to carry out a number of scenarios. They could consult
the user manual at any time, but were not prompted by the
administrator. They were encouraged to think aloud as they
carried out each task. A number of usability metrics, such as
time taken to complete task, errors made, and completion rate,
were recorded during the walkthrough and captured using the
overhead camera. The ASQ was employed after each scenario.
The ASQ isa 7-point scale where a score of 7 indicates strong
disagreement and 1 indicates strong agreement; a lower score
indicates increased satisfaction with the interface. It seeks the
user's agreement on three statements related to key usability
metrics: “Overall | am satisfied with the ease of completing this
task,” “Overall | am satisfied with the amount of time it took
to complete this task,” and “Overall | am satisfied with the
support information (online help, messages, documentation)
when completing thistask.” All observed problemswere again
recorded and compiled in a usability and human factors report.
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Figure 9. Phone screen interface. (A) The experts walk through each scenario in the user manuals with the phone; the cradle camera captures all of
their interactions with the mobile phone. (B) An expert attemptsto log in to the mobile phone app. (C) An expert follows the connection sequence from

the user manual. (D) An expert carries out the data upload sequence.

— —

C

Phase 3 Activities. User Testing

The process of Phase 3 is summarized and illustrated in Figure
10. In this phase, a now-advanced functioning prototype
complete with user manuals where necessary was exposed to
end users in controlled summative user testing. Any major
problems with the system identified in the expert inspection
should have been addressed by this time, particularly any
problems that could adversely affect the health of the end user.
The new manuals and updated interface—Working Prototype
Version 2—were exposed to 10 older adultswho had previously
analyzed the use case. The testing was carried out in the home
of the participant. The procedure was as follows:

1. The participant was asked to complete all tasks defined in
the original use case.

2. Each task was carried out three times.
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3. Before the testing began, the parti cipants were guided through
the task by the researcher using the user manuals. Allowing the
participant to become familiar with the interface is important
to separate genuine usability problems from mistakes due to
unfamiliarity with the interface or device.

4. The overhead camerawas attached and the screen interaction
was recorded. No prompts were given to the participants, who
were expected to compl ete the task using only the user manual
asaguide (see Figure 11).

The same usability metrics were captured asin Phase 2 and the
userswere a so interviewed posttest to get their general feelings
on the deviceand interface. The feedback from user testing was
used to generate the first working system complete with user
manuals. Another usability report was compiled for the
consumption of all stakeholders.
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Figure 10. An example of Phase 3 activities. ASQ: After-Scenario Questionnaire; SUS: System Usability Scale.
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Figure 11. Older adult users carrying out tasks using the user manual as a guide during the user testing phase.
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M ethod Overview

The complete methodol ogy, with a breakdown of each phase,
isillustrated in Figure 12.
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Figure 12. An overview of the complete methodology and all the suggested activities in each phase as applied to the Wireless Insole for Independent
and Safe Elderly Living (WIISEL) system. ASQ: After-Scenario Questionnaire; TLX: Task Load Index.

Phase

Activities

Objectives

Data

Characteristics

Phase 1: Establish Context of
Use, User Profiles, User
Requirements and Interface
Concepts

-Use case contruction

-User and expert interviews
with use case

-Updated use case(s)
-Usability and human factors
report

-To define interface concepts
-To define task flows

-To define user profiles

-To define contexts of use
-Aesthetic design

-To produce semifunctioning
prototypes

-Likert satisfaction scores on
interface elements and task
flows

-Qualitative data from
interview transcripts

-Phase can be carried out
quickly and at relatively low
cost, Agile flow

-Use case can receive input
from all project stakeholders
before exposure to end users
-Data is easily readable and
can be used to justify
changes

Phase 2: Experts Inspections
and Walkthroughs

-Inspection of updated use
case and comparison to
original use case

-Cognitive walkthrough and
heuristic evaluation of
functioning or
semifunctioning prototypes
-Usability and human factors
report

-To check if user
requirements have been met
and that the system(s)
adheres to basic usability
and human factors principles
-To give the system the
greenlight for end user
testing

