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Abstract: Disabled and elderly populations may not fully appreciate the benefits of advanced
technologies and every-day products due to accessibility issues. However, the diverse characteristics
of disabled and elderly users make conducting user research a challenging task for stakeholders who
oversee the needs of developing accessible products. They need a tool providing rich information
to empathize with the disabled and elderly users, instead of standards and documents without
detailed explanation of real-world applications. Therefore, this study aims to identify accessibility
issues based on the interview and observation data from 52 people with different disabilities and
ages. We developed eight personas representing four different user groups under the context of
home appliance usage: visually impaired, hearing impaired, spinal-cord impaired, and elderly. Each
persona takes a role as a tool to understand the target users and has a persona card representing
their task barriers, frustrations, needs, and quotations along with a cartoonized character. In this
study, we address two common accessibility issues and two persona-specific issues within each user
group. The issues are presented in stakeholder’s language personas to help them comprehend and
empathize with their users.

Keywords: personas; user experience; disability; elderlies; home appliances; context-of-use

1. Introduction
1.1. Home Appliances and Accessibility

The advent of innovative technologies with modern features and services that make
life more convenient and comfortable exists is presently taking place. The latest technolo-
gies, including home appliances, deliver benefits to our lives; however, due to the lack
of accessibility support from the manufacturers and designers, a considerable number of
people in need of accessibility support have been ignored. Such technologies may lead
to more difficulties for some users when utilizing them to achieve their desired goals
than outdated products would have. In particular, it is challenging for disabled users
and elderlies who have diminished function in vision, hearing, or even mobility to fully
appreciate the newly released top-notch technologies due to their issues with impaired
modality and mobility or even lack of experience.

The World Health Organization [1] reported that the number of people living with one
or more disabilities is more than one billion—nearly 15% of the world population—and
almost 200 million experience considerable difficulties in functioning. The number of the
disabled population may grow larger in number because most disabilities are acquired
during the lifetime of an individual rather than being congenital [2,3]. It is sensible to
reckon that these users will confront unreasonable endeavors of both cognitive and physical
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manner, along with consequent safety issues if there is no accessibility support given for
them when using daily appliances. It is important to assure that such users do not feel that
they are dependent or need help in their everyday life issues [4,5] when using a product.

Presently, stakeholders, including manufacturers, recognize that there is a significant
population with accessibility issues using their products. Moreover, it is a major social
responsibility of manufacturers to ensure a product is accessible to diverse users [6],
especially for the manufacturers of home appliances that fulfill the core needs of human life.
According to the report of the Ministry of Trade, Industry, and Energy in South Korea in
2014 [7], accessibility issues are prevalent with home appliances, such as washing machines,
microwaves, and refrigerators for people with visual impairment, hearing impairment,
and upper and lower limb impairments. In this study, we chose the washing machines,
microwaves, ovens, and cooktops as target appliances. These all require a user to perform
a similar task sequence to operate; a user loads an object in or on the appliance, delivers
control commands, monitors the operational status, fixes an error at its occurrence, and
unloads the object from the appliance. Moreover, the structures or mechanisms of the
major home appliances do not differ significantly by countries from those in Korea, and the
users with the same type of disability will experience similar problems outside of Korea,
accordingly.

1.2. Guidelines and Standards for Accessibility

In response, there are various standards and documents published to deliver guide-
lines for accessible products, albeit with three major limitations. First, the coverage of target
users is insufficient in some documents. The United States government has published
the Americans with Disabilities Act (hereafter, ADA), including ADA standards [8] for
accessible design with recommended numbers and measures so that manufacturers and
designers can utilize them as design reference. Although the ADA standard provides
design guidelines for various home appliances such as refrigerators, ovens, cooktops,
washers, and dryers, its main target user is the wheelchaired population, disregarding
the remaining disability groups and elderlies. On the other hand, IEC 63008 [9] provides
design guidelines for operable parts such as doors, lids, drawers, and controls for users
with various types of impairments, whereas the ADA focuses on the home appliance as a
whole product for the specific disabled population. IEC 63008 certainly considered multiple
user groups with various impairments and stated that such impairments become more
severe as a user ages; however, elderly users are not included as a target user that may
encounter different contexts of use. Most ISO documents related to the accessibility, other
than ISO 22411 [10] and ISO 9241-20 [11], also omitted elderly users.

Another limitation of such documents is the target domains of the application. Despite
the wide coverage of disability types, many ISO documents such as ISO 9241-20, ISO TR
29138-1, and ISO TS 16071 [11-13] mostly focused on the context of software or web
accessibility issues. It can be challenging for manufacturers to directly apply the given user
needs from the standards into their physical product development. This is because the user
behaviors for Graphical User Interfaces (GUIs), such as web or software activities, which
are mostly cognitive with minimal physical tasks, can differ from the user interactions for
a product with Physical User Interfaces (PUIs). In terms of physical designs, the ADA
standard may fall into this category since it provides some physical design guidelines
for home appliances as stated earlier. However, the ADA standard preferably provides
guidelines mostly for environmental designs rather than for product designs since it is
especially targeted for the mobility of wheelchair users; the design guidelines for home
appliances are minimal and obscure. IEC 63008 is also a physical design guideline; however,
it is insufficient for a designer or manufacturer who designs a whole product since it
delivers the guidelines only for the operable parts.

Finally, the aforementioned standards and documents are not written in a language
easily comprehensible by designers and manufacturers. The designers and manufacturers
who are new to the concept of accessibility may not fully utilize or comprehend the contents
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of these standards due to the lack of detailed explanation on the context of use [14]. The
ADA standard provides design guidelines with recommended numbers and measures so
that manufacturers and designers can utilize them as design reference. However, ADA’s
guidelines are obscure or rather minimal as they do not explain how they derived such
numeric values. There should be descriptions of a target user’s behavior or possible use
case scenarios for readers to understand the context of use and implement the values in
their designs.

Such documents will help manufacturers to logically understand the fact that many
potential users encounter such accessibility issues in their ordinary lives; however, the
specific needs and frustrations of disabled users when using inaccessible products will
only remain unknown, vague, and without empathy. The lack of empathy can breed many
misconceptions of disabled users, created by misinterpretation of disabled people’s experi-
ences and knowledge [15,16], since the stakeholders themselves have never experienced
what it is like to be a disabled user [17]. This does not mean they are not applicable at
all, because these documents can be useful for the accessibility experts to undergo acces-
sibility assessment on various products and to design their control compartments with
recommended design specification with numeric references. However, one must remember
that not all readers have pre-built empathy and expertise to directly implement the given
numbers. In short, such already-available information is not suitably presented in terms of
the stakeholders’ language [15,18]. Therefore, it is an essential prerequisite to investigate
and empathize with the users by leveraging appropriate user studies to build empathy and
expertise before reading the aforementioned guidelines.

1.3. User Profiling and Modeling

A suitably selected and conducted user research method can provide abundant mean-
ingful insights depending on the focus of the study [19]. The user-centered approach allows
designers and manufacturers to successfully construct user profiles or user models, which
is essential to understand the vulnerable user population like the disabled and elderly
users. However, there is a barrier for stakeholders when they conduct user research for the
users in need of accessibility support. This barrier of inaccessibility is not one-directional
but mutual; it is also inaccessible for the stakeholders to hear from their target users about
their experience; ironically, it is similar to how it was not accessible for users to appreciate
the designs from the stakeholders.

There are several methods of collecting user profiling data along with important
factors—inaccessibility problems—to consider in advance, especially for the vulnerable yet
inaccessible population. For example, when conducting a survey, the same questionnaires
must be in various formats to meet the capability of users. It must be screen-reader-
compatible for visually impaired users, neither verbose nor too complex for sign language
users, less burdensome to answer for physically disabled users, and given in both manual
and online formats for elderly users with lower ICT (Information and Communications
Technology) ability [20-22]. Other user research methods also have the same barrier
issue. Interviews require a dedicated moderator to create adequate rapport to encourage
participants to share their true experience with accessibility issues in detail [17]. It also
requires a skillful sign language translator for interviewing deaf participants in addition to
an experienced moderator [23,24]. Day Reconstruction Method (DRM) reduces participants’
burden of recoding episodes by imposing a chronological process only in a daily manner.
However, it still requires highly systematic participation and engagement of disabled users
to record their specific user experiences [25,26]. Most critically, it is challenging to recruit
disabled and elderly users and to manage an interview or observation session. While
taking into account all the considerable factors above, this study adopted the Focus Group
Interview (FGI) and on-site observation methods.

