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Abstract

Background: The older population needs solutionsfor independent living and reducing the burden on caregiverswhile maintaining
the quality and dignity of life.

Objective: The aim of this study was to design, develop, and evaluate an older adult health care app that supports trained
caregivers (ie, formal caregivers) and relatives (ie, informal caregivers). We aimed to identify the factorsthat affect user acceptance
of interfaces depending on the user’srole.

Methods: We designed and devel oped an app with 3 user interfaces that enable remote sensing of an older adult’sdaily activities
and behaviors. We conducted user evaluations (N=25) with older adults and their formal and informal caregivers to obtain an
overall impression of the health care monitoring app in terms of user experience and usability. In our design study, the participants
had firsthand experience with our app, followed by a questionnaire and individual interview to express their opinions on the app.
Through the interview, we also identified their views on each user interface and interaction modality to identify the relationship
between the user’s role and their acceptance of a particular interface. The questionnaire answers were statistically analyzed, and
we coded theinterview answers based on keywords rel ated to a participant’s experience, for example, ease of use and usefulness.

Results: We obtained overall positive resultsin the user evaluation of our app regarding key aspects such as efficiency, perspicuity,
dependability, stimulation, and novelty, with an average between 1.74 (SD 1.02) and 2.18 (SD 0.93) on a scale of -3.0 to 3.0.
The overall impression of our app was favorable, and we identified that “simple” and “intuitive” were the main factors affecting
older adults and caregivers preferencefor the user interface and interaction modality. We al so identified a positive user acceptance
of the use of augmented reality by 91% (10/11) of the older adults to shareinformation with their formal and informal caregivers.

Conclusions: To address the need for a study to evaluate the user experience and user acceptance by older adults as well as
both formal and informal caregiversregarding the user interfaces with multimodal interaction in the context of health monitoring,
we designed, devel oped, and conducted user evaluations with the target user groups. Our results through this design study show
important implications for designing future health monitoring apps with multiple interaction modalities and intuitive user interfaces
in the older adult health care domain.

(IMIR Hum Factors 2023;10:e42145) doi: 10.2196/42145
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Introduction

Background

According to a United Nations report, the number of people
aged =65 yearsin 2020 was approximately 727 million, which
is expected to increase to 1.5 billion by 2050 [1]. As the
proportion of older adultsincreases, the demand for older adult
careservicesincreases[2,3]. Inparticular, older adultswho live
independently require care because of physical and mental hedlth
vulnerabilities such asphysical constraints, poverty, loneliness,
and depression [1]. Their relativeswho live independently have
difficulty visiting them every day because of distance and time
issues. Therefore, older adult care services to improve life
satisfaction are necessary. However, the burden on caregivers
and relatives keeps growing owing to the aging and increasein
the older adult population. According to the American
Association of Retired Persons and National Alliance for
Caregiving report in 2020 [3], 18% of caregivers covered
multiple peoplein 2015. Thisratio increased by 6% over 5years
to 24%. In addition, 54% of caregivers were aged >50 years,
and 21% of family caregivers (ie, relatives) reported that
caregiving had worsened their health. This phenomenon has
worsened because of the pandemic [4,5]. In this context, the
necessity of assistive technology to support relatives and
caregiversin reducing their burden has continuously grown.

To support caregivers and relatives, the latest statusinformation
of an older adult can be provided by an Internet of Things
(loT)—based system. |oT is a technology widely used for
collecting data about a person and their environment to enable
the system to understand the information of their context.

For example, asensor attached to a human body could work as
a heart rate monitor [6], and in another case, a sensor can read
air quality pollutants to work as an air quality sensor [7]. As
data need an interface to be delivered to a user, efficient data
delivery is as essentia as data collection. Augmented reality
(AR) drawsinterest from researchers asatechnol ogy that could
enhance user engagement [8] and enrich data presentation for
better accessibility [9]. The properties of both technologies are
attractive; hence, research to improve the meritsof 1oT and AR
has been conducted by combining them since those 2
technologies gained attention [10-12].

There is a need for more research on loT platform—based AR
apps, especially regarding users perception of an app’s user
interfaces (Uls) and acceptance of the technologies used in the
context of health monitoring of an older adult by caregiversand
relatives. For example, in the Internet of Things within health
and care (iVO) project [13], older adults' activities are sensed
by 10T devices, and anomalous events are reported to their
relatives via SMS text message [14]. However, efficiently
conveying comprehensive information about an older adult’s
state to their relatives and caregivers could be done with
well-designed Ulsrather than SM'S text messaging services. In
this case, the user experience of the app and user acceptance of
the app’s Ul with the technologies used should be analyzed
based on the user’s role to understand the effectiveness factor.
Furthermore, AR is useful for visualizing data. Hadj Sassi and
Chaari Fourati [15] showed that displaying real-world data on
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a 3D AR map identical to the real world is beneficial in
understanding the data. However, their user evaluation focused
on UISs usability related to performing a task and generic user
experience. On top of the user experience evaluation, anin-depth
analysisof user acceptance regarding interaction modalitiesand
data presentation designs depending on the users’ characteristics
(eg, age, gender, and experience) is needed.

Regarding user acceptance, the definition varies based on the
purpose of use [16]. Technology acceptance model, devel oped
by Davis[17] isawidely used approach to measure acceptance
[16], and it proposes that user acceptance is determined 2
factors: “perceived usefulness’ and “perceived ease of use”
[17]. “Perceived usefulness’ means a user’s perception of the
technology, whether it is helpful for their task. “ Perceived ease
of use” isauser’sfeeling of how easy it isto use the technology.
These 2 factors influence a user’s belief about the technol ogy,
which determines acceptance and use[17]. In addition, auser’s
characteristics, such as age, gender, experience, and
voluntariness of use, can affect their perception of the
technology and, hence, influence user acceptance [18]. In our
study, we used the definition of user acceptance by Dillon and
Morris[19]: “the demonstrable willingnesswithin auser group
to employ information technology for the tasks it is designed
to support.” On the basis of this definition, we examined the
reason for preference by usersin termsof “ perceived usefulness”
and “perceived ease of use’ depending on their characteristics,
especialy ontheir role (eg, caregiver, relative, and older adult),
from user evaluations to demonstrate a user’s willingness and,
thus, the user acceptance regarding interaction modalities and
data presentation designs.

Objectives

Our design study aimed to conduct user evaluations on both the
app and its 3 different Uls designed for caregivers, relatives,
and older adults to identify the app’s user experience and the
factorsthat affect user acceptance of each Ul depending on their
characteristics, especialy onthe participants' role. In this study,
we grouped caregivers and relatives into 1 category,
“caregivers,” and separated them based on whether they had
training experience in heath care services as experts.
Accordingly, relatives were labeled as “informal caregivers,”
whereas other trained experts were grouped as “formal
caregivers.” By understanding the relationship between auser’'s
role and Ul, we can adapt the Ul designs to efficiently inform
of an older adult’s state. Each Ul has a different concept. For
example, one Ul is designed on atile-based template, whereas
another Ul usesa 3D map to present datawithinitsvirtual space.
Thelast Ul overlays AR contents around a user’s face, and the
data are delivered through AR contents. Although the 3 Uls
have distinctive design themes, the data displayed on every Ul
are amost identical, and the interaction modalities supported
on each Ul are similar with minor differences. On the basis of
the meeting with iVVO project participants, we hypothesized that
informal caregivers would prefer the tile-based Ul with
audio-based interaction (eg, voice command inputs and audio
outputs) because of the simplicity of data presentation and
hands-free property. In contrast, formal caregiverswould prefer
the map-based Ul with touching and reading capabilities because
of the different datalevels, intuitive data visualization, and ease

JMIR Hum Factors 2023 | vol. 10 | e42145 | p. 2
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

of usewhilevisiting an older adult’s residence. Meanwhile, we
assumed that older adults would prefer the AR-based Ul with
touching and reading capabilities because of engagement,
intuitiveness, and easiness. To consider apractical use case that
requires mobility, we implemented and evaluated these 3 Uls
on mobile devices. We designed our app to be able to use an
loT platform to receive an older adult’s daily activity data.

In this design study, we made the following contributions in
the context of health monitoring of an older adult: (1) we
designed and implemented the app with 3 initiative Uls for
formal and informal caregiversto support the care of older adults
using 1oT; (2) we conducted user evaluations to analyze user
experience and user acceptance of the app and its UIsto identify
the rel ationship between the user’srole and their acceptance of
a particular Ul, and this would emphasize the necessity for
diversity ininteraction modalitiesand Uls; and (3) we observed
overall positive user acceptance of using AR by participants
and especially among the older adult participants, along with
ideas on how AR can be used further in the context of older
adult health care.

The design of our system and app is described in detail in the
following section. Next, we describe the user evaluation
procedure and the data analysis. Then, we present the results of
the data analysis, categorized as overall impression and user
acceptance, to show participants’ impressions of our app. This
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paper endswith adiscussion of our design study’simplications
for the health care monitoring domain and its contributions to
future studies.

Methods

Development

This section explains the system environment that was used to
collect human behavioral datain peopl€e’s residences. We then
present the design processto build the Ulsalong with the target
device for running our app.

App Environment

In this study, we used the 10T platform Societal Development
Through Secure 10T and Open Data for monitoring a person’s
daily activities, as shown in Figure 1.

Figure 1 shows the IoT platform being used where arbitrary
sensors can be connected; data are gathered, stored, and
processed to identify activity in homes. The service designed,
developed, and evaluated is the older adult well-being service
in Figure 1. Shahid et a [14] give more details on data
processing and analytics that designed a framework for
preprocessing and processing the data and activity recognition
models based on data from the off-the-shelf sensors and IoT
devices installed in homes to learn daily patterns of different
activities and detect anomalies.

Figure 1. Framework for Societal Development Through Secure Internet of Things and Open Data (SSIO) health care services. 10T: Internet of Things.
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This study aimed to evaluate participants’ user experience and
impression of the Uls. The work done in the iVO project [13]
also forms the basis for the need to design our app and its Uls
as, in that study, information was shared via SM Stext message
notifications. However, during repeated interviews and
communications with the participants and their caregivers, a

https://humanfactors.jmir.org/2023/1/e42145

RenderX

Home n

need for an app with more detailed information to view was
observed. The primary data used for visualization in this study
were (1) duration of being active (ie, activeness), (2) duration
of being still (ie, stillness), (3) duration of staying in aroom (ie,
as both active and till), and (4) transition logs from one room
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to others. In addition, Textbox 1 describes all the data used to
detect activity in each room.

Figure 2 illustrates an example of 10T sensor installationsin an
older adult’s residence. We installed nonintrusive 10T sensors
in each room, and the actual sensor installations were adjusted
to the room design and available appliancesin the older adults’

Textbox 1. Example of collected and processed data for abnormal activity
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houses. The app designed for this study could be used to check
for both normal and abnormal activities.