-To produce fully functioning
prototypes

-Likert satisfaction scores on
interface elements and task
flows

-ASQ scores for each scenario
-Task times and error rates
-System Usability Scale
global score

-Qualitative data from Think-
Aloud Protocol

-Phase does not require
many participants, as little as
4-6 experts or stakeholders
with knowledge of usability
-Phase can be carried out
quickly and at relatively low
cost

-Data is easily readable and
can be used to justify
changes

Phase 3: Usability Testing
With End Users

- User testing with the target
end users

-Task and scenario-based
testing following the
structure of the use case(s)

-To validate prototype
solutions with the target end
user in the lab is necessary or
in the end users own
environment if possible

-To create final prototypes

-Likert satisfaction scores on
interface elements

-ASQ scores for each scenario
-Task times and error rates
-System Usability Scale
global score

-NASA TLX

-Qualitative data from Think-
Aloud Protocol

- The most expensive phase
of testing

-This testing can be repeated
multiple times in different
environments where
necessary

-Data is easily readable and
can be used to justify
changes

Discussion

Principal Findings

We have presented in detail the HCD methodology we consider
to be a sensible and robust approach to designing interactive
connected health devices. We will now review our proposed
methodology and its example application to the WII SEL system
by comparing the outcome to the nine requirements that were
originally derived.

Did Our Methodology Meet Our Requirements?

In terms of the first six requirements, we implemented a
three-phase methodology that followed the flow of 1SO
9241-210. The three phases allow for design iteration and can
be repeated if necessary. The phases where iteration is most
likely to occur are Phase 2 and Phase 3 [51], as these are the
major testing phases with measurable outcomes, where outcome
metrics can be compared when tests are repeated after prototypes
have been updated. The methodology began with a phase that
sought to gain an explicit understanding of users, tasks, and
environments and tried to address the whol e user experience by
constructing ause case. Thisuse case allowed for end usersand
multidisciplinary experts to become involved and evaluate the
system concept, prototype screens, and the user task flow. The
use case we developed for WIISEL contains information
regarding the typical capabilities of the user, possible risks a
user may encounter (eg, using SO 62366 or SO 14971 as a
reference), what might happen if an error arises, and how often
they would be expected to interact with the system. These
aspects of system use were then explored in more detail in
Phases 2 and 3, using the original use case as areference point.

http://humanfactors.jmir.org/2017/1/e8/

The target end user was involved in Phase 1 and Phase 3. The
end usersin Phase 1 were able to provide accurate feedback on
their user profiles and the context of use in which they would
use the system, as well as provide early feedback on interface
concepts and task flows. In Phase 3, we were able to closely
observe them performing the system tasks that had been
carefully designed in the previous two phases. In total, 22 end
users were involved in our process. We successfully integrated
multidisciplinary inputs into our design, utilizing experts from
various backgrounds such as computer science, medicine,
nursing, gerontology, psychology, and design. The experts
should be chosen based on the type of system being designed
and who the target end user is. In our case, the input of
gerontologists and nurses with experience in technology for
older adults was invaluable. If the necessary experts are not
available, then generic inspectors should inspect the prototype
using pre-established heuristics.

In terms of the three further requirements that were derived to
add to the original six, 1SO 9241-210 was used as a guiding
source by following the principles and steps outlined within it
to fulfill Requirement 7. To fulfill Requirement 9, before the
process began we set out exactly what testing and design
activities we were going to carry out. While there are many
activities usability engineers can employ to test products, it is
never necessary to try to use all of them in the same project.
Wefelt it was best to choose what activitieswould best suit our
particular device and project. It is important to plan and
document the activitiesin adesign file, particularly if the device
isto adhereto astandard such as | EC 62366- 1. Regular meetings
were carried out among stakehol ders and devel opers to discuss
upcoming activities and design changes. After each activity, all
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results and findings were placed into presentable formats, such
as PowerPoint slides, so they could be disseminated among
team members and stakeholders. Methodologies for activities
were al so disseminated such that changes could be made before
activities took place. To fulfill Requirement 8, in Phase 1 we
carried out awell-planned and choreographed use case analysis
activity that was designed to allow for rapid idea and concept
exchange. The use case analysis acted like an interview, survey,
and ethnographic exercise all in one because it was addressing
the whole user experience and allowed end users, experts, and
stakeholders to participate in the formation and analysis of
concepts and ideas, as well as providing validation on user
profiles and context of use. We utilized paper prototypes
extensively in Phase 1 and usability inspections with small
expert teamsin Phase 2. Thisuse of so-called discount usability
engineering methods again allows for rapid turnaround times
on prototypes and quick feedback to be sent to the design team.
The use cases can be constructed in a matter of days, while a
full use case analysis can be carried out with an end user or
expert in an hour. The data are easy to process because al the
data—the Likert data and think-aloud transcripts—are at hand
from the one analysis and are relatable directly to the context
of use.