Furthermore, we developed personas for each group by the collected data from FGI
and observation to highlight the user issues. When it is inaccessible for a manufacturer to
obtain actual users’ needs and their behaviors toward a product, personas can be a great
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substitute for the target users because personas help stakeholders to empathize with their
user with more profound understanding [15,18,27] and are especially useful when it is
challenging to recruit the target users [28]. A persona is a realistic but fictitious individual
user that represents the target user’s characteristics, needs, behaviors, objectives, and
expectations [29,30]. Personas based on user research can help manufacturers recognize
and empathize with the needs in accessibility for people with disabilities since the personas
define not only the users and user characteristics but also the problems they experience
throughout given scenarios. The personas are presented in the form of a designer’s
language rather than cold, unempathizeable tables and charts.

Recently, there have been new techniques with a quantitative approach adopted
for persona development, such as survey statistics and text-mining [31,32]. However,
most of the persona studies still use a qualitative approach. Studies with a qualitative
approach are highly focused on the persona’s use case scenarios and probable frustrations
and needs while lacking an explanation of how personas are made. Furthermore, the
data collected from the disabled and elderly users in this study are best suited to the
qualitative approach as well. Thus, this study borrowed one of the traditional methods to
create personas from Pruitt and Adlin [33]. Previous studies created personas for disabled
users [18,20,34-37] and also approved the effectiveness of personas when applied in studies
on disabled people. In particular, Schulz and Fuglerud [35] suggested targeting four main
groups of disabilities when developing disability personas: people with vision, hearing,
movement, and cognitive impairments. They also recommended considering the elderly as
well, if possible, since the elderly populations suffer from a combination of several milder
versions of impairments from these four groups. Therefore, by taking the suggestions,
this study developed personas of disabled people under the context of home appliance
usage to investigate their user needs and frustration, presented in forms of stakeholder’s
(manufacturers and designers) language so that they can empathize with the disabled users.

Overall, this study aims to extract accessibility issues of disabled and elderly users
within the context of home appliance usage via the persona approach. This study created
personas representing target user groups from FGIs and observations. Each persona
addresses accessibility issues and possible solutions.

2. Methods

This study developed personas for four groups of disabled and elderly users based
on the procedure described in Figure 1. The basis of personas comprises qualitatively
selected insights from the focus group interviews and observation. We collected the
user experience data from both Focus Group Interview and observation and qualitatively
analyzed them. Finally, we created personas representing each user group, which indicate
their user characteristics, behaviors, task barriers and goals, needs and frustration, and
accessibility issues.
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Figure 1. Overview of study procedure to investigate the accessibility issues.
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2.1. User Experience Data Collection

A total of 52 people with different disabilities and age (14 visually impaired, 13
hearing impaired, 9 spinal-cord impaired, and 16 elderly) participated. All participants
were invited to an interview site with pre-installed home appliances. In advance of the site
visits, visually impaired participants and elderly groups were verbally instructed through
phone calls, along with documented instructions. Special transportation was prepared
for visually impaired and spinal-cord-impaired people. We also hired a sign language
translator for the hearing-impaired group as well.

All participants completed a set of basic survey questionnaires on their daily behav-
iors with the target appliances and frustration and needs in advance of the interview and
observation. The questionnaires asked demographic characteristics such as gender, age,
family member, currently used assistive devices, acquisition of disability, dependent sen-
sation, the activeness of household work (7-point-Likert scale), and perceived ICT ability
(7-point-Likert scale).

Focus Group Interviews for each target group were conducted so that the users with
similar challenges could share their various experiences and either agree or disagree on
the accessibility issues that each individual experienced. Furthermore, the participants
could try out pre-installed home appliances during the interview to recall specific needs
and frustrations, which they could have forgotten to provide for a survey. All participants
interacted with the washing machine, microwave, oven, and gas and electric stoves and
freely expressed both poorly designed and well-designed aspects of pre-installed appliances
in terms of their disability and age characteristics. Consequently, all of their responses were
recorded with the corresponding appliance. Their behaviors of using the appliances were
observed and documented.

Each interview session asked the participants to share their experience and opinions
of the inconvenience of using the target home appliances based on five different task
phases for the chronological sequence of product usages: pre-usage (preparation or set-up),
usage (input control), mid-usage (monitoring in the midst of operation process), post-usage
(wrap-up), and maintenance phase. The definition and example of each phase are given in
Table 1.
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Table 1. Definitions and examples of timely phase when using home appliances.

Timely Phase

Definition

Example Tasks

Pre-Usage (Preparation)

Usage (Control)

Mid-Usage (Monitoring)

Post-Usage (Wrap-up)

Maintenance/Installment

A preparation-related phase
for a user to load an object
in/on an appliance
A control-related phase for a
user to give an operational
command to an appliance
A monitoring phase for a user
to check an appliance’s
operational or error status
A wrap-up phase for a user to
unload an object from an
appliance
A phase where an appliance is
not under operation until the
next cycle

Opening/closing a door,
Carrying, Placing an object

Searching, Selecting,
Feedback-receiving,
Operating
Feedback-receiving, Planning,

Status-checking

Same as that of pre-usage but
in reverse order

Cleaning, Status-checking,
Assembling/disassembling

2.2. Data Analysis for Personas

Some existing studies have created personas for disabled people [35,38—41]; however,

there is no detailed explanation of how the personas were created, though they are rich
in personal information about their personas. This study burrowed the persona creation
method developed by Pruitt and Adlin [33], as shown in Figure 2. They suggested identi-
fying the “ad hoc” persona in the beginning. The development of ad hoc personas helps
articulate the initial assumption toward the target users. It also helps set up the starting
point of persona creation. This study chose the visually impaired, hearing-impaired, spinal-
cord-impaired, and elderly users as the target users in accordance with the suggestions
made by Schulz and Fuglerud for creating personas for disabilities [35], which became the
ad hoc personas for this study, the first step of persona creation.

Ad Hoc
Personas
Creation

Persona Cards
(Documentation)

Persona
Development

Persona
Skeletons

Data
Processing

Data sources

i 3
Visuallu® N
- o V|suqllg
|mpall’9d Impaired
Low-Vision
o Deaf @,
Hearing @ S R
. B8E& T wsiinei W
Impaired Cochlear
‘ ‘ Implemented
Closed Fist )
i “'~§’ inal Cor S
Splnal Cord@ lmcrprctatio.nostcr Persona ImuIaLire::
Impaired Behaviors Skeleton ) A
Opened Palm o
@ @ O Grandma %}} oota = —
=) L e
Grandpa -

Figure 2. The flow of persona creation borrowed from Pruitt and Adlin [33].

Consequently, for data processing, verbally recorded audio from both FGI and obser-
vation sessions were manually transcribed and translated by four ergonomic professionals.
For the investigation of the accessibility issues under the context of home appliance usage,
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each meaningful sentence representing their user experience and behavior was scrutinized
and sorted based on the characteristics of target user groups, relevant product and compart-
ment, usage phase, and task characteristics. In terms of task characteristics, we borrowed
the five accessibility operational tasks (perceive, recognize, monitor, reach, operate) from
IEC 63008 [9] to sort the relevant tasks. The five tasks consist of three informative tasks
(perceive, recognize, and monitor) and two physical tasks (reach and operate). Table 2
describes the extended definition of user tasks borrowed and edited from the accessibility
operational tasks of IEC 63008 used in this study. We counted each issue regarding its task
characteristics and context to understand the representative accessibility issues within the
user groups.

Table 2. Definition of accessibility operational tasks.

Accessibility Operational The Extended Definition

Definition (IEC 63008 [9])

Tasks Used in This Study
. . T i
To find the product and its . he sear ching task for
. . information and product
Perceive parts required to perform the - -
task compartment of interest via
sensory channels.
Identification/comprehension
To identify /understand the of perceived information or
Recognize parts required to perform the product part, including
task prediction or planning for
consequent tasks
. R ion of f
. To receive feedback on the eception o eedbacks and
Monitor . inspection of the current
operation
status
Partial or whole-body access
Physical access to the parts (reach and clearance) to
Reach . product compartments of
required to perform the task . . .
interest, including the
positioning and grasping
Any physical movements
1 he achi £
Operate To perform the task related to the achievement o

main goals, including pulling,
pushing, pressing, etc.

There was a need to split the ad hoc persona in the persona skeleton development
procedure, where it verifies the categories of users and identifies subcategories of users.
We considered the following criteria when segregating the user groups: (1) differences
in the level of utilization of body parts with a disability; (2) physical differences such as
height, strength, or shape; and (3) differences in experience and attitude regarding the use
of home appliances. Consequently, we considered whether these differences potentially
lead to different and distinct accessibility issues (frustrations and needs) and solution
approaches. Of course, the number of personas can diverge, and there is no magic number
of personas [33]. However, personas are not for describing every single user, but for the
representative user groups. Moreover, the number of personas should be manageable.
Therefore, based on the data we collected, we aimed to develop each archetypal and
atypical persona within a user group.