Thereal-world behavioral datacollected through theiVO project
[13] were used to create ageneric older adult’s 3-day behavioral
activity pattern and used as sample data for our app.

detection.
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Figure 2. Sensor installationsin an older adult’s residence for collecting daily activity data. 10T: Internet of Things.
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App Design

Overview

On the basis of the design principles [20-22], we designed a
prototype app that consisted of 3 Ulsthrough several iterations.
As we wanted to identify various useful design elements and
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collect diverse feedback regarding Ul design, we prepared 3
different Uls with unique concepts. Once the core features of
each Ul were implemented, such as tiles with large icons and
text, a 3D rotatable map, and floating AR contents around a
user's face, we performed user tests with our colleagues to
identify possibleimprovementsin user experience and usability
perspectives. We updated the visibility and readability of
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information on each Ul, including an aligned menu design for
better accessibility with an intuitive navigation procedure. The
following sections describe the interaction modalities and Uls
used in the user evaluations.

Design Principles

The target user group in our study included older adults in
particular; thus, the Ul design should consider the age-related
elements that could affect the user experience [20-22], for
example, big font size and high graphic clarity for visual
elements; low-frequency perception and additional stimulation,
such asavibration of amobile device, for auditory interaction;
and a rule-based color theme and simplified menu navigation
for cognitive processes. We used these elements as fundamental
design principlesfor our 3 Uls.

For one of the Uls, we used atile-based design along with text
and pictograms inspired by commercia apps such as the Oura
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Ring [23] and Apple's home app [24]. We expected that the
strength of the tile-based design would be the simplified data
presentation with intuitiveness.

In the map-based UI, we used a 3D map and several graphical
elements on that map to present information. The information
presented in al 3 Uls (Figure 3), including the AR-based U,
was similar; however, we found that data presented on avirtual
map that refersto areal-world space could further improve the
intuitiveness of the information [15,25].

According to our literature survey, the properties of AR have
positive effects such as motivation and intuitive data
visualization [12,15,26]; therefore, we decided to use these
effectsin our app to support older adults. Although some studies
in the health care domain relied on a printed marker [9,15], we
decided to use afacefilter style of Ul for AR in the older adult
health monitoring service to evaluate the acceptance level of
AR by older adults.

Figure 3. The 3 user interfaces display similar information in different formats. AR: augmented reality.
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I nteraction M odality

We used multimodal interaction to provide flexibility in the Ul
for older adults[20,21]. However, smply increasing the number
of interaction modalities poses a potential failure to achieve
effective multimodal interaction [27,28]. Therefore, we used
basi c interaction modalities that modern mobile devices support
instead of adding more modalities using external devices. For
exampl e, we enabl ed touch and voice command and used facial
parts as visual cues for input modalities. In contrast, visual
elements, sound, and a device's vibration were used as visual,
audio, and haptic output, respectively. The mobile device
vibrated when the user pressed a button that contained an
abnormal event or an animation to play. Therefore, thevibration
was an additional modality to emphasize a notification rather
than the principal channel for delivering information, such as
visual elements and sounds. We enabled every interaction
modality in all Uls as we wanted to evaluate the end users
initial impression of our app and its Ulsthat were similar to the
final product.
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We designed 3 Uls that present similar information but in
different forms. Our primary Ul design principle wasto achieve
aproper level of intuitivenessfor reducing the cognitive process
of finding and understanding the information. The reason for
choosing design principles was that our app’starget user group
was older adults, for whom theintuitiveness of data presentation
isan essential factor. Figure 3illustrates our 3 Ulsto aid health
caretasks performed by formal and informal caregiversof older
adults.

We referred to several findings from related studies regarding
the Ul design for older adults in our app’s Ul design, for
example, alargefont, button, and image sizefor better visihility;
consistent color scheme to increase the readability of the
information; simplified menu navigation for ease of use and
fast dataaccess; support for offline accessibility to prevent user
experienceinterruption; and simplification of datavisualization
for intuitive information delivery [20,22,29].
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To ensure consistency between Uls, al 3 Uls have 5 shared
features marked in the tile view in Figure 3. First, the top 3
buttons arefor setting the window to select data. The date button
is used for choosing the date. The time button is used for
selecting the time window. The room button decides which
room data the user wants to see. Second, the speaker button is
used to play the audio for reading out the information. When
theaudio is playing, pressing thisbutton stopsthe audio. Third,
switching the language between English and Swedish is done
by pressing thelanguage button. Fourth, the microphone button
enables the voice command feature for interacting with the app
using a human voice. The voice command consists of 3
keywords to correctly configure the system for receiving data:
date, time, and room name. Finally, the bottom 3 buttons are
for switching between Uls.

Each Ul has a unique design concept for presenting information
to usersin addition to these common features. We designed the
tile view and the map view to provide as much data as possible,
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from overview to detail, to formal and informal caregivers. In
contrast, the AR view was designed for older adults. We decided
to present minimum data in the AR view based on interviews
with older adults [14,30]. We found that older adults tend not
to show interest in the detailed report of their daily activity;
therefore, we simplified both the level of data and the
visualization complexity.

First, the tile-based Ul that uses rounded squares with large
iconswith aminimum amount of text to describetheinformation
is named tile view (Figure 3). When abnormal behavior is
detected, a correlated tile displays the exclamation mark icon
to emphasize that the user has to be aware of it. Each tile is
clickable, and the information regarding the pressed tile is
played as an audio output. In addition, the device vibrateswhen
the tile with an exclamation mark icon is pressed. A transition
log from the selected room to othersis presented when a specific
room is selected, such asin thetile view in Figure 4.

Figure 4. The user interfaces display a transition log between rooms in the tile view and map view. In the augmented reality (AR) view, a feature

captures the screen image and AR information for sharing with other users.
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Second, the 3D map-based Ul presenting a person’s behavior
data on a 3D-modeled floor plan is named map view (Figure
3). The 3D map is an actua floor plan of the user’s residence,
thereby expected to improve the Ul’s intuitiveness. The circle
icon with a progress bar indicates the percentage ratio of
activeness and stillness of a person in each room. The cylinder
inaroom also represents the activeness and stillness of aperson
through the cylinder’'s height. When an event such as kitchen
appliance use or abnormal behavior occurs, additional iconsare
visible next to the circleicon. For example, when the coffee pot
is used during lunchtime, a coffee pot icon is displayed. If not,
an exclamation mark icon is visible to represent that abnormal
behavior isdetected. The map can berotated by dragging it with
afinger, and the view on the map i s changeabl e from perspective
view to top view and vice versa. The transition log ordered by
timeislisted below the map. A correlated trgjectory line onthe
map is animated to highlight the information when the user
clicks on one of the buttons on the log list. In addition, the
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information related to the selected log is played as an audio
whilethetragjectory lineisanimated. The buttons on thelog list
can have an exclamation mark icon when the log contains
abnormal behavior. In this case, the device vibrates once the
user presses the button. The transition log is also provided in
another panel depicted in the map view in Figure 4 when the
user selects the circle icon on the map. An additional pop-up
window appears to show detailed information about abnormal
behavior when the user clicks on the exclamation mark icon on
this panel.

Last, we used the ARCore (Google) face-tracking feature [31]
to use the user’'s face as a marker for AR (see the AR view in
Figure 3). The data are presented as AR text with AR icons
floating around the user’s face. As a result, the user does not
need to prepare a printed marker to visualize AR objects. The
ARiconsareclickable. Oncethe AR iconispressed, correlated
information is played through audio, and the device vibrates as
well. Although thetile view and map view are designed for both
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formal and informal caregivers, the AR view is designed for
older adults. We foresaw that older adults could accept the AR
view for the following reasons. First, we minimized the
information given in the AR view by focusing on the main
activities in each room. Second, AR abjects would make older
adults engage in using the AR view. Third, the user could
capture animage of their face al ong with datavisualized through
AR objects. The AR view in Figure 4 showsthe captured image
with data as AR objects. This captured image could be shared
with formal and informal caregivers to inform of the user’s
latest state.

The flowchart and user flow of each Ul are provided in
Multimedia Appendix 1 and Multimedia Appendix 2,
respectively. In addition, the summary of each Ul's details,
including target user, interaction modalities, and unique features,
is presented in Multimedia Appendix 3.

Target Device and Configuration

We used Samsung Galaxy Tab S3 tabletswith 4-GB RAM and
a9.68-inch screen with 2048 x 1536 resolution on the Android
operating system version 9to test our app. We used Unity (Unity
Technologies) to develop the app and used Google's speech
service to enable speech recognition and text to speech in both
English and Swedish. Moreover, we downloaded an
English-language package for Google's speech service to make
the speech recognition system work with English commands
even when the device is offline.

User Evaluations

Participants

We recruited some participants from the study by Shahid et a
[14]. They voluntarily joined our user evaluation. Furthermore,
we approached more older adults in Skellefted, Sweden, with
similar profiles as those in the iVO project. We tried to recruit
people in three different roles: (1) older adult, (2) formal
caregiver, and (3) informal caregiver.

Experimental Procedure

Overview

For our study, we designed the user evaluation test to run for 1
hour for each participant. Thisinvolved 30 minutes of firsthand
experience using our developed app and its different Uls
followed by an interview for 20 minutes. During the user
evaluation, the participants freely navigated each Ul, and a
researcher assisted them in experiencing every feature of our
app. Finally, the participants were handed a questionnaire to
fill in on their own, which took approximately 10 minutes.
During the evaluation, the participants interacted with the app
keeping in mind their personal context of being a formal or
informal caregiver to an older adult or being an older adult using
such an app for themselves.

User Evaluation

Owing to the pandemic, wewere limited in meeting participants
from many nursing home and caregiving domains. As a result
of the socia distance policy, we met participants with up to 4
people at once. When we arranged ameeting with an older adullt,
we always grouped them with their informal caregivers or
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friends to make the older adult feel comfortable during the
evaluation. Before starting the evaluation, we informed each
participant about the process and obtained their consent. The
participants were free to withdraw if they felt uncomfortable.
In the user evaluation, we explained our app and the features
of the Uls while the participant had firsthand experience with
them. We introduced each Ul in the following order to
emphasize the difference between them: (1) tile view, (2) map
view, and (3) AR view.

Individual Interview

After the participant had finished experiencing all the app
features, we conducted an individual interview. During the
interview, the conversation between participants and researchers
was recorded under agreement for dataanalysis|ater. A number
of questions were designed by referring to the technology
acceptance model for the interview [17]. We asked about their
impression and perception of the Uls and app features
throughout the interview (eg, which Ul was preferred based on
the purpose of app use, which interaction modality helped use
the preferred Ul, and how easy to use and useful werethose Uls
and interaction modalities). We chose certain questions
according to the conversation during the interviews with
participants to allow for flexibility. Multimedia Appendix 4
provides afull list of interview questions.

Questionnaire

We used the User Experience Questionnaire (UEQ) designed
by Laugwitz et al [32] to evaluate overall impression of the app
intermsof usability and user experience. According to Laugwitz
et al [32], the usability aspect comprises “efficiency,”
“perspicuity,” and “ dependability,” whereas the user experience
aspect includes“ novelty” and “ stimulation.” The original UEQ
contains another scale named “ attractiveness’ measuring another
aspect of impression of the app using 6 items (ie,
“annoying/enjoyable”  “bad/good,”  “unlikable/pleasing,”
“unpleasant/pleasant,” “unattractive/attractive,” and
“unfriendly/friendly”). We omitted the attractiveness scale in
our questionnaire as we were only interested in usability and
user experience. As a result, we included only 5 scales (ie,
“efficiency,” “ perspicuity,” “dependability,” “stimulation,” and
“novelty”) with 20 items in the questionnaire. The efficiency,
perspicuity, and dependability scales represented pragmatic
quality aspects(ie, task-rel ated) related to usability. In contrast,
the stimulation and novelty scales comprised hedonic quality
aspects (ie, non—task-related) related to user experience.