Final Commentsand Limitations

We can say on a preliminary basis that all the objectives we
originally outlined for this methodol ogy have been successfully
met. We feel that our proposed methodol ogy, and the examples
of its implementation in this paper, will provide prospective
designers with a methodological blueprint to follow an HCD
process that adheresto a standardized structure, but also allows
for rapid development cycles.

We have aso recognized some possible limitations in our
methodology that need to be addressed. In Phase 2, we only
tested the prototypes with experts from various disciplines.
There are a number of reasons for this. First, as a matter of
principle in terms of ergonomic quality control and safety, we
feel it is important to not expose a prototype to a potentialy
vulnerable user group, such as older adultsin this case, until it
has been fully inspected and walked through by experts. The
example of a mobile phone app may not seem necessary to
warrant this level of caution; however, we want this
methodology to be applicable to al kinds of connected health
devices, some of which may have greater levels of risk than
others. Second, the expert input in Phase 2 allowed for afresh
third-party perspective on the system and brought a level of
expertise in areas of usability, human factors, and interface
design, something that the target end user themselves may not
have experience in. Finally, end user recruitment can be
expensive, therefore Phase 2 acts as a way to remove many of
the usability problems, however simple or complex they may
be, before the prototype reaches end users. Experts may also be
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expensive to hire or recruit; however, within a research group
or enterprise, usability inspection groups can be formed from
stakeholders, designers, and developers who may aready be
involved in aproject or related projects. Those not experienced
in usability can be trained in how to analyze prototypes using
heuristics.

One of the requirements of the methodology was to create an
emphasis on rapid prototyping and evaluation, which is made
possible in the methodology by introducing paper prototyping
activitiesin Phase 1 and so-called discount usability engineering
techniques in Phase 2. This emphasis on rapidity may lead to
depreciation in quality. However, our methodol ogy emphasizes
the need for documentation and review after each phase. This
will ensure that changes that have been recommended are
disseminated, prioritized, and implemented before the next
phase begins [71]. Ultimately, the quality and design of the
testing and evaluations will dictate the quality and efficiency
of the user feedback and what changes need to be made; thisis
why having a dedicated usability engineer on adesign team is
important [72].

In terms of measurability, how do we know our methodology
has provided any improvement or is measurably better than
other methodologies? This is hard to measure and would only
beredlitic if we applied different methodologiesto the design
of the same product. In this paper, we have identified many
different methodologies that have been applied to the design
and devel opment of connected health and other similar medical
devices. However, we identified a lack of standardized and
guided approaches. Therefore, we wanted to derive a
methodology that was guided by the principles and steps
described in 1SO 9241-210 and that has explicitly described
steps and activities that other designers and engineers can
follow. If this methodology is used in the future and is adopted
by others, then we can start to measure its true effect and
measure what its shortcomings may be, leading to improved
HCD methodologies in the future. The application of the
methodology to the WIISEL system and the subsequent results
of this application will be explored in more detail in a separate

paper.
Conclusions

We conclude that our methodology brings a simple yet robust
structure to HCD and development, while maintaining arapid
approach that will suit modern design and usability engineering
teams in fast-paced and competitive industries. We have
described in detail the activities that can be carried out in each
phase. We have aso presented our justification for this
methodol ogy and why we consider it to be aflexible and useful
methodology, particularly for improving the usability, human
factors, and user experience of devices and systems to be used
for medical purposes.
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