2.3. Persona Creation for Identifying Accessibility Issues

Consequently, consistent organized data and insights were leveraged to create per-
sonas conveying the frustration and needs of each user group. Each persona visualized
their accessibility issues in a form of a persona card for easier comprehension and empathy.
This procedure belongs to the later phase of the persona creation flow in Figure 2.

As shown in Figure 3, we developed a persona card template, which consists of the
collected demographics and task characteristics in terms of task barriers and goals, user
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frustrations and needs, representative quotations, and cartoon characters representing the
virtual users of each disabled or elderly group.

escriptions on a Persona and his/her behavior and attitude toward home appliances
U T Descrip P 1 his/her bel 1 1 1 home appl
. oL ofe.
- Quotations Accessibility Issues

47N

k\\,,,;’]y’ /l@j Visual “Representative Quotations”

- - o/ et

” TN — Characteristics 1. First common accessibility issue within the user grou

/ \ “ . » 4 group
| / Any frustration or needs Scenarios and explanation of the first common issues here. It may be slightly
1 ﬁ i’l 1 different between archetypal and atypical personas
I [ ) : “ . "
[ i 9 ) Auditory Quotations here 2. Second common accessibility issue within the user group
I n ] ~~"" Characteristics It may be slightly different between archetypal and atypical personas
- INY2

1 l: : A “What the users do”

1 'l \ . 3. Persona-specific accessibility issue

| :I I »'/(—*)\\ Handling Scenario and explanation of the persona-specific issues here.

: H : W' Characteristic “Quotations here”

1"
M)
\_/ i i
~7N? pge Inyears Task Barrier/ Goals Frustration Needs
Gender Female or Male O Perceive @ Reach «  Any difficulties of « Possible solutions from user
eac
Type Specific User Type * Physical, cognitive issues or safety interviews
Recognize ;
Assistive Device If any 9 9 Operate issue in keywords * Orpersonal solutions
Family Member Spouse, Kids, Pets, etc. @ Monitoring * Related to task barriers and goals * Regarding their disabilities or age

Figure 3. Persona card template.

The cartoon characters represent the physical characteristics of disabled users and
elderlies along with assistive devices, if any. The task barriers and goals specify the context,
whereas the quotations along with the frustration and needs of a specific persona describe
the actual accessibility issues of using home appliances under the context. Therefore, we
intended that one can grasp the overall accessibility issues by personas since each persona
reflects the majority of demographics and accessibility issues to be a representative persona.
It is also worth noting that based on our research, we developed additional personas
representing some specific issues and characteristics, though they may not be the majority
of collected data within their user group since the difference in user characteristics was
the main criterion for the within-group persona segregation. Personas for the users with
informational disabilities (visual or hearing impairment) diverged based on the level of
dependency in their disabled sensations, that is, whether they can still utilize their disabled
sensory channel to retrieve information. For spinal-cord-impaired personas, who represent
physical disability, the differences in hand shape and gender were the key distinctive
features to specify their personas, which indicate the different height and reach/clearance
issues. Finally, gender was the main criterion to differentiate two elderly personas who
have different anthropometric characteristics and their experience in household works.

Finally, each persona was given three accessibility issues: two as common issues within
its user group, and the other as persona-specific. For the common issues, the number of
issues was counted, and the issue with a high number was chosen as the common issue.
On the other hand, the persona-specific issue is assigned to each persona with similar
criteria to that of persona segregation because this issue does not overlap with the issues
for the other personas. The persona-specific issue must be led by (1) the differences in the
level of utilization of disabled /diminished parts; (2) physical differences such as height,
strength, or shape; and (3) differences in experience and attitude regarding the use of
home appliances. When prioritizing the issues for both common and persona-specific, an
issue arises related to prevention of autonomous usage, safety issue, and its potential to
induce different and distinct design solutions. The issues in persona cards are written in a
narrative or scenario-like form.
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3. Results
3.1. Persona Behaviors and Characteristics

The demographics of the participants are shown in Table 3. There were relatively more
female users among the user groups, other than the spinal-cord-injured users. The average
ages of visually impaired, hearing impaired, spinal-cord-impaired, and elderly users were
41.6, 38.1, 33.6, and 73.1 years old, respectively. Approximately 77% of participants had
acquired disabilities, while the participants with a congenital disability were 23%. In
addition, two of the elderlies had acquired disabilities, namely hearing loss and brain
lesion. The activeness of household work was over 5 out of 7 points for all user groups,
other than the spinal-cord-impaired user group. The perceived ICT-ability of each user
group was 5,5.69, 5, and 3.93 for visually impaired, hearing impaired, spinal-cord-impaired,
and elderly users, respectively. In terms of an assistive device, visually impaired users use
a screen-reader and magnifier the most, while hearing-impaired users use hearing aids and
cochlear implant devices. Spinal-cord impaired users were all equipped with wheelchairs,
and elderly users used glasses and hearing aids.

Table 3. Demographics of participants.

Visually Hearing Spinal-Cord
. . . . Elderly
Demographics Impaired Impaired Impaired (n = 16)
(n=14) (n=13) (n=9) -
Average 41.6 38.1 33.6 73.1
Age Min 24 25 20 67
Max 65 64 45 81
Female 9 (64%) 8 (62%) 3 (33%) 11 (69%)
Gender
Male 5 (36%) 5 (38%) 6 (67%) 5 (31%)
Disability Congenital 5 (36%) 7 (54%) 0 (0%) 14 (0%)
Acquired 9 (64%) 6 (46%) 9 (100%) 2 (12.50%) *
Visual 8 (57%) 10 (77%) 9 (100%) -
Dependent
sensations Auditory 11 (790/0) 5 (380/0) 6 (670/0) -
Tactile 11 (79%) 3 (23%) 4 (44%) -
Household work activeness 5.00 5.63 3.33 5.50
Perceived-ICT-ability 5 5.69 5 3.93
Screen reader, Hearing aids, Glasses,

Cochlear Wheelchair
implant

Assistive Devices

Magnifier Hearing aids

* two elderlies acquired hearing loss and brain lesion.

The number of accessibility issues found during the interview and observation ses-
sions regarding the user groups is as shown in Table 4. All the accessibility issues were
organized based on the five accessibility tasks and chronological product usage phases. The
total number of issues from each user group was 89, 55, 92, and 59 for visually impaired,
hearing impaired, spinal-cord impaired, and elderly users, respectively. For the visually
impaired users, accessibility issues with monitoring tasks appeared the most, followed by
recognize, perceive, operate, and reach tasks (see Table 4). For example, visually impaired
users have a hard time monitoring the current position or status of home appliances and
recognizing what they touched and were afraid to reach out or touch a surface with heat.
The hearing-impaired users also showed a similar trend of monitoring tasks being the
most frequent, followed by recognize, operate, reach, and perceive tasks (see Table 4). On
the other hand, there were accessibility issues with reach tasks the most with spinal-cord
impaired users, followed by operate, monitor, recognize, and perceive tasks (see Table 4).
Finally, for the elderly users, the accessibility issues were comparably balanced among the
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four tasks except for the perceive task, while the operate task was the most frequent issue
(see Table 4). Most of the comments from participants dealt with inaccessible issues.

Table 4. Accessibility issues counted for visually impaired/hearing impaired/spinal-cord im-

paired/elderly users.
Timely Context IEC 63008 Accessibility Test Task Counts
Perceive Recognize Monitor Reach Operate
Pre-Usage 4 3 4 3 14
Usage 9 17 21 5 52
Mid-Usage 1 2 8 11
Post-Usage 1 1 1 7
Maintenance 2 3 1 5
Counts 15 24 40 1 9 89
Timely Context IEC 63008 Accessibility Test Task Counts
Perceive Recognize Monitor Reach Operate
Pre-Usage 1 1 1 2 5
Usage 3 11 8 1 23
Mid-Usage 1 11 12
Post-Usage 2 4 2 8
Maintenance 1 3 3 7
Counts 4 13 25 6 7 55
Timely Context IEC 63008 Accessibility Test Task Counts
Perceive Recognize Monitor Reach Operate
Pre-Usage 2 3 23 5 33
Usage 2 2 7 9 12 32
Mid-Usage 1 2 3
Post-Usage 15 2 17
Maintenance 1 3 3 7
Counts 5 5 8 50 24 92
Timely Context IEC 63008 Accessibility Test Task Counts
Perceive Recognize Monitor Reach Operate
Pre-Usage 6 4 3 5 18
Usage 2 6 3 1 2 14
Mid-Usage 4 1 5
Post-Usage 1 3 1 5
Maintenance 1 2 5 9 17
Counts 3 12 14 12 18 59

3.2. Created Personas

We developed a total of eight personas covering the four target user groups of visually
impaired, hearing impaired, spinal-cord-impaired, and elderly people. In the results, each
group has two personas representing remarkable differences within the group: one for an
archetypal case and the other for an atypical case. In other words, one persona in a group
represents a well-known or often-considered case of disabilities or elderlies, while the other
represents the case that may be considered rarely. Hence, the archetypal personas are blind,
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deaf, closed-fist, and grandma personas, whereas the atypical personas are low-vision,
cochlear implemented, opened-palm, and grandpa personas, as shown in Figure 4.