In the questionnaire, general information was asked about a
person’s gender and age in arange. Then, 20 items were given
to be answered with a 7-stage scale. Each item contained 2
opposite words, and a participant had to select a stage
representing the closest scale between 2 words. The order of
the words was randomized, and the order of positive and
negative words was aso shuffled for each item to make the
participant focus on reading each item instead of selecting words
with aconsistent pattern. Groups of itemsin the same scale had
similar meaningsto ensure consistency in aparticipant’sanswer.
In other words, a participant’s answer could be unreliable when
inconsistency arose.
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Ethics Approval

This study was based on the iVO project conducted by Shahid
et a [14]. The participants consented to the collection and
recording of their questionnaire answers and interview data
during the user evaluations. The project was, overadl, in
compliance with the European Union General Data Protection
Regulation guidelines [33]. The data collection and processing
in this study were approved by the Regional Ethical Board in
Umea, Sweden (diary 2018-189/31).

Data Analysis

We conducted astatistical analysis of the questionnaire answers
to identify the potential end users’ overall impression of our
app. To evaluate the user experience of the 3 Uls from the
guestionnaire answers, we used an analysis tool provided by
the UEQ team [34,35]. The analysistool calculates means, SDs,
and Cls per item and scale. The margin of error at a 95% CI

was calculated by using the t value because of the sample size
(N<30). In addition, a comparison of the results with those of
other studies evaluated using the UEQ is presented as a
benchmark. The interview answers were coded [36] to identify
common impressions of participantson the 3 Ulsand interaction
modalities. We used inductive coding to organi ze data generated
from observations of participants and interviews.

Results

Overview

As participantsin this study were from the study by Shahid et
a [14], they al had experience using a health monitoring
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system. In the end, we had 26 participants—17 (65%) female
and 9 (35%) male. We met 96% (25/26) of participants in
person, whereas we met 4% (1/26) on the web because of the
limited contact owing to hisjob specialty during the pandemic.
We removed 4% (1/26) of participants (P20) from the
guantitative data because of the inconsistency in her
guestionnaire answers. The UEQ was used to measure the
overal impression of our app, and the interviews were
conducted to obtain qualitative data that could be used to
understand user acceptance of the Ulsand interaction modalities
based on the user’srole. We categorized participantsinto three
groups based on their role instead of their age: (1) older adult,
(2) forma caregiver, and (3) informal caregiver; of the 26
participants, there were 12 (46%) older adults, 1 (4%) formal
caregiver, and 13 (50%) informal caregivers. Apart from the
participant whose job was as a formal caregiver, 2 ( 8%)
participantsfrom medical services, anurse (P17) and aphysician
(P23), attended the evaluation. Most participantsin theinformal
caregiver group (6/13, 46%) were aged from 50 to 59 years,
whereas most participantsin the older adult group (6/12, 50%)
were aged from 60 to 69 years. All older adults (12/12, 100%)
were aged >60 years, and the formal caregiver wasin his 20s.
Table 1 shows the information of each participant, and Figure
5 shows the demographics of the participants. The collected
guestionnaire datawere normally distributed, aswe could verify
from quantile-quantile plots of the means of each scale per
participant (Multimedia Appendix 5).

JMIR Hum Factors 2023 | vol. 10 | e42145 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

Kimet al

Table 1. Information about the 26 participantsin 3 roles: older adult, formal caregiver, and informal caregiver.

ID Gender Age (years) Role

P1 Woman 60-69 Informal caregiver
P2 Woman 80-89 Older adult

P3 Woman 60-69 Informal caregiver
P4 Woman 50-59 Informal caregiver
P5 Man 19-29 Formal caregiver
P6 Man 50-59 Informal caregiver
p7 Woman 30-39 Informal caregiver
P8 Woman 70-79 Informal caregiver
P9 Woman 50-59 Informal caregiver
P10 Man 70-79 Older adult

P11 Woman 80-89 Older adult

P12 Woman 70-79 Older adult

P13 Woman 60-69 Older adult

P14 Woman 60-69 Older adult

P15 Man 60-69 Older adult

P16 Man 70-79 Older adult

P17 Woman 50-59 Informal caregiver
P18 Woman 50-59 Informal caregiver
P19 Man 40-49 Informal caregiver
P20 Woman 70-79 Older adult

P21 Woman 40-49 Informal caregiver
P22 Woman 60-69 Older adult

P23 Man 60-69 Informal caregiver
P24 Man 60-69 Older adult

P25 Woman 60-69 Older adult

P26 Man 50-59 Informal caregiver

Figure5. The participant population by age group.
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Overall Impression

Overview

We quantified 20 quality aspects that consisted of 2 words for
each item in the questionnaire. We analyzed and benchmarked
the responses based on the UEQ scales [34,35]. We also listed
overall impressions of our app identified from the interviews.

UEQ Results

Quantified Quality Aspects

We calculated the mean, SD, and CI of each item in the UEQ
that was transformed from the 7-stage scale into -3 to 3 values
to evaluate the quantified quality aspects of both user experience
and usability of our app. The results of each item are provided
in Multimedia Appendix 6. Each item’s SD and Cl were
calculated from the mean of participants’ answersto each item.
A total of 95% (19/20) of the itemswere answered over amean
of 1.6 (SD 1.19), whereas 5% (1/20) of the items (ie,
“unpredictable/predictable’) were answered with a mean of
0.60 (SD 1.26). However, as the SDs for 2 items (ie,
“cluttered/organized” and “confusing/clear”) were similar to
their means, the differences between means and SDs were
relatively smaller than for other items. Hence, we have difficulty

Kimet al

simply accepting the results of these items as positive. In
particular, “ unpredictabl e/predictable” showed the lowest mean
among all itemsthat entered the neutral evaluation area. On the
basis of Cls, some items’ results were acceptable as a positive
evaluation even though they had a high SD. For example, the
Cl rangesfor “cluttered/organized” (ie, 95% Cl 0.88-2.32) and
“confusing/clear” (95% Cl 1.09-2.59) were >0.8, which isthe
minimum value for a positive evaluation, whereas those items’
means were >0.8 as well.

Scale

The mean with CI error bars for each scale is shown in Figure
6. Unlike the Cls in Multimedia Appendix 6, the Cls of each
scalein Figure 6 were calculated from each participant’s mean
for each scale. All scales showed a positive evaluation with a
mean >1.74, and stimulation was the most valued scale. This
provides evidence of positive evaluations regarding usability
in terms of efficiency, perspicuity, dependability, stimulation,
and novelty. When each scale was grouped into the quality
aspect, the pragmatic quality aspect had a mean of 1.82, and
the hedonic quality aspect had a mean of 2.17. These results
represent that overall user experience in terms of task- (ie,
pragmatic) and non—task (ie, hedonic)-related quality aspects
received positive evaluations.

Figure 6. The mean and Cl of each scale are depicted with black dots connected with lines on top of the benchmarks of each scale’'s mean value,
calculated from 21,175 personsin 468 studies published until 2021. The CI of each scaleis cal culated from the mean of each participant for each scale.
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Benchmark Interviews

The UEQ team have summarized the results of UEQ from a
total of 468 other researchers’ studies who also used the UEQ
analysis tool. This benchmark was established from 21,175
persons dataand isillustrated in Figure 6, along with the UEQ
resultsfor our app. We found that 2 scales (ie, “efficiency” and
“perspicuity”) wererated asthe second-best quality (ie, “Good”)
and 3 scales (ie, “dependability,” “stimulation,” and “novelty”)
were rated as the top quality (ie, “Excellent”).
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Overview

We categorized the participants' interview datainto 2 parts, and
each category consisted of the following keywords. The first
category contained participants’ feedback on overall impression
caused by informative data, intuitive Ul design, ease of use, age
dependency, and lack of design clarity. The second category
included user acceptance regarding the Uls and interaction
modalities based on alevel of ease of use and usefulness, which
is presented in a separate User Acceptance section. Some
interview answers that were notable for understanding
participants’ perceptions of our app, Uls, and interaction
modalities are provided in Multimedia Appendix 7.
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Informative Data

Participants experienced that the data were informative to
understand aperson’s state. For example, an informal caregiver
(P8) showed interest in the map view because of the supportive
information for monitoring an older adult. Participants also
experienced that the data on the Uls were supportive of carein
a case where an informal caregiver had a problem obtaining
necessary information while meeting her parent. A similar
opinion was expressed by one of the informal caregivers:

Even asmall event like visiting a toilet can be checked
that my parent may not remember anymore. [P1]

Furthermore, another informal caregiver (P18) imagined how
valuable the data could be to overcome the time and distance
issues that prevented her from knowing her parent’s condition.
Older adults evaluated the data as positive because of the
beneficial outcomes for formal and informal caregivers. For
example, an older adult (P13) thought about how useful the data
could bein a specific scenario, such aswhen an older adult has
cognitive impairment:

| can feel safer if | have this. Someone knows that |
am gtill moving around. For instance, my children
can see that | am moving. If you develop dementia,
perhaps, you don’t know if you've eaten or not. This
can tel if you did it. [P13]

One of the benefits of obtaining data for informal caregiversis
that it helps understand the older adults’ states before visiting
their residences (P19). The formal caregiver (P5) found that
obtaining data through the tile view was preferable for himin
terms of data acquisition speed and high readability.

Intuitive Ul Design

Regarding the Ul design, participants experienced the
intuitiveness of the Uls for acquiring data. Several graphical
elementswereidentified ashelpful visual cuesto aid participants
in understanding the data. In the map view, theicons on buttons
and the cylinders in each 3D room were perceived positively.
In addition, the data visualization on the 3D map helped
understand the data with spatial cues. We explained to
participants that the 3D map would be the map of their
residences. The datawere presented in the corresponding room
in the 3D map. As a result, participants experienced that the
data presentation based on data-rel ated room positions leveraged
intuitiveness. For example, participants stated the reason for
choosing the map view as it being a better Ul than others (P10
and P11).

Inthetileview, the color theme was positively received because
of the improved visibility and readability of the data. For
example, an older adult (P14) liked the color theme as she could
obtain data by skimming through the color on each tile. When
she saw thered icon on atile, she could become aware of which
activity had an abnorma behavior history before reading
detailed information written in text. Different colors used for
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each purpose aided her in understanding the datain ashort time.
In addition to the design elements, the formal caregiver (P5)
noted the simplicity and intuitiveness of thetile view's layout.
He found the tile view to increase the usability of the app for a
caregiving service owing to quick and easy data access.

Ease of Use

Some of the participants (5/25, 20%) admitted that time was
needed to get used to our app; however, 68% (17/25) of the
participants explicitly mentioned how easy it was to use our
app. We found these participants from all age groups and in
every role. The individua preferences for Uls are unique to
each participant; however, they all experienced the easiness of
data acquisition.

Age Dependency

Participantsfelt that, even though our app was easy to use, their
parents would require more timeto get used to using it because
of their unfamiliarity with a smartphone and app. One of the
informal caregivers (P7) pointed out the different levels of user
acceptance between the younger and older generation by adding
an extra element, that is, a “skill,” which can be called
“familiarity,” established by previous experience:

[This app ig] suitable depending on the user...Not
only the age but also the skills that the user has
affected the experience. The younger generation can
enthusiagtically useit. [P7]
Asevidence, we observed in the user evaluation that arelatively
young adult could learn how to use AR much faster and explain
it to their parent, who took more time to be able to use it by
themselves. In addition, the formal caregiver (P5) showed a
pessi mistic perspective on the user acceptance of especialy AR
by older adults for the same reason that others expressed:
unfamiliarity.

Lack of Design Clarity

Degspite the positive experience that the app provides, some
participants (6/25, 24%) experienced inconvenience from Uls
caused by (1) the ambiguity of data visualization in the map
view, (2) the vague motivation for use, and (3) the lack of
consideration for user experience in Ul design.

User Acceptance
Ul Acceptance

Overview

We analyzed the participants’ Ul preferences grouped by the
user'srole: (1) the caregiver (ie, formal and informal) and (2)
the older adult. Figure 7 illustrates the user preference for
interaction modalities in the map and tile views depending on
the user’s role. Personal preference could be owing to various
reasons,; hence, we focused on the reasons for choosing a
specific Ul in terms of ease of use and usefulness. Table 2
summarizes the reasons for Ul preference by participant role.
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Figure 7. Therole-based user preference for the interaction modalitiesin 2 user interfaces.
12

11

Number of participants

Caregiver (formal+informal) Older adult
Input Il Touch mm Voice Touch and voice
Output I Visual Audio Visual and audio

Table 2. Summary of reasons for user interface (Ul) preference by each participant role: older adult (O), formal caregiver (F), and informal caregiver

0.
Ul and role Reason for preference
Map
(0] . Datapresentationin acorrelated room in the 3D map
«  Visual representation of an older adult’s movements with trajectory lines
«  Support for different levels of depth for data presentation
=] «  Datapresentation tool in a meeting with others because of visual graphic components
| «  Moreintuitive than other Uls because of the visual graphic components
«  Overview of daily activity instead of detailed data
Tile
(0] «  Simple Ul design for easily understanding the overview of data
F «  Simple Ul design with informative data without unnecessary information
| «  Simple Ul design for fast data acquisition
«  Familiar Ul design
« Moredetailed data than in the map view
ARP

o2 «  Communication with others for social interaction
« Asacondition report in an emergency to provide additional data

=] « Active participation in health care rather than being observed
|2 « Additional data collection, such asfacial expressions

« Making older adults participate in health care
«  Fedling relieved through communicating with others

% mpression rather than a reason for preference.

PAR: augmented reality.

Map View map was the reason that participants in all roles selected it as
a their preferred Ul. In total, 58% (7/12) of the older adults

The map view was the second most preferred Ul among  preferred the map view for mainly three reasons: (1) the data
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visually presented, and (3) the data were available in both
overview (see the map view in Figure 3) and detailed (see the
map view in Figure 4) views. The formal caregiver proposed
anideato usethe map view asaway to inform and communicate
details about patients (ie, older adults) to clients (ie, informal
caregivers). In total, 23% (3/13) of the informal caregivers
wanted to see an overview of daily activity. Visual elements
such as icons and cylinders on the 3D map helped them
understand an older adult’s state in a short time.

Tile View

Thetileview wasthe most preferred Ul, chosen by 60% (15/25)
of the participants. The principal reason for preferring the tile
view was the intuitive Ul design. Regarding the Ul design’s
intuitiveness, not only a simple Ul design but also a familiar
Ul design could be perceived as an intuitive interface [37].
Participantsin every role perceived thetile view as an intuitive
and effective Ul for overviewing data because of the smple
design. Older adults wanted an overview of the data, and the
formal caregiver preferred an overview with less detail, which
was unnecessary for him. In addition, informal caregivers
expressed that the tile view provided more detailed data than
the map view, and they got used to the tile view because of the
similar design to the app they had used before.

AR View

None of the participants selected the AR view astheir preferred
Ul; however, most participants (10/14, 71% of caregivers and
10/11, 91% of older adults) showed interest in using the AR
view as a supplementary tool for additional data mining and
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social interaction. Informal caregivers claimed that their parents
facial expressions gave additional information not written in
the text. Furthermore, other informal caregivers perceived that
using the AR view could make them fedl relieved by
communicating viaafacial image and activity data. Meanwhile,
the older adults had a positive impression of using the AR view
to communicate with their children. Sharing the captured facial
image and conversing about it with others would amuse older
adults who might be lonely. In contrast, sharing the captured
image was perceived asavisual report for older adultsto update
their families on their condition. The formal caregiver declined
to use the AR view; however, he saw potential use by older
adults within ahealth care service, asdid an informal caregiver
(P9), because of the active participation of the older adultsin
their health care rather than being passively observed by others.

I nteraction Modality

Overview

Our app supports multiple interaction modalities. This section
analyzes the participants’ preferences for the input and output
modalities. The summary of reasons for interaction modality
preference is shown in Table 3. Similar to the reasons for the
Ul preferences, personal preferences on interaction modality
could vary; hence, we focused on the reasons in terms of ease
of use and usefulness. We speculate on severa participants
when they did not explicitly express the reason for modality
preference. As the vision as an input modality in the AR view
and the vibration as an output modality in every view were not
principal modalities for delivering information, we excluded
them from Table 3.

JMIR Hum Factors 2023 | vol. 10 | e42145 | p. 13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

Kimet al

Table3. Summary of reasonsfor input and output interaction modality preference by participant role: older adult (O), formal caregiver (F), and informal

caregiver (1).

Interaction modality and role  Reason for preference

Input
Touch
o o Familiar modality
F «  Touch isfaster than voice command
I .
«  Simiple and familiar modality
Voice
oa .

IC .

Touch and voice

Comfort with touching for navigating the UI® because of many buttons

Comfort with giving voice commands for navigating the Ul because of ambiguous button designs

Alternative modality for those who need another channel for interaction

(0] «  Switchable modality depends on a user’s state
| »  Find suitable modalities by using each of them
Output
Visual
(0] «  Location-based intuitive data presentation

«  Maeaning of colors helps understand data

Reading is faster than listening

Quick understanding of data
o  Familiar to read information

Audio
o? «  Comfortable with listening rather than reading data on the screen
EC « Alternative modality for people who want to listen
Different information from that of the written text can be delivered

IC .

Visual and audio

O .

Selectable modality depending on a user’s state

8Speculation based on a participant’s feedback and observations.
bUI: user interface.
“Impression rather than areason for preference.

Input Modality

Finger touches and voice commands were used as input
modalities. In addition, we identified some participants who
preferred to use both modalities.

Touch input was preferred by 92% (23/25) of the participants,
including participants who chose multiple modalities. The
principal reason was that participants felt that the touch
interaction was simple and familiar on a smartphone. Older
adults and informal caregivers remarked on the simplicity and
familiarity of touch interaction. Another reason given by one
of theinformal caregivers (P7) wasrelated to the characteristic

https://humanfactors.jmir.org/2023/1/e42145

of the preferred Ul. Asthe map view has various objectsto click
onfor navigating data, P7 felt comfortabl e touching them instead
of using the voice command that required memorizing every
command for proper use. The touch interaction required fewer
steps than the voice interaction to obtain the desired data. The
formal caregiver emphasized how vital the data acquisition
speed was for him. Therefore, we speculate that the formal
caregiver preferred touch because of the speed of interaction.

Regarding the voice command, one of the older adults (P10)
perceived the map view as better than thetile view for obtaining
information. However, unlike P7, he felt that he could better
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control the map view with voice command in comparison with
thetouch interaction. Therefore, he preferred the voice command
over thetouch interaction. In addition, someinformal caregivers
who preferred touch interaction found the value in voice
command as an alternative modality for people who have an
obstacle to using touch interaction. P19 noted the following:

If you are blind, | can imagine you have a different
perspective [on the value of voice interaction] than
| do.

Some participants (6/25, 24%) wished to have both input
modalities for mainly 2 reasons. First, a physical impairment
caused by aging or an injury changes the modality preference.
In total, 33% (4/12) of the older adults, who chose both
modalities, admitted that touch interaction would be the primary
interaction modality when they started using the app because
of its simplicity and familiarity. Meanwhile, 15% (2/13) of the
informal caregivers initially wanted both modalities as they
needed time to decide on the main modalities. Once they chose
specific modalities astheir primary interaction, they would like
to stick with them.

Output Modality

Participants could obtain datathrough visual e ements (eg, icons,
text, and 3D objects) and audio. Similar to the input modality,
we found that some participants wanted to have both output
modalities.

Visual elements as output modality were perceived positively
for mainly 3 reasons. The first was intuitive data presentation
with locational information. Specifically, the map view used
various visua elements such as icons, lines, and cylinders on
the 3D map to provide information about a person’s behavioral
activities, such astransitions between rooms, overall time spent
in aroom, and activity in each room. Older adults experienced
the strength of the visual elements on the map as they could
understand information by simply seeing them instead of reading
text. Another older adult (P14) reported the role of colorsin
recognizing dataon thetileview. Aslong asthe visual elements
have a simple and understandable design, the data can be
successfully delivered to participants in arelatively short time
compared with audio output. The speed of data acquisition was
the second reason for the preference. Theformal caregiver (P5)
preferred the tile view rather than the map view, mainly as
reading text was fast and convenient for him. Some informal
caregivers (2/13, 15%) also liked to see the data on either the
map view or the tile view as they could obtain information
quickly by seeing visually represented data. The last reason for
this preference was familiarity with reading. People are used to
reading content; therefore, many informal caregivers chose
visual elements astheir preferred output modality.

The audio output is the system'’s feature to read text when a
user presses a button. The system reads either displayed data
on the screen or a summary of the data the user is seeing. An
older adult (P12) preferred this audio output while using touch
interaction. According to P12, even touch interaction was
challenging for her; however, it wasrel atively more manageable
than the voice command. Hence, she chose touch interaction as
the main input modality. From this, we speculate that her choice
of audio as a preferred output modality was made because of
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the relatively simple process to obtain information compared
with reading. Aninformal caregiver (P6) pointed out that using
the audio output had little merit as there was no difference in
information between the written text and audio output. In other
words, the participants may be willing to use audio output if
there is a difference in information between the 2 different
outputs. In addition, theformal caregiver (P5) found apotential
use case of audio as an aternative output modality for specific
users who have areading disorder or do not want to read.

In total, 25% (3/12) of the older adults answered that they
preferred having both output modalities to consider when
switching between them. For example, a change in the user’'s
physical condition caused by aging may trigger the modality
change. In other words, they considered using the 2 output
modalities separately rather than simultaneously.