Blind Deaf Closed Fist Grandma

Archetypal
Personas
Visuallu® Hearing@ Spinal Cord®
Impaired Impaired Impaired
Atypical
Personas
Low-Vision Cochlear Opened Palm Grandpa

Implemented

Figure 4. Eight personas created for four target user groups (archetypal and atypical personas).

As mentioned above, each persona is represented in a form of a persona card. For
example, Ms. Suzy is the archetypal visually impaired persona representing the blind
users. As shown in Figure 5, Her persona card describes who she is on the left: her
physical characteristics and how she uses them, an assistive device she uses, and family
members. On the right side are her behavior and attitude toward home appliance usage
along with a relevant quotation and accessibility issues. Her task barriers and goals are
expressed iconically in terms of IEC 63008 tasks, in her case, they are perceive, recognize,
and monitoring.

Suzy Suzy is a mother of two children.
VI I I Her ears and fingertips let her explore and know the world.
Isua y A clear tactile landmark and voice assistant can tell her “What is happening™
Impaired o) Accessib
@ Closed Eyes  “Do I have to remember 1. Separation of navigation& execution(Unintentional activation)
every controls++?" !ll comparison to the non-visually impaired users whose operation or cxccu.lmn task
; is performed as a finger or hand of touches the screen after or at the same time
Manuals are useless visual exploration is done. visually impaired users need to touch the screen at first.
i i iven--" to explore the screen oo, Feedback!
| ) with figures given plor et <@ Discovery A% grarus Chock
@ Sound-seeing “Can’t you just speak?” 2. Relocation over the heat (Exposure to heat)
Ears With the cooking appliances where a user have to interact with heated devices, Suzy
. . cannot utilized their hands to explore and allocate a cooker onto/into the appliance.
Where are the buttons::-? Mittens make her finger tips dull. safety
. “Oops, | must have activated 2(1Y- Learning!
> SWIpe to find Something=+" 3. Screen-reader compatibility Problem Solving
and to read . - . pdffile like the electronic manuals may be readable by screen reader. but it cannot
I swipe to find! read pictures and figures. Tags are required to explain each non-text items.
Age 46 Task Barrier/ Goals Frustration Needs
Gender Female O Perceive « Difficultto find and distinguish « Salient tactile cues
Type Blind Actionables & Controls *  Status information
o . e Recognize .
Assistive Device Screen reader * Difficultto know current status + Simple & effective controls
Family Member Spouseand kid @ Monitoring * Vulnerable to burns * Isolation of dangerous factors

Figure 5. Persona card of Ms. Suzy, the blind persona.

At the bottom of her persona card is summarized her accessibility issues in a brief
manner—frustration and need. She is frustrated when the operable parts and controls are
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difficult to find or distinguish due to a lack of auditory explanation and tactile cues. In
addition, she struggles to comprehend the current status of home appliances, whether it is
running or how it changed after her control inputs. Suzy is also more susceptible to burns
since some of the home appliances related to cooking deal with the heat but her awareness
cannot protect her enough due to limited monitoring capability. Moreover, her quote,
“manuals with many figures are useless” represents the incompatibility of her assistive
device: a screen reader. Unless there are corresponding tags given to explain the figures in
a screen-reader in compatible text-form, she cannot access any relevant information. The
rest of the personas with persona cards are provided in Appendix A.

4. Discussion

The accessibility issues regarding the five accessibility tasks and operational phases
allow a manufacturer to grasp the relative frequencies for issue occurrence within the
context of home appliance usage. In Table 4a-d, regardless of this relative difference in
numbers, one must not assume that the severity of the disability caused the difference in
total issue counts, but keep in mind that it took longer for the hearing impaired group to
share their experience within a limited interview time since it required a sign language
translator to translate their opinions simultaneously. In contrast, the visually impaired
and spinal-cord-impaired groups could verbally express their issues, allowing them to
utilize the interview time more. In this section, we defined the distinctive behaviors and
characteristics of personas and discussed corresponding accessibility issues.

4.1. Behaviors and Characteristics of Personas

This section explains the basis of persona segregation within each user group. Each
persona representing eight different user types describes its general yet unique behaviors
and characteristics under the context of home appliance usage (see Appendix A). The
difference between the archetypal personas and atypical personas are discussed.

4.1.1. Personas with Visual Impairments

The personas for visual impairments are the blind persona and low-vision persona.
When people generally think of a visually impaired person, they tend to think of a blind
person and usually come up with basic ideas such as the implementation of braille, which
is fully tactile-dependent yet excludes visionary solutions. However, one must not hastily
assume that every visually impaired user can read braille [42], as 64% of the visually
impaired participants have acquired disability as shown in Table 4. Moreover, visually
impaired people with low vision showed a high dependency on visual information though
the visual information may not be lucid for them. It is important to include a low-vision
persona when considering the accessibility issues for visually impaired people so that the
idea generated can reflect a multi-modal information provision such as visual supports
along with tactile and auditory supports. Thus, we provide common issues for both blind
and low-vision personas, along with some dedicated issues per personas.

Ms. Suzy is the blind persona representing the archetypal visually impaired users.
Her eyes are closed to represent that she is blind, while her ears are exposed to show that
she highly relies on auditory sources. Her quotations and marks on her hand describe her
swiping behavior when she explores the product. Ms. Suzy uses a screen reader as her
assistive device, which is her verbal companion.

Ms. Jenny, as shown in Figure A2, is the low-vision persona representing the atypical
visually impaired users. She wears glasses to represent that she does rely on visual sources.
Her ears and hands are noted in the same manner as Ms. Suzy. She also swipes her hands
over a product just like Ms. Suzy; however, she also approaches a product at a close
distance so that she can visually see and comprehend.
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4.1.2. Personas with Hearing Impairments

The personas for hearing impairments are the deaf persona and cochlear implemented
persona. The common misconception toward people with hearing impairments is that
textual information can solve their information accessibility issues as mentioned above.
Another common misconception is that installing a lighting feedback system can resolve
their issues. This misconception disregards the context when the users are far away or
turned away from the product, which frequently happens with home appliance usages;
users do not stand right in front of the appliances all the time while they are running
in peration.

Ms. Michelle is the deaf persona representing the archetypal hearing-impaired users.
Her ears are covered by her hair and not exposed to show that she does not rely on auditory
feedback, as shown in Figure A3. In contrast, her eyes are well-shown, and so are her hands,
because she utilizes them well. Moreover, her hands are wiggling and her quotations are
simpler in vocabulary to represent that she is a sign language user. A sign language user
usually has comparably smaller vocabulary, since the language spoken in their nation is
not their mother tongue, but sign language is. Moreover, sign language vocabularies are
not fully compatible with common dictionaries. Sign language users tend to have a smaller
vocabulary as if they are foreigners [43].

Ms. Elaine is the cochlear implemented persona representing the atypical hearing-
impaired users. As shown in Figure A4, she has a cochlear implant on her ear, and her
hairs are tied in the shape of zero and one, representing digital signals because the cochlear
implant device converts outer acoustic sound into a digital signal which stimulates her
auditory neurons so that she can hear the sound from her circumference. In contrast to
Michelle, Elaine’s quotations have complete grammar, and she does not wiggle her hands
since she prefers to communicate verbally instead of with sign language.

4.1.3. Personas with Spinal-Cord Impairments

The archetypal and atypical personas for spinal-cord impairments are closed-fist
persona and opened-palm persona, respectively. Other personas are segregated in terms of
sensational dependency or difference in household work experience, whereas the personas
of spinal-cord impairments are segregated based on their hand shapes: closed fist and
opened palm. Anatomically or physiopathologically, it would be sensible to segregate
spinal cord impaired personas based on the damaged area on their spinal cord, which
causes a different level of neural communications via their spine [44,45]. Thereby, the level
of freedom on the upper limb would have named personas such as tetraplegia with C6
injury or paraplegia with T6 injury or L1 injury. However, such names are too technical for
the stakeholders to easily comprehend the specific characteristics of personas. In addition,
tetraplegia user with C6 injury is simply in worse condition than the paraplegia with T6
injury with lower sensory level and less freedom of body movement [45], so the difference
among personas would be rather minimal, and one persona can inclusively embrace all the
issues of the other persona.

The reason for creating two different personas for a disability type is to represent dif-
ferent frustrations and needs within the disability group. As we observed and interviewed
the real users with spinal cord impairments, the difficulties in the use of lower back to
bend, to reach an object or operable located below or far, or to obtain visual access with
limited sight were common throughout the users. However, hands were used, depending
on their hand shapes when operating different types of operable parts like controls, doors,
etc. Closed fist users needed wider clearance for their fist to go through, while opened
palm users required deeper clearance. Moreover, each persona has the opposite gender
with height difference to emphasize the accessibility issues that might occur due to physical
differences, such as the difference in height reach and sight.

Ms. Tyra, the closed-fist persona, and Mr. Charles, the opened-palm persona, are the
archetypal and atypical personas for the spinal cord users, respectively. The closed-fist
type of disabled user is addressed in the ADA checklist [8], while the opened-palm type
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of user is not; the opened-palm user is often not considered. Thus, we defined Tyra, the
closed-fist persona, as the archetypal persona for spinal cord impaired users.

As shown in Figure A5, Ms. Tyra is short in height, and sitting in a wheelchair makes
her shorter and therefore less able to perceive items or appliance compartments located
above her eye level, without extending her neck. Her hands are stiffened in the shape of a
fist, requiring wider clearance for her whole fist to go through when she tries to operate an
appliance in particular. Also, her fist does not allow her to precisely control a button or
touch type interface, resulting in unintentional activation. She prefers to have an appliance
that allows her to utilize both of her hands since it is not easy to grasp or hook her fist
through a handle, especially by one hand.

Mr. Charles from Figure A6 is comparably taller than Tyra, making it harder for him
to perceive or reach items located on a floor. A longer arm may allow him to reach further
and higher, but his thicker body requires larger clearance than Tyra. Moreover, his hands
stiffened in the shape of an opened palm, requiring longer and deeper clearance to operate
an appliance. Moreover, his fingers are more vulnerable to being jammed.

4.1.4. Elderly Personas

Both elderly personas share many characteristics and issues with other user groups.
For example, their diminished sensation correlates with the disabled sensation of visually
impaired and hearing-impaired users. Furthermore, their diminished physical capability
correlates with that of spinal-cord impaired users. However, certain points make elderlies
distinctive from the other groups. The expertise and experience in household work mainly
segregate the elderly personas into two: grandmother persona and grandfather persona.
Although the grandmother persona may be weaker in strength and shorter in reach and
height, she is more experienced with the household work, so she can operate most of the
appliances as long as they work in a fashion familiar to her. On the other hand, the grand-
father persona is physically taller and stronger, yet his knowledge of the household is far
behind that of the grandmother persona. Both personas struggle from diminished abilities
to see, hear, and move at a low level [35,46-48], and they prefer dials and buttons to touch
screens since they are not familiar with the new technologies like ICT devices [21,22,49-51].

Mrs. Pauline from Figure A7 is the grandma persona representing the archetypal
elderly user. She is comparably shorter in reach and height, and she is weaker in strength.
She also suffers from light dementia [51]; she keeps forgetting what she was doing. More-
over, the prevalent neologisms throughout the control panel of home appliances makes it
harder for her to memorize their functions.

Mr. Donald is the grandpa persona representing the atypical elderly users, shown in
Figure A8. He is comparably taller and stronger than Mrs. Pauline, but weaker than the
younger users; he can be categorized as a “fit older person” from a previous study [51].
He suffers from hearing loss along with his diminished vision; he tends to miss both
visual and auditory alarms. It has been a long time since he did household work, and the
modern home appliances evolved so much, making him re-learn everything. Although
men participate more in household works these days [52], a study from two decades
ago [53] confirmed that men are less participatory in household work, and Mr. Donald
surely is from such an era. Moreover, this was verified in the interview, revealing their
comparably lower expertise in household work than their female counterparts.

4.2. Accessibility Issues from Personas

There are various accessibility issues across eight personas; some share the same
issues, while some have unique issues. There are at least two common issues and two
persona-specific issues provided within each user group. The summarized accessibility
issues are as shown in Figure 6. More specific accessibility issues are given in persona cards
(see Appendix A).
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Figure 6. Accessibility issues of Personas-common and persona-specific.

As we scrutinize the issues of each persona to categorize them, there was a need
to expand the five accessibility issues in the following seven terms: (1) discovery, (2)
learning/problem-solving, (3) feedback/status-check, (4) reaching/posture, (5) grasp-
ing/control, (6) moving/lifting, and (7) safety. We used these seven terms representing
the accessibility context-of-use shown in Figure 7 to categorize the accessibility issues.
Their names are more task- and context-oriented and self-explanatory than those of IEC

63008 tasks.
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Figure 7. Seven categories of accessibility context-of-use expanded from the five tasks in IEC 63008.

Firstly, we have three informational accessibility terms: discovery, learning/problem-
solving, and feedback/status-check. Discovery is equivalent to that of perceive; it repre-
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sents the searching task for information and product compartment of interest via sensory
channels. The learning/problem-solving took a partial definition of recognize, and it
is dedicated to the comprehension and planning for consequential tasks. Finally, the
feedback/status-check is mostly equivalent to the monitoring task, yet it also partially
borrows a definition from recognize to represent the identification task. Simplifying,
we segregated the “recognize” task into two, merging one part and keeping the other
independent.

For the physical accessibility terms, we have reaching/posture, grasping/control,
and moving/lifting. Reaching/posture is equivalent to that of reach task. However, the
positioning and grasping part of the reach task was taken apart from it and was merged
with a part of the operate task, resulting in grasping/control. This required segregation
because the reach issue and grasping/control issue could be investigated independently.
Finally, the operate task was segregated into two; grasping/control and moving/lifting.
The former part is merged with reach to become grasping/control as mentioned, and
the latter stayed independent as moving/lifting. The operate task was a broad term that
represented any arbitrary physical movement to achieve a user’s goal. The segregation
into control and movement could clarify the behavioral differences.

Finally, we added the term “safety”, which was originally not included in the IEC
63008 tasks. There is a risk from heat since the users have to deal with the heat when using
home appliances such as cooktops, ovens, and microwaves. Moreover, due to the slower
reaction time of our target users, acuminate edges of moving parts may cause a safety issue
as well. The safety term may seem to overlap with other terms since it occurs while a user
performs an interaction related to the rest of the six contexts of use. However, the result
is related to the safety of the user, whereas the results of other issues are related to the
completion of a task. Therefore, the term safety is worth adding.

Based on these seven terms and relevant accessibility issues investigated, a list of
checkpoints for accessibility issues in the home appliance context is given in Appendix B.

4.2.1. Common Issues Across the Personas

There were common issues found across the archetypal and atypical personas when
using home appliances. There are a total of four accessibility issues related to the discov-
ery and feedback/status-check, two accessibility issues related to reaching/posture and
moving/lifting, one issue relevant to grasping/control and safety, and finally, one safety
issue. There was no learning/problem-solving context across the common issues across
the personas.

The discovery issue combined with the feedback issue is mostly related to the usage
phase, where a user tries to find controls and operate them. Visually impaired personas
can unintentionally activate the control parts as they swipe over a control panel [54-56].
Furthermore, this issue may occur more frequently because more modern appliances are
equipped with touch screen interfaces [54,55]. However, an accessibility support feature
with a voice assistant like a smartphone [54,56,57] can solve this issue by providing a
unique strategy of separating the navigation and performance [58].

On the other hand, the information presented in a larger size, higher contrast, and
given with multi-channel sensory methods [10,12,59] can be greatly appreciated by both
the hearing-impaired personas and elderly personas with diminished sensation. Moreover,
especially for the hearing impaired, it may be beneficial to provide tactile feedback with a
wearable device when they need noticeable feedback at a far distance from home appliances.
The wearables are always in contact with a user [60,61], unlike a smartphone sitting on
a counter or a table [62,63]. Tactile feedback can draw their attention much quicker and
efficiently [64]. This solution can also be in the same domain of solution for visually
impaired personas.