Discussion

Principal Findings

We used the UEQ to evaluate the initial overall impression of
our app in terms of usability and user experience. The
guestionnaire answers regarding pragmatic (ie, usability) and
hedonic (ie, user experience) quality aspects showed that most
items from all scales were rated positively. The participants
positively evaluated al the items on every scale except the
dependability scale. We identified an item (ie,
“unpredictable/predictable”) from the questionnaire dataanaysis
with arelatively low mean and high SD compared with other
items in the dependability scale. This result implies that there
isroom for improvement regarding the unpredictable behavior
of our app against the user’s expectations. However, there could
be another reason for this that needs to be further investigated.
This could be the participants' different understanding of the
guestionnaire items [35]. This confusion could be caused by
the participants' context while taking the questionnaire. For
example, the item “unpredictable/predictable” asked whether
our app had reacted as the participants expected. However,
severa participants (5/25, 20%) asked about the meaning of
“unpredictable/predictable” In addition, we found that some
participants who selected negative or neutral words for
“unpredictable/predictable’ chose positive wordsfor other items
on the same scale. Therefore, we assume that this result could
be caused by either amisinterpretation of an item or an outlier.
The benchmark was used as complementary data to show the
quality of our app, and we found that our app was rated as at
least “Good” on al scales. However, the mean of the
“dependability” scale was relatively lower than that of other
scales. As the item (ie, “unpredictable/predictable”) in the
“dependability” scale could affect the result, we presume that
an eval uation with aclear explanation and additional participants
could provide more reliable results. Overal, the participants
expressed interest in our app because of its usefulness for
checking an older adult’s condition through intuitive Uls and
ease of use with a steep learning curve [38]. The questionnaire
results support the interview answers. For example, positively
rated words such as “supportive,” “valuable,” “moativating,”
“easy,” “understandable,” “easy to learn,” and “clear” support

JMIR Hum Factors 2023 | vol. 10 | e42145 | p. 15
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

the participants’ answersregarding “informative data,” “intuitive

Ul design,” and “easy to use”

Although 68% (17/25) of the participants expressed that our
app was easy to use, some participants (6/25, 24%) il
expressed uncertainty about the Ul design in terms of
“ambiguous data visualization,” “vague motivation,” and “lack
of consideration for user experience in Ul design.” In addition,
the inconvenience invoked by unfamiliarity was a noticeable
phenomenon among older adults. Informal caregivers were
concerned about this problem for their inexperienced parents
when a new technology was introduced, such as the AR view.
To resolve the uncertainty, each Ul should be finely designed
(1) to provide a clear meaning in visua elements, (2) to
stimulate end users with a reasonabl e and sufficient motivation
for feature use, and (3) by giving enough consideration to user
experience. In addition, thelearning process should be supported
with media, such as video demonstrations [39], to help older
adults get used to the app and Uls.

Throughout the analysis of user preference for the map andtile
view, we identified “intuitiveness’ and “simplicity,” the
importance of which was verified by other studies [20,40,41],
as the factors affecting user acceptance to a greater extent. A
total of 64% (7/11) of the older adults preferred the map view
asit wasintuitive because of variousvisual elements combined
with locational data, whereas the tile view impressed 79%
(11/14) of the caregivers with its simple Ul design. We then
identified that the most preferred input modality by participants
in every role was touch interaction as it was simple, fast, and
familiar. Even though several older adults and afew caregivers
(8/25, 32%) wereinterested in using the voice command, it was
perceived as a secondary rather than a primary modality.
Regarding an output modality, all the caregivers (14/14, 100%)
liked to see the information because of fast data acquisition.
Several older adults (4/11, 36%) wanted to listen, whereas 64%
(7/11) till preferred to read the data from visual components.

The results of user preference for the Uls and interaction
modalities go against our hypotheses. Theidentified reason for
selecting the tile and map view were as we expected; however,
both types of caregivers selected the tile view, whereas older
adults were interested in the map view. We hypothesized that
formal caregivers would like to use the map view for
comprehensive data provided by intuitive visual components.
According to the interviews, data acquisition speed was the
primary factor for using our app by the forma caregiver.
Therefore, obtaining information from the app should be swift
and concise. Although the map view could provide fruitful data
intuitively, a smple Ul for fast reading of information was
prioritized. As expected, informal caregivers preferred the tile
view. However, as the voice command and audio output had
several drawbacks, such as a necessitating learning and being
slower than reading visual outputs, informal caregivers highly
relied on touch interaction for as input modality and visual
elements as output modality. We can mitigate the drawbacks
by updating the app to understand natural languages for voice
commands. Regarding the older adults preferences, we
confirmed that touch interaction was the primary modality owing
to familiarity. Unlike the caregivers, arelatively higher number
of older adults (5/11, 45%) were interested in using the voice
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command. Output modality preference was also different from
that of caregiversin that several older adults (4/11, 36%) wanted
to listen because of feeling comfortable with it. Our hypothesis
about older adults was incorrect as many older adults showed
interest in using the voice command and audio output. Although
both output modalities were perceived as secondary, having an
available alternative isimportant because of the possibility that
older adults' state requires another modality for interaction.

The benefit of using multiple modalitiesisthe flexibility of the
interaction so that users can decide upon their preferences and
states. We expect that the flexibility would enable usersto have
a better user experience than with a unimodal interaction
modality. However, supporting multiple interaction modalities
without an apparent purpose is less beneficial than unimodal
interaction [27,28]. Similar to the voice command, weidentified
that the audio and vibration for output modality needed a
redesign. As the audio output read aloud almost identical
information to that on the screen, participants received the same
information again, which was less valuable. To resolve this
issue, we can make the audio and written information on the
screen different. Essential information should remain the same;
however, a dlight change in the audio output could be applied
for engagement. We also received several comments regarding
the vibration. First, it was barely sensible because of the subtle
intensity. Second, the icons on the screen aready provided
information that the vibration tried to notify. As a solution, we
can renovate the vibration to enhance the notification with an
SM S text message and push alarm. Giving a user the option to
configure the amplification and repetition of the vibration can
be another improvement.

During theinterviews, 100% (1/1) of theformal caregiversand
31% (4/13) of theinformal caregiversdoubted that their parents
would use the AR view. They were concerned about their
parents low acceptance of the AR view because of
unfamiliarity, health-related constraints, and complex
procedures. Indeed, AR is not a familiar technology for older
adults who are not even familiar with a smartphone. As the
formal and informal caregivers predicted, none of the older
adults chose the AR view as their preferred Ul. However, 10
older adults (n=4, 40% aged 70 years and n=6, 60% aged
between 60 and 69 years) perceived the AR view as acceptable
to use. Overall, 84% (21/25) of the participants perceived the
AR view positively, which was contrary to several caregivers
assumptions. On the basis of the positive user acceptance of the
AR view by participants aged >60 years, we presume that
relatively younger generationswill be more open-minded about
using AR when they get older asthey arefamiliarized with AR
appsthat are widely popularized, such as Facebook, Instagram,
and Snapchat. In fact, we identified that 77% (10/13) of the
informal caregivers perceived the AR view as useful, and the
principal reason for showing interest in using the AR view
among them was the informative aspect of the facial image.
Informal caregiversexpressed that checking their parents’ faces
and reading the activity information helped them seek clues
about symptoms that showed in their facial expressions. They
also commented that seeing their parents' behavior data while
talking to them would be more convenient than them sending
an image. Accordingly, we anticipate positive feedback on
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enabling the AR view during avideo call, which needs further
study.

Limitations

The number of participants per user role in our study was 14
caregivers (n=13, 93% informal and n=1, 7% formal) and 11
older adults. However, the participantsin each user group were
homogeneous in terms of having experience with health care
services. Therefore, the results of the qualitative interview
analysis in each user group, especialy the older adult and
informal caregiver groups, were saturated with an acceptable
level according to criteria from other studies [42,43].
Furthermore, the results of the overall impression of our app
were reliable as an initial end-user evaluation as we recruited
>20 participants of various age groups, of different genders,
and in diverse roles [44,45]. In general, during the COVID-19
pandemic, we had difficulty recruiting participants for the user
evaluation. In afuture study, we will recruit more participants
to improve the reliability of the results. In the context of
measuring credibility, our participants had 1 hour to experience
and evaluate our app’s design. This time constraint may have
hindered the participants from having enough timeto try every
feature of our app in areal use-case scenario. |n addition, aswe
aimed to evaluate initial impressions, we conducted the user
evaluation without a task for measuring task-related
performance. In the future, a long-term evaluation can be
conducted to collect datain rea life to identify the issues that
influence user acceptance. This evaluation will enable us to
measure the perceived usefulnessthrough practical tasksinreal
life.

Our app shares the personal data of an older adult with
caregivers, thus, data privacy concerns are inevitable. A
participant raised an important point about apotential violation
of personal privacy. Such potential conflicts regarding privacy
and security can be mitigated by allowing the end user to decide
what data can be shared and establishing different security layers
to prevent unauthorized users from accessing the data.

Comparison With Prior Work

Health monitoring systems have been widely studied asvarious
loT sensors enable a system to read the contextual information
of an older adult [46,47]. The objective of amonitoring system
is to understand the states of persons, environments, and
products based on the collected information; thereby, a service
that is useful for an older adult and forma and informal
caregivers could be delivered. It could be a service to aid an
older adult’s daily life by providing information [48,49] or
services to detect abnormal eventsin an older adult’s activities
toinform aformal or informal caregiver [50,51]. Ashedlth care
servicesrequire anumber of technologiesto run, user acceptance
of the technologies used should be evaluated to validate their
effectiveness. We found a few studies that conducted user
acceptance testing on health care services; however, the target
user groupswere young people[52,53] rather than older adults.
Moreover, other studies aimed at older adults used a stationary
device at a nonindividual residence [54] or used 2D visual
components only [55].
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To perceive an older adult’s state precisaly, it is favorable to
use as many datatypes as possible instead of asingle datatype
because of the different levels of richness of the identifiable
information. For example, a passive infrared motion sensor
could identify a person's presence in a place; however,
information from biosignals that are useful to understand a
person’s physical and mental states could not beidentified [56].
Pinto et al [57] even used severa types of data, such as an
accelerometer, room temperature, and body temperature, to
track a person’s states, however, the necessity of additional
sensorsfor collecting aperson’svital signalsto monitor in-depth
body conditions was stated as future work. In fact, researchers
have attempted to use different types of 10T sensors to gather
various types of data to understand a person’s state in detail
with reliable accuracy [58,59]. The activities of daily living
[60,61] and a person’s physical state [62,63] are examples of
data that health monitoring systems use. Furthermore, with the
growing scale of data quantity and the increasing data
complexity, the data analysis method is shifting to use machine
learning for improving system performance and handling
large-scale data effectively [64-68]. The advantages of data
diversity and machine learning adaptation in a smart health
monitoring system are decent. Moreover, we found similar
advantages of using multiple data with machine learning in the
study by Shahid et al [14]. In the study by Shahid et al [14],
various indoor sensors such as door, motion, and power plug
sensors were used to collect data, whereas specific sensor data
were used in the algorithm that was designed to track an older
adult’s daily activities with reliable accuracy. When abnormal
behavior was detected, an SMS text message was sent to a
resident's formal or informal caregiver to inform of the
abnormality.

However, we wanted to go astep further than SM Stext message
notification for delivering information to users, including ol der
adults and their formal and informal caregivers. As there was
an explicit need for an app communicated by participants
throughout the VO project, SM S text message notification was
used only for notifying abnormal events; however, our app can
highlight or visualize different aspects of the older adult's
activitiesin detail. Well-designed data visualization could help
auser understand information more quickly and easily, thereby
expanding the data accessihility to those who might have an
obstacle to using such a mobile health care app. Accordingly,
we developed the Uls, the map view, tile view, and AR view,
for our app based on the data from the study by Shahid et a
[14].