In terms of physical accessibility issues, both the spinal-cord-impaired and elderly
personas have difficulties in reaching/posture and moving/lifting context. The main
reasons for this issue are the awkward posture created by the parallel approach [8] taken by
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the spinal-cord-impaired personas and diminished physical capability of elderly personas.
Moreover, both the spinal-cord-impaired and elderly personas are comparably slower in
reaction time or longer control time—the grasping/control issue. The spinal-cord-impaired
personas have stiffened hands, and accordingly, it is challenging for them to grasp or
precisely maneuver a control device [65-68].

Finally, there was a safety issue found across both visually impaired personas. They
encounter re-loading/re-allocation issues during the mid-usage phase under the home
appliance context. Specifically, a user interacts with heated utensils or appliances without
noticing which part is hot or not. Both blind and low-vision personas cannot utilize their
hands to explore and allocate a cooker inside a heated home appliance. One of the interview
participants said, “I can wear mitten, but the sensitivity of my fingertip becomes dull.” Such
an issue hinders the users from successfully following a cooking recipe and discourages
them from using the appliance.

4.2.2. Persona-Specific Issues

Four out of eight persona-specific issues were related to the learning /problem-solving
context. These issues may seem alike. However, they were different in terms of the
aforementioned criteria: (1) the differences in the level of utilization of disabled /diminished
parts, (2) physical differences, and (3) differences in experience and attitude regarding the
use of home appliances. The learning/problem-solving issue is a severe problem in terms
of autonomy because it requires not only the use of an assistive device but also help from
others. In other words, a solution to this issue can drastically enhance the autonomy of the
elderly and disabled users.

Reading a manual is problematic when the blind persona—Ms. Suzy—wants to learn
about the appliances. Most manufacturers these days provide an electronic copy of manuals
so that visually impaired people can read them via their screen readers. However, many of
them miss providing tags of explanation for figures in manuals. Screen readers cannot read
something that is not textified, and the readers are not compatible with manifold pictorial
figures to read them like a text [54]. Moreover, manuals are simplified in terms of text, not
providing enough information for the blind persona when they cannot refer to pictorial
figures. Therefore manufacturers must provide screen-reader-compatible manuals.

On the other hand, Ms. Michelle, the deaf persona, encounters difficulties in problem-
solving when an error occurs. Error codes are mostly in incomprehensible form, and
manuals are useless because they are written in a verbose and untranslatable manner for
sign language users. When an error that cannot be solved by a user alone occurs, the user
will feel frustrated and discouraged from using the product. Such an issue can frequently
occur as there can be unintentional activation from a deaf user who cannot hear feedback
from what one activated. Eventually, this can cause an error or error-like incomprehensible
state of an appliance. Michelle cannot ask for help from a customer service agent since she
cannot make a phone call [24,69]-verbally. When an error that cannot be solved by a user
alone occurs, the user will feel frustrated and discouraged from using the product. Such
an issue can frequently occur because there can be unintentional activation from a deaf
user who cannot hear feedback from what one activated. Eventually, this will cause an
error or error-like incomprehensible state of an appliance. In response, a manufacturer can
implement QR codes on their appliances for sign-language-compatible video manuals if
they cannot afford to have a sign language translator in their customer service department
24/7.

For the elderly personas, it is challenging for Mrs. Pauline to adopt a new technology
or learn about it. This is not only due to the fear of using an ICT device [21,22] but the
light dementia she suffers as well. Such memory loss combined with incomprehensible
neologism used in modern appliances makes it harder for her to memorize all the function
names written in the control panel of home appliances. She is therefore restricted to use the
one function that she frequently uses. Furthermore, she tends to forget about the household
works she was doing due to light dementia [51], so she is also exposed to possible risk and
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repetitive work; mild color coding on controls and timers with alarm for safe use can help
her [10,12,59].

On the other hand, Mr. Donald also suffers from learning home appliances but for a
different reason. He has comparably short experience of doing household work or using
home appliances. It is cumbersome to know which part corresponds to a specific feature or
function since he is not familiar with products and their structures. However, his obstinate
personality does not allow him to ask for help from others. Nevertheless, his diminished
visual and hearing capability hinders him from proceeding with the task without a doubt.
He is simply a novice user; the appliances must be more intuitive and self-explanatory.

The persona-specific issue under the feedback/status-check is assigned to Ms. Elaine,
the cochlear-implemented persona. A hearing-impaired person with a cochlear implemen-
tation does rely on auditory information similar to how a low-vision person also dependent
on visual information. The cochlear implant is optimized for the vocal domain frequency
range, which is narrower than that of music or melody [70-72]. Many home appliances
implement non-verbal auditory-feedback, which have a frequency domain beyond the
optimized domain of a cochlear implant, resulting in an incompatible frequency range for
Ms. Elaine. Therefore, home appliances with auditory feedback should allow such users to
customize the frequencies of feedback alarms at their preference, in other words, at their
perceivable range.

For the reaching/posture and grasping/control issues, both the spinal-cord-impaired
personas have dedicated clearance issues. These two personas require two different design
approaches, though both the issues point toward the clearance issues. Therefore, they are
sorted as persona-specific issues. The closed-fist persona (Ms. Tyra) has difficulties in
pushing through a button that is flushed to the surface of an appliance when the button
clearance is narrower than the size of her fists. In this case, Tyra cannot fully push the
button to activate an operable part. Furthermore, most of the handles—even the protruding
bar type—do not provide enough clearance for her fist. Therefore, Tyra—the closed-fist
type—requires a clearance design based on her fist circumference unless she can hook her
wrist on an operable without her fist interfering.

On the other hand, for the opened-palm persona (Mr. Charles), it may seem more
accessible to achieve operation in comparison to Tyra’s case. The clearance design for him
is based on his fingers or hand blade size, which are comparably smaller or thinner than
the fist circumferences. However, his fingers can be unintentionally hooked into a groove,
which eventually hinders his intended movement or action. The fingers of Charles will
prevent doors from opening like a hinge lock. The gap between the two handles should be
wider than his finger length or hand length.

Lastly, there is a safety issue for the low-vision persona. A previous study [73] and the
observation we conducted demonstrated that the lower-vision users have shorter viewing
distances than those of normally sighted users, meaning they have a closer distance to
interact with devices. Under the home appliance context, this means they are in close
contact with possible risks such as heat and abruptly moving parts—especially when
considering unintentional activation is one of the other issues they have.

5. Conclusions

This study aims to investigate accessibility issues under the context of home appli-
ance usages for the target user groups: visually impaired, hearing impaired, spinal cord
impaired, and elderly users. Consequently, we reformed the data collected from the FGI
and observation into eight different personas to help stakeholders deeply comprehend
and empathize with their users, instead of letting them proceed with stereotypical mis-
conceptions of their target users. Any stakeholders who have not contacted their users
with disabilities can have stereotypical misconceptions about their users. They might
impetuously conclude that a person with visual impairment will need braille, that a person
with hearing impairment can read instead if not heard, that people with a spinal cord
impairment only need knee clearance for their wheelchairs, and that elderly people are
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not active in household work. In addition, designers and manufacturers tend to think of
direct resolution under the engineer’s perspectives [74] before they adequately scrutinize
and define the problem at a deeper level to investigate the actual needs. When the target
users are disabled or elderly users whom they do not yet understand, the situation only
gets worse. Therefore, this study aims to deliver personas of disabled and elderly users
so that the stakeholders not only overcome the difficulties in recruitment but also derive
resolutions with clarified and well-defined accessibility problems.

Surely, this study result does not mean that real user involvement is unnecessary when
personas are created. However, personas can play a role as a cognitive guideline before
conducting a user study on a vulnerable population from scratch. The persona can be used
in not only the early stage of product development but also in the later stage, as a scenario
of using a newly developed product can be evaluated based on the personas. Personas help
manufacturers to narrow down, specify, and define issues with their target users, which
would allow them to conduct more efficient and effective user studies. Again, the persona
is a user research method for problem definition. Problem definition is more critical to
develop an innovative product than solution generation because a well-defined problem
can lead to clear solutions [75] throughout the overall product development process.

Although Schulz and Fuglerud [35] recommended creating personas for disabilities,
a study from Goodman [18] pointed out that the focus on stereotypical users can make it
hard to communicate detailed information about the range of abilities within a population;
thus, personas may provide a limited amount of information only. However, this study
provided two types of personas for each user group of disabilities and elderlies to represent
the range of abilities within each user population. Each persona spoke of themselves; who
they are, how they interact with home appliances, and what they need across all the usage
phases from pre-usage to maintenance. There were various accessibility issues, which
were both expected and unexpected within their first mile to last mile of usage. Moreover,
under the context of home appliance usage, we believe these personas create social links
and rapport for stakeholders to empathize with the personas as individuals of a family or
neighbors sharing the same life routines—using the same types of home appliances but
with difficulties—since the home appliances are the everyday product.

It is undeniable that home appliances are everyday products in general since we use
home appliances on a daily basis: to cook, to keep our food being stored, to wash our
clothes, and so on. However, are home appliances really the “everyday product” for the
disabled and elderly population as well? According to ISO 20282-1 [76], the definition of an
everyday product is a consumer product or walk-up-and-use product designed for use by
members of the general public. Unless the term “general public” is to discriminate against
the disabled or elderly population, a simple statement like “home appliances are everyday
products” must remain true for the disabled users as well; however, this is not presently
the case. To design a home appliance that is truly an everyday product, manufacturers and
designers are responsible for considering the disabled population in their mind throughout
product development; this needs more attention from manufacturers.

Existing studies confirmed that there is a large population of interest for investment
from stakeholders. The lack of accessible products for disabled users provides an op-
portunity for stakeholders like manufacturers and designers to seize a large number of
customers whom their competitors missed out on, leading to profitable ventures. The
disabled population will be loyal to products whose design considers their needs and
frustrations, especially when they can reclaim and appreciate the benefits they have been
missing. Hence, it will be a blue ocean for stakeholders to expand their market shares [77].
Stakeholders can benefit from studying disabled users to obtain latent user needs and
product innovation when they consider disabled users as lead users [62,78,79]. Overall,
there are adequate reasons for stakeholders to study disabled users.

There are two limitations of this study in terms of implication. Firstly, the personas
we created may be applicable to represent the users who have had their disability for the
long term. This study asked the participants whether their disabilities are acquired or
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congenital. However, the difference was the key factor in neither persona segregation nor
the accessibility issue. This may imply that the participants who acquired their disability
would have been in the same condition for a long time. On the other hand, the users who
newly acquired a disability may have different accessibility issues when compared to users
with long-term or congenital disabilities. Unfortunately, the data on impairment duration
was not collected in this study; therefore, such a difference could not be investigated.
However, such segregation, on top of the archetypal and atypical segregation made in
this study would have created too many personas, which is not manageable. Still, we
highly recommend investigating meaningful insights on the behavioral differences and
consequent differences in accessibility issues within the same user group in a future study.

Secondly, the personas created for this study may be applicable in the domain of
home appliance design. This is because any persona created has its dedicated purpose and
context-of-use; therefore, its application can be limited in a certain context. However, in
a future study, we believe it is possible to recycle the personas—especially the persona
skeletons—created in this study, by implementing proper task analysis with representative
tasks such as the five assessment tasks of IEC 63008. Although previous studies stated
that it is not recommended to recycle personas in order to engage stakeholders to know
and to empathize with the personas [35,80], a persona with fixed characteristics must be
able to interact with multiple products, just like a real user whose characteristics remain
constant interacts with multiple products if a persona truly represents a potential real-user.
We believe that a persona correspondingly provides new insights or problematic issues
in various contexts confirms that the persona really represents the real user, and it can be
reused or recycled for other contexts of use and product usage cases. Furthermore, it can
be more valuable to recycle the personas of disabled users created in this study as either
skeletons of personas or ad hoc personas to start with for other contexts of use or projects,
since the stakeholders will encounter the recruitment issue whenever they try to conduct
new user research.
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Appendix A

Suzy
Visually

Her ears and fingertips let her explore and know the world.
A clear tactile landmark and voice assistant can tell her “What is happening”

Suzy is a mother of two children.

Impaired

Quotations
@ Closed Eyes  “Do | have to remember

every controls-?"

“Manuals are useless
with figures given“-"

“Can’ t you just speak?”

“Where are the buttons-+?"
“Oops, | must have activated

Swipe to find

Something+"
and to read 8

“I swipe to find!”

Age 46

Accessibility Issues

1. Separation of navigation & execution{Unintentional activation)
In comparison to the non-visually impaired users whose operation or execution task
is performed as a finger or hand of touches the screen after or at the same time
visual exploration is done, visually impaired users need to touch the screen at first.

to explore the screen @ ff,  Feedback/
Discovery M~ status Check

[

Relocation over the heat (Exposure to heat)
With the cooking appliances where a user have to interact with heated devices, Suzy
cannot utilized their hands to explore and allocate a cooker onto/into the appliance.

Mittens make her finger tips dull.
Safety "
_ Learning/

3. Sereen-reader comparibility Problem Solving
pdffile like the electronic manuals may be readable by screen reader. but it cannot
read pictures and figures. Tags are required to explain each non-text items.

Gender Female
Type Blind
Assistive Device Screen reader

Family Member Spouseand kid

Task Barrier/ Goals Frustration Needs
« Difficultto find and distinguish « Salient tactile cues
Actionables & Controls *+ Status information
* Difficultto know current status * Simple & effective controls
* Vulnerable to burns * Isolation of dangerous factors

Figure A1l. Persona card of Suzy, the blind persona.

Jenny

Jenny lives with her husband and pet(seeing-eye-dog).
The world becomes less blur as she go really closer.

Visually

A clear visual contrast and voice assistant can tell her “What is happening™

Impaired
O\ Close distance

to see

Quotations

“Oh' light, | go closer--"

“what-- is it written?”
“Can’t distinguish letters

g from background-++"
Sound-seeing 9

Ears “Speak please!”

“Brailles? Can’t
read them”

“I swipe to find!”

Accessibility Issues

1. Separation of navigation & execution(Unintentional activation)
In comparison to the non-visually impaired users whose operation or execution task
is performed as a finger or hand of touches the screen after orat the same time
visual exploration is done. visually impaired users need to touch the screen at first,
to explore the screen <@ Discovery ol Feedback/

Status Check
2. Relocation over the heat (Exposure to heat)
With the cooking appliances where a user have to interact with heated devices.
Jenny cannot utilized their hands to explore and allocate a cooker onto/into the
li . Mitt her finger tij 1.
appliance. Mittens make her finger tips dul @ —
s:
3. Close distance with risk ey
Jenny goes closer to any home appliances to see better. Acute door edge. fire from
gas stove. hot foods are risky in close distance

Age 35 Task Barrier/ Goals Frustration Needs
Gender Female :
@ Perceive * Can't see low contrast displays * High contrasting letters and colors
Type Low-vision . g + Can't distinguish controls + Distinguishable control and shape
o i . Recognize
Assistive Device Screen reader, magnifier + Difficultto know current status « Intuitive status alarm

@ Monitoring

Family Member Spouse, Dog

+ Close interaction distance is scary  « Safety guard/protection

Figure A2. Persona card of Jenny, the low-vision persona.
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Michelle
Hearing
Impaired

36

Female
Type Deaf
Assistive Device

Family Member Spouse

Attention drawn
Visually

Can't hear
Can't speak

Smartphone

Michelle’s attention is easily drawn by strong twinkling lights. But the world behind her is silent and calm.
What else draws her attention? She loves simple things!
Ob, she doesn’tlike reading manuals. (but she speaks “manually™)

Quotations

“Twinkle Twinkle”

“far alarms, good!”

“What it mean---?"
“Too Complex! why?”

“
| no-no know manuals--*

. “Call*Customer Service?”
,@ Sign-Language “HOW??"

“Touched? No?”

Task Barrier/ Goals

" Michelle cannot see it if she is away from the appliance. She needs a support from

Accessibility Issues

1. Visual feedback
Strong visual feedback draws Michelle's attention. However. most home
appliances beep or give melody. They have such a small LEDs

fof,  Feedback/
A" Sstatus Check

N

. Far distance notification
No matter how strong or dynamic the visual alarm is coming from a home appliance,

3 product like a smart watch. In this case. @ Discovery

3. Problem solving (Customer service)
Michelle's language is sign language. Most customer service center can be

connected via phones. which is not compatible with her language,
. Learning/
Problem Solving

Frustration Needs

@ Monitoring

¢ Can't receive alarm from distance ¢ Far distance alarm solution

* No clear visual information + Strong visual alarm
* Complex Vocabulary * Simple Vocabulary
* Difficult to recover from error * Intuitive Status

Figure A3. Persona card of Michelle, the deaf persona.

Elaine
Hearing

Gender Female
Type
Assistive Device

Family Member

Eyes looking for
everything

More Channel
Better Sound

Unsure of
operation status

Cochlear Implemented
Cochlear Implant

Spouse, Baby

Just like how everyone has different voice, appliances have different frequencies and tones.

Elaine’s digital channels delivers her clearer sound.

The voices of appliances should fit into her channels!

Quotations

“Aren’ t there any visual alarms

seen at distance?”