Regarding the user experience, several researchers have
evaluated AR on different devices, such as smartphones[9,69],
tablets [26], a projector [10], and head-mounted displays
(HMDs) [11,12,70], to find a beneficial aspect of using it in
health care. Using an HMD sounds promising for AR apps as
a camera on an HMD is always available. In contrast, other
devices require extra effort, such as holding a smartphone to
view and installing acamerathat linksto a projector for motion
capture. However, we chose tablets asatarget device for running
our app for the following reasons. First, HMDs are uncommon
in ahouse where an older adult lives alone. Second, asthetarget
user group is an older generation aged >50 years, HMDs are
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inconvenient to use frequently because of the weight on the
head compared with atablet.

AR brings with it 2 strengths for use in the domain of smart
health care. First, AR helps engage and motivate usersto use a
system continuoudly. Once the users become familiar with using
AR, they will accept the technology. Although severa
researchers have conducted user evaluations of AR for older
adultsin health care domain [12,26] and games [71,72], there
is limited research on the user experience aspect of AR with
older adults in the smart health care domain. Second, AR
enhances the intuitiveness of data presentation [15]. As the
target user group of our study was aged >50 years, the data
readability on a screen is important from a user perspective.
The purpose of ahealth-monitoring app isto convey information
correctly in an easy-to-understand manner; hence, low
readability would cause inconvenience for using the app. On
the basis of these strengths of AR, thefacefilter could be helpful
for older adults in a health care scenario. The face filter is a
well-known technique that combines AR and facial feature
detection to overlay AR contents onto the user’s face on social
networking services such as Facebook, Instagram, and Snapchat.
Javornik et a [73] found that using a face filter for
communication can boost social interaction between people. In
addition, sending older adults' facesto their formal or informal
caregivers is equal to sending complementary data to others,
thereby making older adults more actively participate in their
health care [74]. Despite the verified beneficial aspects of face
filters, Javornik et a [73] drew their results from a younger
generation aged between 19 and 35 years, hence, user
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evaluations of face filters with older adults are missing.
Therefore, we chose to conduct a user evaluation and examine
the level of acceptance of the face filter by older adults. For
displaying the sensor data, Hadj Sassi and Chaari Fourati [15]
had to prepare a printed marker to display AR. However, in our
work, we overcame this limitation by using AR as afacefilter.

Conclusions

The need for caring services grows year by year while the
resources to support them are limited. To lighten the burden on
caregivers, we designed an assistive app for older adult
well-being. The app supportsall 3important roles: older adults,
formal caregivers, and informal caregivers. We conducted user
evaluations regarding an overall impression of the app and user
acceptance in terms of ease of use and usefulness of the Uls.
We designed the app’s UIsusing commercial apps and feedback
from the participantsin theiVO project. Each Ul was designed
to deliver data intuitively, thus enabling the user to obtain
information quickly and easily. In addition, the AR is applied
asafacefilter to present information in amore engaging format
for older adults and caregivers. Our app received a positive
overal response from the user evaluation, and we identified
that specific user groups preferred each Ul and modality for
several reasons. Accordingly, we conclude that supporting
multiple Uls and interaction modalitiesis essential. We expect
that our resultswill provideinsight to researchersand developers
on how to design an app and Ul to provide a better user
experiencein the older adult health care domain. Asfuturework,
we intend to conduct long-term user evaluations of our app to
build on end-user perspectives with specific task-based analysis.

Theauthorswould like to thank the pilot households and their informal caregiversand theformal caregiver team from Municipality
Home-care Services of the Skellefted municipality. Thiswork was supported by the Swedish Governmental Agency for Innovation
Systems (grant 2017-02807) in a project about Internet of Things in health and care.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Flowchart of each user interface.
[DOCX File, 172 KB-Multimedia Appendix 1]

Multimedia Appendix 2

User flow of each user interface.
[DOCX File, 1883 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Shared and unique features of the user interfaces.
[DOCX File, 25 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Interview questions.
[DOCX File, 19 KB-Multimedia Appendix 4]

https://humanfactors.jmir.org/2023/1/e42145

JMIR Hum Factors 2023 | vol. 10 | e42145 | p. 18
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app1.docx&filename=70e6b2a2e2904587586aff7283ba1cba.docx
https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app1.docx&filename=70e6b2a2e2904587586aff7283ba1cba.docx
https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app2.docx&filename=da98227f91505cfc2157eba871fb8743.docx
https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app2.docx&filename=da98227f91505cfc2157eba871fb8743.docx
https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app3.docx&filename=da18b2bb2b188487fa16177642c691ea.docx
https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app3.docx&filename=da18b2bb2b188487fa16177642c691ea.docx
https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app4.docx&filename=72047d538bea7a9cfc7bb72fe94b1fd4.docx
https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app4.docx&filename=72047d538bea7a9cfc7bb72fe94b1fd4.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Kimet d

Multimedia Appendix 5

Q-Q plots of the mean of each scale per person.
[DOCX File, 42 KB-Multimedia Appendix 5]

Multimedia Appendix 6

Means, SDs, and Cls of the User Experience Questionnaire items.
[DOCX File, 25 KB-Multimedia Appendix 6]

Multimedia Appendix 7

Summary of interview answers.
[DOCX File, 33 KB-Multimedia Appendix 7]

References

1. World Population Ageing 2020: Highlights: Living Arrangements of Older Persons. United Nations Department of Economic
and Social Affairs, Population Division. New York, NY, USA: United Nations; 2021 Jan. URL : https.//tinyurl.com/4z2{8m5m
[accessed 2023-03-01]

2. Projected future growth of older population. Administration for Community Living. 2021. URL: https.//acl.gov/
aging-and-disability-in-america/data-and-research/proj ected-future-growth-ol der-popul ation [accessed 2022-01-13]

3. Caregiving in the United States 2020. National Alliance for Caregiving and American Association of Retired Persons.
Washington, DC, USA: AARP; 2020 May. URL : https.//www.aarp.org/ppi/info-2020/caregiving-in-the-united-states.html
[accessed 2022-01-13]

4. LiY, Mutchler JE. Older adults and the economic impact of the COVID-19 pandemic. JAging Soc Policy
2020;32(4-5):477-487. [doi: 10.1080/08959420.2020.1773191] [Medline: 32543304]

5. Penteado CT, Loureiro JC, PaisMV, Carvalho CL, Sant'‘AnaLF, Valiengo LC, et . Mental health status of psychogeriatric
patients during the 2019 new coronavirus disease (COV1D-19) pandemic and effects on caregiver burden. Front Psychiatry
2020 Nov 17;11:578672 [FREE Full text] [doi: 10.3389/fpsyt.2020.578672] [Medline: 33312138]

6.  Al-khafgjiiy M, Baker T, Chalmers C, Asim M, Kolivand H, Fahim M, et a. Remote health monitoring of elderly through
wearable sensors. Multimed Tools Appl 2019 Jan 24;78(17):24681-24706. [doi: 10.1007/s11042-018-7134-7)

7. deMedeiros HP, Girao G. An loT-based air quality monitoring platform. In: Proceedings of the 2020 | EEE | nternational
Smart Cities Conference. 2020 Presented at: |SC2 '20; September 28-October 1, 2020; Piscataway, NJ, USA p. 1-6. [doi:
10.1109/1SC251055.2020.9239070]

8. MongeJ, Postolache O. Augmented reality and smart sensors for physical rehabilitation. In: Proceedings of the 2018
International Conference and Exposition on Electrical And Power Engineering. 2018 Presented at: EPE '18; October 18-19,
2018; lasi, Romaniap. 1010-1014. [doi: 10.1109/icepe.2018.8559935]

9. Khan A, Khusro S. Smart assist: smartphone-based drug compliance for elderly people and people with special needs. In:
Khan F, Jan MA, Alam M, editors. Applications of Intelligent Technologiesin Healthcare. Cham, Switzerland: Springer
Internationa Publishing; 2019:99-108.

10. Park YJ, RoH, Lee NK, Han TD. Deep-cARe: projection-based home care augmented reality system with deep learning
for elderly. Appl Sci 2019 Sep 17;9(18):3897. [doi: 10.3390/app9183897)

11. Ghorbani F, KiaM, Delrobael M, Rahman Q. Evaluating the possibility of integrating augmented reality and Internet of
Things technologies to help patients with Alzheimer’s disease. In: Proceedings of the 26th National and 4th International
Iranian Conference on Biomedical Engineering. 2019 Presented at: ICBME '19; November 27-28, 2019; Tehran, Iran p.
139-144. [doi: 10.1109/icbme49163.2019.9030404]

12. Mostgjeran F, Steinicke F, ArizaNunez OJ, Gatsios D, Fotiadis D. Augmented reality for older adults: exploring acceptability
of virtual coaches for home-based balance training in an aging population. In: Proceedings of the 2020 CHI Conference
on Human Factorsin Computing Systems. 2020 Apr Presented at: CHI '20; April 25-30, 2020; Honolulu, HI, USA p. 1-12.
[doi: 10.1145/3313831.3376565]

13. Ett forsta steg mot stor samhallsnytta. Skellefted kommun. URL: https://skelleftea.se/digitalisering/digitalisering-i-
skell eftea-kommun/arkiv/iot/2020-12-31-ett-forsta-steg-mot-stor-samhal | snytta [accessed 2022-08-30]

14. Shahid ZK, Saguna S, Ahlund C. Detecting anomaliesin daily activity routines of older personsin single resident smart
homes: proof-of-concept study. IMIR Aging 2022 Apr 11;5(2):e28260 [FREE Full text] [doi: 10.2196/28260] [Medline:
35404260]

15. Hadj Sassi MS, Chaari Fourati L. Architecturefor visualizing indoor air quality datawith augmented reality based cognitive
Internet of Things. In: Proceedings of the 34th International Conference on Advanced Information Networking and
Applications. 2020 Presented at: AINA '20; April 15-17, 2020; Caserta, Italy p. 405-418. [doi:
10.1007/978-3-030-44041-1_37]

https://humanfactors,jmir.org/2023/1/e42145 JMIR Hum Factors 2023 | vol. 10 | e42145 | p. 19
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app5.docx&filename=2ac51fccc93696a7ba3a09ccafb279dd.docx
https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app5.docx&filename=2ac51fccc93696a7ba3a09ccafb279dd.docx
https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app6.docx&filename=c8337b86f4f70ae817201fee75e13ddc.docx
https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app6.docx&filename=c8337b86f4f70ae817201fee75e13ddc.docx
https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app7.docx&filename=77df7fba4c272c3e35f78770546d24d7.docx
https://jmir.org/api/download?alt_name=humanfactors_v10i1e42145_app7.docx&filename=77df7fba4c272c3e35f78770546d24d7.docx
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/undesa_pd-2020_world_population_ageing_highlights.pdf
https://acl.gov/aging-and-disability-in-america/data-and-research/projected-future-growth-older-population
https://acl.gov/aging-and-disability-in-america/data-and-research/projected-future-growth-older-population
https://www.aarp.org/ppi/info-2020/caregiving-in-the-united-states.html
http://dx.doi.org/10.1080/08959420.2020.1773191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32543304&dopt=Abstract
https://europepmc.org/abstract/MED/33312138
http://dx.doi.org/10.3389/fpsyt.2020.578672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33312138&dopt=Abstract
http://dx.doi.org/10.1007/s11042-018-7134-7
http://dx.doi.org/10.1109/ISC251055.2020.9239070
http://dx.doi.org/10.1109/icepe.2018.8559935
http://dx.doi.org/10.3390/app9183897
http://dx.doi.org/10.1109/icbme49163.2019.9030404
http://dx.doi.org/10.1145/3313831.3376565
https://skelleftea.se/digitalisering/digitalisering-i-skelleftea-kommun/arkiv/iot/2020-12-31-ett-forsta-steg-mot-stor-samhallsnytta
https://skelleftea.se/digitalisering/digitalisering-i-skelleftea-kommun/arkiv/iot/2020-12-31-ett-forsta-steg-mot-stor-samhallsnytta
https://aging.jmir.org/2022/2/e28260/
http://dx.doi.org/10.2196/28260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35404260&dopt=Abstract
http://dx.doi.org/10.1007/978-3-030-44041-1_37
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Kimet d