“Such a low contrast on
Background and letters:"

“Huh-+*? Wait-+ let me set up
the frequencies: "

“I think | heard a beep?”

“Haptic is so good”

Task Barrier/ Goals

Accessibility Issues

1. Visual feedback
Strong visual feedback draws Elaine’s attention. However, most home appliances

beep or give melody. They have sucha small LEDs , ;. Freedbacks/
&° siatus check

2. Far distance notification
No matter how strong or dynamic the visual alarm is coming from a home appliance,
Elaine cannot see it if she is away from the appliance. She needs a support from 3
product like a smart watch. Inthis case. <@ Discovery

3. Incompatible frequency range (perceiving musical elements)
Elamne's digital ear, cochlear implant 1s optimized for the frequency domam
of human vocals. Most home appliances beep or give melody. which is beyond

the domain of vocal frequency. figf,  Feedback/
& status Check

Frustration Needs

* Can’t receive alarm from distance  * Far distance alarm solution

* Not confident on controls * Strong visual alarm
« Can’t hear certain frequencies «  Multi-frequency alarm
* Hard to recover from errors * Intuitive Status

Figure A4. Persona card of Elaine, the cochlear-implemented persona.
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Tg ra Tyra is a passionate young lady, who'd rather confront a problem imstead of stepping aside.
S o I C d However, when she confronts an appliance,
pl na 0r she eventually steps aside and use 1t with awkward posture (parallel approach)
[ ired
mpaire Quotations  Accessibility Issues
Short to see 1. Parallel approach (one hand use-only)
things higher My neck hurts seeing Parallel approach may resolve some reach & clearance issues but it forces
things above my eye level-" Tyra to use one hand only. When she cannot tightly grasp, it can be
challenging for her to load and unload heavy kitchen utensils Reaching/
Moving/ Posture
1 “I want to use both hands--" Lifting

| hear you but
Can't reach you “Can’ t it come down for me”

“Arghr++ my fist wont go inee”
Wider

Clearance “The button is too small!”

Age 25

Slow reaction time (precise control)

Tyra takes long time to control. Her stiffened fist makes it challenging for her to

grasp or precisely maneuver a control device. When she has to turn down or off

something quickly, she may be too slow to prevent dangerous situation
Reaching/

. % Grasping/
Clearance for fist Posture Control
She has difficulties in pushing through a button that is flushed to the surface of an
appliance when the button clearance is narrower than the size of her fists. Tyra
cannot fully push the button to activate an operable part.

Safety

Gender Female
Type Closed fist
Assistive Device Wheelchair

Family Member Parents, Sister

Task Barrier/ Goals Frustration Needs
@ Reach * Inadequate clearances « Adequate clearance
¢ Limited visual field * Appropriate Size, Spacing, and

* (Can’t operate with fist force required for controls

* Low tactile sensation * Easy and effective controls

Figure A5. Persona card of Tyra, the closed-fist persona.

Charles
Spinal Cord @

Charles loves it when the clearance items get delivered — clearance items as the products with adequate clearance.
His large hand and tall body require more clearance. No clearance, no reach.
Instead of him reaching out, what if they come at him? There'd be nothing more he would wish. ..

Impaired Quotations

Limited lower “Can See, Can’t Reach”

Field-of-view

“I hear it

But can't go=+”
| hear you

Can't reachyou .
Yo, Come over here,

“My hand can’t go in-+"

Accessibility Issues

.

Parallel approach (one hand use-only)

Parallel approach may resolve some reach & clearance issues but it forces

Charles to use one hand only. When he cannot tightly grasp, it can be

challenging for him to load and unload laundry IE Moving/ '._n“ ching/
Lifting Posture

Slow reaction time (precise control)

Charles takes long time to control. His stiffened hand makes it challenging for him

to grasp or precisely maneuver a control device. When he has to turn down or off

something quickly. he may be too slow to prevent dangerous situation

Grasping/

Control Sabuty

Clearance for a full hand

He has difficulties in opening doors. His fingers can be unintentionally hooked into

a certain groove, which hinders his intended movement or action. Grasping/
Control

Frustration

Needs

Longer “I place them between my fingers"
Clearance  “I turn them like this!”
Age 39 Task Barrier/ Goals
Gender Male @ Reach
Type OpenedPalm
- . . @ Operate
Assistive Device Wheelchair
Family Member Spouse @ Monitoring

* Inadequate clearances
* Adequate clearance
* Limited visual field
* Operables requiring low strength
+ Can’t perform micro controls
« Self-error recovering device
* Slow reaction time

Figure A6. Persona card of Charles, the opened-palm persona.
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Pauline

Magnifier
@ to see

7 Hear
9 Feedback
(sometimes)

(% Repetitive

works

Though she is short and bodies ache these days, she believes that she knows how to use all appliance out there.

Pauline considers herself a professional household worker.

Until she met a speaking product, which frightened her!

Quotations

Accessibility Issues

1. Diminished sensation
Pauline cannot see and hear well. Larger font and icons, high-contrast colors, and
louder alarm would help her perceive and recognize things better {@> Discovery
feof.  Foedback/
2. Diminished physical capability (repetitive posture changes) Status Chech
Many home appliances require repetitive loading and unloading. which lead to
awkward postures in repetition. Pauline’s old joints screams when she bends. squat
and stretches excessively. '-l- Reaching/
Posture
3. Learning & memorization
Pauline doesn’t want to learn about new technologies: they are rather scary. Even if
she learns, it not easy to remember the next day. First ofall, why does it make her
learn? Why isn’t it designed intuitively? N Learning/
Problem Solving

70
+ Small font, small sound can’t be *  Visibility/Audibility
Female
. R recognized « Easy control/display and
Elderlies + Dementia
* Complex words for new functions explanation
Magnifier " .
g * Short body & Low strength * Design considering anthropometry
Spouse + Dementia * Various alarms
Figure A7. Persona card of Pauline, the grandma persona.
Donald Donald, after retirement, spends more time at home. All the household work used to be Pauline’s, but not anymore.
He bought new appliances to lessen the burden. He has never seen this kind and manuals don’t help.
He really meant to say, “old things are better”
. oLl
Quotations Accessibility Issues
Diminished 1. Diminished sensation
Vision Donald cannot see and hear well, he even wears hearing aid. Larger font and icons,
high-contrast colors. and louder alarm would help him perceive and recognize
things better &> iscovery ”": ::::::"’
N\ 5 B ; g
: 2. Diminished physical capability (strength)
Hearing . 2 : :
@ id Donald sometimes have hard time pushing a button. Gas stove grills became quite
Ai heavy to clean these days somehow. Such things make him think of having a touch
button and induction stove % Grasping/ Moving/
Control Lifting
M 3. Learning & memorization
Strong Donald has very short experience of doing house work or using home appliances.
(Used to be) It is cumbersome to learn all the machines and fungtions because everything seems
to be hidden in new machines! -(1)- Leaming/
Problem Solving
73
* Small font, small sound can't be
Male
. . recognized « Visibility/Audibility
Elderlies + hearing loss
* New functions not familiar + Easy manuals
Glasses, Hearing Aid * Need explanation on operation * Intuitive for novice users
Spouse (novice user)

Figure A8. Persona card of Donald, the grandpa persona.
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Appendix B

Table A1. Accessibility checkpoints for the home appliance context.

Accessibility Context-of-Use

Checkpoints

Discovery

Can one successfully search for a target or
perceive relevant information at any point?
Can one successfully activate a target
function or control without

accidentally /unintentionally activating the
other surrounding components?

Informational
Accessibility

Learning/Problem
Solving

Can one successfully learn or solve errors
without the help of others or an assistive
device?

Can one easily access the help (customer
center, manuals) that is compatible with
one’s conditions?

Feedback/Status
Check

Can one successfully distinguish a target
from its surroundings?

Can one successfully understand the
current status from feedbacks by any
means?

Reaching/Posture

Can one reach a target without an awkward
posture?

Can one reach a target without its
surroundings interfering?

Physical

Accessibility Grasping/Control

Can one successfully maneuver a control?
Can one utilize a contact grip (no grasp)
instead of grasping?

Moving/Lifting

Can one lift or move a target to the desired
location without excessive force?

Can one allocate a target without the need
for a precise maneuver?

Safety

Can one be isolated from acuminate edge
or heat while using a home appliance?
Any safety or automatic error-proof feature
built for user’s safety?

Note 1: All these checkpoints must be checked with visually impaired, hearing-impaired,
spinal-cord-impaired, and elderly users.
Note 2: All these checkpoints must be checked throughout all phases of usage: pre-usage, usage,
mid-usage, post-usage, and maintenance.
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