16. Rost T, Stein J, Lobner M, Kersting A, Luck-Sikorski C, Riedel-Heller SG. User acceptance of computerized cognitive
behavioral therapy for depression: systematic review. JMed Internet Res 2017 Sep 13;19(9):e€309 [FREE Full text] [doi:
10.2196/jmir.7662] [Medline: 28903893]

17. Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Q 1989
Sep; 13(3):319-340. [doi: 10.2307/249008]

18. Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information technology: toward a unified view. MIS
Q 2003 Sep;27(3):425-478. [doi: 10.2307/30036540]

19. Dillon A, Morris MG. User acceptance of new information technology - theories and models. Annu Rev Inf Sci Technol
1996;14(4):3-32 [FREE Full text]

20. Farage MA, Miller KW, Ajayi F, Hutchins D. Design principles to accommodate older adults. Glob JHealth Sci 2012 Feb
29;4(2):2-25 [FREE Full text] [doi: 10.5539/gjhs.v4n2p2] [Medline: 22980147)

21. Guerero Huerta AG, Hernandez Rubio E, Meneses Viveros A. Interaction modalities for augmented reality in tablets for
older adults. In: Proceedings of the 19th International Conference on Human-Computer Interaction — Posters' Extended
Abstracts. 2017 Presented at: HCI '17; July 9-14, 2017; Vancouver, Canadap. 427-434. [doi: 10.1007/978-3-319-58753-0_61]

22. Morey SA, Stuck RE, Chong AW, Barg-Walkow LH, Mitzner TL, Rogers WA. Mobile health apps: improving usability
for older adult users. Ergon Des 2019 Oct;27(4):4-13. [doi: 10.1177/1064804619840731]

23. OuraRing: Accurate Health Information Accessible to Everyone. Oura Ring. URL: https://ouraring.com [accessed
2022-08-30]

24. i0S- Home. Apple. URL: https://www.apple.com/ios/home/ [accessed 2022-08-30]

25.  KimJC, Saguna S, Ahlund C, Mitra K. Augmented reality-assisted healthcare system for caregivers in smart regions. In:
Proceedings of the 2021 IEEE International Smart Cities Conference. 2021 Presented at: |SC2 '21; September 7-10, 2021,
Manchester, UK p. 1-7. [doi: 10.1109/isc253183.2021.9562927]

26. LoBianco M, Pedell S, Renda G. A health industry perspective on augmented reality as a communication tool in elderly
fall prevention. In: Proceedings of the International Symposium on Interactive Technology and Ageing Populations. 2016
Presented at: ITAP '16; October 20-22, 2016; Kochi, Japan p. 1-11. [doi: 10.1145/2996267.2996268]

27. Oviatt S. Ten myths of multimodal interaction. Commun. ACM 1999 Nov;42(11):74-81. [doi: 10.1145/319382.319398]

28. Janlert LE, Stolterman E. Complex interaction. ACM Trans Comput Hum Interact 2008 May 21;17(2):8. [doi:
10.1145/1746259.1746262)

29. ChunYJ, Patterson PE. A usability gap between older adults and younger adults on interface design of an internet-based
telemedicine system. Work 2012;41 Suppl 1:349-352. [doi: 10.3233/WOR-2012-0180-349] [Medline: 22316747]

30. Saguna$S, Ahlund C, Larsson A. Experiences and challenges of providing |oT-based carefor elderly in real-life smart home
environments. In: Ranjan R, MitraK, Jayaraman PP, Wang L, Zomaya AY, editors. Handbook of Integration of Cloud
Computing, Cyber Physical Systems and Internet of Things. Cham, Switzerland: Springer; 2020:255-271.

31. Augmented Facesintroduction | ARCore. Google Developers. 2022. URL: https://devel opers.google.com/ar/devel op/
augmented-faces [accessed 2022-02-06]

32. Laugwitz B, Held T, Schrepp M. Construction and evaluation of a user experience questionnaire. In: Proceedings of the
4th Symposium of the Workgroup Human-Computer Interaction and Usability for Education and Work. 2008 Presented
at: USAB '08; November 20-21, 2008; Graz, Austria p. 63-76. [doi: 10.1007/978-3-540-89350-9_6]

33. Voigt P, von dem Bussche A. The EU General Data Protection Regulation (GDPR): A Practical Guide. Cham, Switzerland:
Springer; 2017.

34. Schrepp M, Hinderks A, Thomaschewski J. Construction of a benchmark for the user experience questionnaire (UEQ). Int
Jlnteract Multimed Artif Intell 2017;4(4):40-44. [doi: 10.9781/ijimai.2017.445]

35. HinderksA, Schrepp M, Thomaschewski J. User Experience Questionnaire (UEQ). 2018. URL : https://www.ueg-online.org/
[accessed 2022-02-13]

36. SadafaJ. The Coding Manual for Qualitative Researchers. 3rd edition. Thousand Oaks, CA, USA: Sage Publications;
2016.

37. Raskin J. Viewpoint: intuitive equals familiar. Commun ACM 1994 Sep;37(9):17-18. [doi: 10.1145/182987.584629]

38. Benzel EC, Orr RD. A steep learning curve isagood thing!. Spine J 2011 Feb;11(2):131-132. [doi:
10.1016/j.spinee.2010.12.012] [Medline: 21296296]

39. LeungR, Tang C, Haddad S, Mcgrenere J, Graf P, Ingriany V. How older adults learn to use mobile devices. survey and
field investigations. ACM Trans Access Comput 2012 Dec;4(3):11. [doi: 10.1145/2399193.2399195]

40. Kascak LR, RebolaCB, Sanford JA. Integrating universal design (UD) principles and mobile design guidelinesto improve
design of mobile health applications for older adults. In: Proceedings of the 2014 | EEE International Conference on
Healthcare Informatics. 2014 Presented at: ICHI '14; September 15-17, 2014; Verona, Italy p. 343-348. [doi:
10.1109/ichi.2014.54]

41. lancul, lancu B. Designing mobile technology for elderly. A theoretical overview. Technol Forecast Soc Change 2020
Jun;155:119977. [doi: 10.1016/].techfore.2020.119977]

42. Hennink M, Kaiser BN. Sample sizes for saturation in qualitative research: a systematic review of empirical tests. Soc Sci
Med 2022 Jan;292:114523 [FREE Full text] [doi: 10.1016/j.socscimed.2021.114523] [Medline: 34785096]

https://humanfactors,jmir.org/2023/1/e42145 JMIR Hum Factors 2023 | vol. 10 | e42145 | p. 20

(page number not for citation purposes)


https://www.jmir.org/2017/9/e309/
http://dx.doi.org/10.2196/jmir.7662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28903893&dopt=Abstract
http://dx.doi.org/10.2307/249008
http://dx.doi.org/10.2307/30036540
https://repository.arizona.edu/bitstream/handle/10150/105584/AdArist96.pdf?sequence=1&isAllowed=y
https://europepmc.org/abstract/MED/22980147
http://dx.doi.org/10.5539/gjhs.v4n2p2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22980147&dopt=Abstract
http://dx.doi.org/10.1007/978-3-319-58753-0_61
http://dx.doi.org/10.1177/1064804619840731
https://ouraring.com
https://www.apple.com/ios/home/
http://dx.doi.org/10.1109/isc253183.2021.9562927
http://dx.doi.org/10.1145/2996267.2996268
http://dx.doi.org/10.1145/319382.319398
http://dx.doi.org/10.1145/1746259.1746262
http://dx.doi.org/10.3233/WOR-2012-0180-349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22316747&dopt=Abstract
https://developers.google.com/ar/develop/augmented-faces
https://developers.google.com/ar/develop/augmented-faces
http://dx.doi.org/10.1007/978-3-540-89350-9_6
http://dx.doi.org/10.9781/ijimai.2017.445
https://www.ueq-online.org/
http://dx.doi.org/10.1145/182987.584629
http://dx.doi.org/10.1016/j.spinee.2010.12.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21296296&dopt=Abstract
http://dx.doi.org/10.1145/2399193.2399195
http://dx.doi.org/10.1109/ichi.2014.54
http://dx.doi.org/10.1016/j.techfore.2020.119977
https://linkinghub.elsevier.com/retrieve/pii/S0277-9536(21)00855-8
http://dx.doi.org/10.1016/j.socscimed.2021.114523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34785096&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Kimet d

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Malterud K, Siersma VD, Guassora AD. Sample size in qualitative interview studies: guided by information power. Qual
Health Res 2016 Nov;26(13):1753-1760. [doi: 10.1177/1049732315617444] [Medline: 26613970]

Nielsen J, Landauer TK. A mathematical model of the finding of usability problems. In: Proceedings of the INTERACT
'93 and CHI '93 Conference on Human Factorsin Computing Systems. 1993 May Presented at: CHI '93; April 24-29, 1993;
Amsterdam, The Netherlands p. 206-213. [doi: 10.1145/169059.169166]

Hertzum M. Usability Testing: A Practitioner's Guide to Evaluating the User Experience. Cham, Switzerland: Springer;
2020.

Baig MM, Afifi S, GholamHosseini H, MirzaF. A systematic review of wearable sensors and 10T-based monitoring
applications for older adults - afocus on ageing population and independent living. JMed Syst 2019 Jun 15;43(8):233.
[doi: 10.1007/s10916-019-1365-7] [Medline: 31203472]

Pramanik PK, Upadhyaya BK, Pal S, Pal T. Internet of things, smart sensors, and pervasive systems: enabling connected
and pervasive healthcare. In: Dey N, Ashour AS, Bhatt C, Fong SJ, editors. Healthcare Data Analytics and Management:
A Volumein Advances in Ubiquitous Sensing Applications for Healthcare. Cambridge, MA, USA: Academic Press,
2019:1-58.

Bordlli E, Paolini G, Antoniazzi F, Barbiroli M, Benassi F, Chesani F, et a. HABITAT: an loT solution for independent
elderly. Sensors (Basel) 2019 Mar 12;19(5):1258 [FREE Full text] [doi: 10.3390/s19051258] [Medline: 30871107]
Abdul Minaam DS, Abd-EL fattah M. Smart drugs:improving healthcare using smart pill box for medicine reminder and
monitoring system. Future Comput Inform J 2018 Dec;3(2):443-456. [doi: 10.1016/j.fcij.2018.11.008]

Maimoon L, Chuang J, Zhu H, Yu S, Peng KS, Prayakarao R, et a. SilverLink: developing an international smart and
connected home monitoring system for senior care. In: Proceedings of the 2016 International Conference on Smart Health.
2017 Presented at: ICSH '16; December 24-25, 2016; Haikou, China p. 65-77. [doi: 10.1007/978-3-319-59858-1 7]
Bellagente P, Crema C, Depari A, Ferrari P, Flammini A, Lanfranchi G, et al. Remote and non-invasive monitoring of
elderly in asmart city context. In: Proceedings of the 2018 |EEE Sensors Applications Symposium. 2018 Presented at:
SAS'18; March 12-14, 2018; Seoul, South Korea p. 1-6. [doi: 10.1109/sas.2018.8336732]

Liu K, Tao D. Theroles of trust, personalization, loss of privacy, and anthropomorphism in public acceptance of smart
healthcare services. Comput Human Behav 2022 Feb;127:107026. [doi: 10.1016/j.chb.2021.107026]

Tao D, Shao F, Wang H, Yan M, Qu X. Integrating usability and socia cognitive theories with the technology acceptance
model to understand young users acceptance of ahealth information portal . Health Informatics J 2020 Jun;26(2):1347-1362
[FREE Full text] [doi: 10.1177/1460458219879337] [Medline: 31603378]

Tseng KC, Hsu CL, Chuang Y H. Designing an intelligent health monitoring system and exploring user acceptance for the
elderly. JMed Syst 2013 Dec;37(6):9967. [doi: 10.1007/s10916-013-9967-y] [Medline: 24037138]

Alsswey A, Al-Samarraie H. Elderly users’ acceptance of mHealth user interface (Ul) design-based culture: the moderator
role of age. J Multimodal User Interfaces 2020;14(1):49-59. [doi: 10.1007/s12193-019-00307-w]

Ohta S, Nakamoto H, Shinagawa Y, Tanikawa T. A health monitoring system for elderly people living alone. J Telemed
Telecare 2002;8(3):151-156. [doi: 10.1177/1357633X 0200800305] [Medline: 12097176]

Pinto S, Cabral J, Gomes T. We-care: an |0T-based health care system for elderly people. In: Proceedings of the 2017 IEEE
International Conference on Industrial Technology. 2017 Presented at: ICIT '17; March 22-25, 2017; Toronto, Canada p.
1378-1383. [doi: 10.1109/icit.2017.7915565]

Peetoom KK, Lexis MA, Joore M, Dirksen CD, De Witte LP. Literature review on monitoring technologies and their
outcomes in independently living elderly people. Disabil Rehabil Assist Technol 2015 Jul;10(4):271-294. [doi:
10.3109/17483107.2014.961179] [Medline: 25252024]

Cajamarca G, Herskovic V, Rossel PO. Monitoring older adults? Health information using mobile technology: a systematic
literature review. In: Proceedings of 13th International Conference on Ubiquitous Computing and Ambient Intelligence.
2019 Presented at: UCAmI '19; December 2-5, 2019; Toledo, Spain p. 62. [doi: 10.3390/proceedings2019031062]

Seo D, Yoo B, Ko H. Data-driven smart home system for elderly people based on web technologies. In: Proceedings of the
4th International Conference on Distributed, Ambient and Pervasive | nteractions. 2016 Presented at: DAPI '16; July 17-22,
2016; Toronto, Canada p. 122-131. [doi: 10.1007/978-3-319-39862-4 12]

Hu R, Pham H, Buluschek P, Gatica-Perez D. Elderly peopleliving alone: detecting home visits with ambient and wearable
sensing. In: Proceedings of the 2nd International Workshop on Multimedia for Personal Health and Health Care. 2017
Presented at: MMHealth '17; October 23, 2017; Mountain View, CA, USA p. 85-88. [doi: 10.1145/3132635.3132649]
Banka S, Madan |, Saranya SS. Smart healthcare monitoring using 10T. Int JAppl Eng Res 2018;13(15):11984-11989
[EREE Full text]

Isam MM, Rahaman A, Islam MR. Development of smart healthcare monitoring system in 10T environment. SN Comput
Sci 2020;1(3):185 [FREE Full text] [doi: 10.1007/s42979-020-00195-y] [Medline: 33063046]

Saraubon K, Anurugsa K, Kongsakpaibul A. A smart system for elderly care using 10T and mobile technologies. In:
Proceedings of the 2018 2nd International Conference on Software and e-Business. 2018 Dec Presented at: ICSEB '18;
December 18-20, 2018; Zhuhai, China p. 59-63. [doi: 10.1145/3301761.3301769)]

https://humanfactors,jmir.org/2023/1/e42145 JMIR Hum Factors 2023 | vol. 10 | e42145 | p. 21

(page number not for citation purposes)


http://dx.doi.org/10.1177/1049732315617444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26613970&dopt=Abstract
http://dx.doi.org/10.1145/169059.169166
http://dx.doi.org/10.1007/s10916-019-1365-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31203472&dopt=Abstract
https://www.mdpi.com/resolver?pii=s19051258
http://dx.doi.org/10.3390/s19051258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30871107&dopt=Abstract
http://dx.doi.org/10.1016/j.fcij.2018.11.008
http://dx.doi.org/10.1007/978-3-319-59858-1_7
http://dx.doi.org/10.1109/sas.2018.8336732
http://dx.doi.org/10.1016/j.chb.2021.107026
https://journals.sagepub.com/doi/abs/10.1177/1460458219879337?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1460458219879337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31603378&dopt=Abstract
http://dx.doi.org/10.1007/s10916-013-9967-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24037138&dopt=Abstract
http://dx.doi.org/10.1007/s12193-019-00307-w
http://dx.doi.org/10.1177/1357633X0200800305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12097176&dopt=Abstract
http://dx.doi.org/10.1109/icit.2017.7915565
http://dx.doi.org/10.3109/17483107.2014.961179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25252024&dopt=Abstract
http://dx.doi.org/10.3390/proceedings2019031062
http://dx.doi.org/10.1007/978-3-319-39862-4_12
http://dx.doi.org/10.1145/3132635.3132649
https://www.ripublication.com/ijaer18/ijaerv13n15_40.pdf
https://europepmc.org/abstract/MED/33063046
http://dx.doi.org/10.1007/s42979-020-00195-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33063046&dopt=Abstract
http://dx.doi.org/10.1145/3301761.3301769
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Kimet d

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Kheirkhahan M, Nair S, Davoudi A, Rashidi P, Wanigatunga AA, Corbett DB, et al. A smartwatch-based framework for
real-time and online assessment and mobility monitoring. J Biomed Inform 2019 Jan;89:29-40 [FREE Full text] [doi:
10.1016/}.jbi.2018.11.003] [Medline: 30414474]

Pandey P, LitoriyaR. An 10T assisted system for generating emergency alertsusing routine analysis. Wireless Pers Commun
2020 Jan 14;112(1):607-630. [doi: 10.1007/s11277-020-07064-0]

Delmastro F, Di Martino F, Dolciotti C. Cognitive training and stress detection in MCI frail older people through wearable
sensors and machine learning. |EEE Access 2020 Apr 02;8:65573-65590. [doi: 10.1109/ACCESS.2020.2985301]

Nath RK, Thapliyal H. Smart wristband-based stress detection framework for older adults with cortisol as stress biomarker.
|EEE Trans Consum Electron 2021 Feb;67(1):30-39. [doi: 10.1109/TCE.2021.3057806]

Kanno KM, Lamounier EA, Cardoso A, LopesEJ, Mendesde LimaGF. Augmented reality system for aiding mild Alzheimer
patients and caregivers. In: Proceedings of the 2018 |EEE Conference on Virtual Reality and 3D User Interfaces. 2018
Presented at: VR '18; March 18-22, 2018; Tuebingen/Reutlingen, Germany p. 593-594. [doi: 10.1109/vr.2018.8446143]
Haidon C, Pigot H, Giroux S. Joining semantic and augmented reality to design smart homesfor assistance. JRehabil Assist
Technol Eng 2020 Dec 9;7:2055668320964121 [FREE Full text] [doi: 10.1177/2055668320964121] [Medline: 34422281]
Simdo H, Bernardino A. User centered design of an augmented reality gaming platform for active aging in elderly institutions.
In: Proceedings of the 5th International Congress on Sport Sciences Research and Technology Support. 2017 Presented at:
icSPORTS '17; October 30-31, 2017; Funchal, Portugal p. 151-162 URL : https.//www.scitepress.org/PublishedPapers/
2017/66066/pdf/index.html [doi: 10.5220/0006606601510162]

Chen YF, Janicki S. A cognitive-based board game with augmented reality for older adults: development and usability
study. IMIR Serious Games 2020 Dec 14;8(4):e22007 [FREE Full text] [doi: 10.2196/22007] [Medline: 33315015]
Javornik A, Marder B, Barhorst JB, McLean G, Rogers Y, Marshall P, et al. ‘What lies behind the filter? Uncovering the
motivations for using augmented reality (AR) face filters on social media and their effect on well-being. Comput Human
Behav 2022 Mar;128:107126. [doi: 10.1016/j.chb.2021.107126]

CajamarcaG, Herskovic V, Rossel PO. Enabling older adults' health self-management through self-report and visualization-a
systematic literature review. Sensors (Basal) 2020 Aug 04;20(15):4348 [FREE Full text] [doi: 10.3390/s20154348] [Medline:
32759801]

Abbreviations

AR: augmented reality

HMD: head-mounted display

[oT: Internet of Things

iVO: Internet of Thingswithin health and care
UEQ: User Experience Questionnaire

Ul: user interface

Edited by A Kushniruk; submitted 06.09.22; peer-reviewed by SChoemprayong; commentsto author 27.09.22; revised version received
19.12.22; accepted 24.01.23; published 08.03.23

Please cite as:

Kim JC, Saguna S, Ahlund C

Acceptability of a Health Care App With 3 User Interfaces for Older Adults and Their Caregivers: Design and Evaluation Study
JMIR Hum Factors 2023; 10: 42145

URL: https://humanfactors.jmir.org/2023/1/e42145

doi: 10.2196/42145

PMID:

©Joo Chan Kim, Saguna Saguna, Christer Ahlund. Originally published in IMIR Human Factors (https://humanfactors.jmir.org),
08.03.2023. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Human Factors, is properly cited. The complete bibliographic information,
a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information must be
included.

https://humanfactors,jmir.org/2023/1/e42145 JMIR Hum Factors 2023 | vol. 10 | e42145 | p. 22

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(18)30212-0
http://dx.doi.org/10.1016/j.jbi.2018.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30414474&dopt=Abstract
http://dx.doi.org/10.1007/s11277-020-07064-0
http://dx.doi.org/10.1109/ACCESS.2020.2985301
http://dx.doi.org/10.1109/TCE.2021.3057806
http://dx.doi.org/10.1109/vr.2018.8446143
https://journals.sagepub.com/doi/abs/10.1177/2055668320964121?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055668320964121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34422281&dopt=Abstract
https://www.scitepress.org/PublishedPapers/2017/66066/pdf/index.html
https://www.scitepress.org/PublishedPapers/2017/66066/pdf/index.html
http://dx.doi.org/10.5220/0006606601510162
https://games.jmir.org/2020/4/e22007/
http://dx.doi.org/10.2196/22007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33315015&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2021.107126
https://www.mdpi.com/resolver?pii=s20154348
http://dx.doi.org/10.3390/s20154348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32759801&dopt=Abstract
https://humanfactors.jmir.org/2023/1/e42145
http://dx.doi.org/10.2196/42145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

