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1 ABSTRACT
We consider how visualizations communicating information from
wearable technologies and in-home sensor system data can be
utilized in a mobile application environment to provide older adults
who live alone with the resources necessary to raise and maintain
their autonomy while aging in place. To understand the needs
of older adults, we analyzed smartwatch, sensor, and interview
data from 9 older adults. We �nd that utilizing visualizations that
can re-contextualize personal informatics data through various
time frames, and allowing older adults to share that information,
addresses some of their primary concerns around aging in place.
By having a more general view over their lifestyle, older adults can
make better informed decisions about their self-care, impacting
the need for caregivers and assisted living programs. Our �ndings
encourage developing resources in the �eld of personal informatics
that emphasize the importance of autonomy in aging in place and
having older adults be the primary active agents in such resources.

2 INTRODUCTION
At the current rate of aging the United States is expected to more
than double the amount of older adults (often de�ned as individuals
aged 65 and older) in the population from 2010 to 2050 to around
88.5 million people [20]. As the older adult demographic becomes
more and more numerous, by 2030 it is projected that nearly one
in �ve U.S. resident is aged 65 and older [20]. This is signi�cant as

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for pro�t or commercial advantage and that copies bear this notice and the full citation
on the �rst page. Copyrights for components of this work owned by others than ACM
must be honored. Abstracting with credit is permitted. To copy otherwise, or republish,
to post on servers or to redistribute to lists, requires prior speci�c permission and/or a
fee. Request permissions from permissions@acm.org.
ProHealth REU ’21, May 17–July 9, 2021, Virtual
© 2021 Association for Computing Machinery.
ACM ISBN 978-x-xxxx-xxxx-x/YY/MM. . . $15.00
https://doi.org/10.1145/nnnnnnn.nnnnnnn

there is an increasingly larger fraction of the population that are
experiencing more physical impairments that may be making it
di�cult to live by themselves.

As more of the population ages and the demographic of older
adults continues to increase, considerations for real-time aging in
place systems are getting more attention [independence and inter-
action]. Given that these technologies could supplement, or even
replace the need for traditional caregivers, research into aging in
place has increased in the last few years in the CHI community
despite potential obstacles in the form of ethical considerations
[7]. While general gerontological research in computing is not new,
as there has been work done investigating relations between user
interface design and age [5], this sub-�eld does not focus as much
on speci�city in visualizing health informatics data. In addition, the
use of visualization to convey and communicate health informatics
data is not novel either [14, 17], but, work speci�cally researching
visualizing health informatics data for older adults is much more
sparse [1, 3, 10, 19]. In this paper, we not only investigate what
visualizations could be utilized to display certain health informat-
ics data, but how those visualizations would be implemented and
presented to the user in a way that promotes healthy aging and
self-care.

We investigated the needs of older adults by qualitatively coding
interviews from 9 participants utilizing an online, browser- based
qualitative analysis program called Saturate in order to identify
potential patterns throughout the needs of the older participants.
This led us to creating low �delity prototypes of health informatics
visualizations and the user interface of a mobile software applica-
tion that could display the aforementioned visualizations to the
older adults. The qualitative approach we took to investigating
older adult healthy living needs suggests aging in place systems
should have the older adult user be as active as possible in deciding
what features they can implement from the technology in order
to preserve autonomy. Our three main contributions are a health
informatics data visualization prototype, qualitative results sup-
porting the older adult’s social and personal concerns to maintain
their autonomy, and design suggestions for the community.

3 RELATEDWORKS
This section primarily discusses these categories: Older Adults
and Technology, Aging in Place, and Data Visualizations for Older
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Adults. Emphasizing the relationship many older adults have, par-
ticularly relating to their needs, with technology cannot be un-
derstated as it formed the foundation of basic functionality in our
application. Additionally, we drew a lot of inspiration on preexisting
aging in place research, particularly when it comes to �nding prac-
tical ways to utilizing sensor data. Finally, understanding where
traditional data visualization techniques succeed and fail when
communicating information to older adults determined the route
we took in designing our own visualizations for the application.

3.1 Older Adults and Technology
As modern medicine progresses ever further and the average hu-
man life expectancy increases accordingly, the number of older
adults that are still alive and in relatively good health increase as
well. The United States Census Bureau projects that by 2030 almost
1 in 5 Americans will be over the age of 65, and by 2050 there will
be around 88.5 million older adults in the country [20]. Given how
large this subset of the population is about to become, it is impor-
tant to �rst understand the needs of this group before researchers
can have systems in place that can address their needs. In current
literature, research has been done to not only highlight the phys-
iological and psychological issues that arise with aging, but also
how ethical considerations around those conditions in�uence the
way researchers should think about these issues. Chung et al. con-
ducted an integrative literature review that established an ethical
framework surrounding integrating smart home technology into
the homes of older adults and found evidence to support that stud-
ies of this nature fail to be ethical if they do not adequately address
the participant’s privacy informed consent, autonomy, equal access,
reduction in human touch, usability, and general obtrusiveness [7].
In particular, Knowles et al. touches upon a majority of these points
as relating to the ’digital divide’, the barrier of entry to technology
for older adults [11], and Brinholtz et al. touches upon most of
the same points brie�y before focusing in on the signi�cance of
informed consent and privacy [2].

As a whole, consumer electronics and general technologies do
not focus on the needs and accommodations necessary for older
adult users unless that technology is speci�cally catered to that
speci�c demographic. This means that even as technology develops
and progresses there are still gaps in what they can provide with
regard to the speci�c needs of an older demographic, without a
clear solution or method that addresses those gaps. While some
of the psychological reasons why an older adult may turn away
from technology have been highlighted previously, considerations
of physical conditions, as Fan et al. points out, may extend beyond
the use of technology but the amount of mobility and environment
intractability an individual has at all. These include barriers like
illness or injuries that when combined with environmental barriers
such as temperature, rain, etc., can serve to further isolate older
adults from the outside world [9]. Which are all considerations
outside of even social factors similar to the ones that Wang et al.
identi�ed; wherein whichmost older adults �nd themselves actively
pursuing the construction and maintenance of their social networks
[21].

While research exists exploring how older adults interact with
technology in general, there has not been enough investigations

around how older adult’s physical limitations and technology in-
teract, or how a generation that was raised with less commercially
available digital technology interacts with modern digital media
when consuming or producing information. If technology has so
many gaps in general aspects of older living, what needs exist in
order to support older adults who are living alone and attempting
self-care? Our paper aims to �nd a possible answer to that question,
and use that as a guideline to create a technology that can help
empower the autonomy of older adults, and alleviate the di�culties
that arise in older self-care scenarios.

3.2 Aging in Place
There already exists research that either touches or completely
focuses on the idea of maximizing the e�ectiveness of self-care in
older adults and what role technology can play as an instrumental
facet of aging in place technology [8, 15]. Aging in place technolo-
gies are of particular interest to this paper as they are focused on
delivering a service that either indirectly or directly empowers a
user to take care of themselves in one location without their age be-
coming a signi�cantly limiting factor. While foundational research
has been developed focusing on establishing a theory revolving
around aging-in-place[9], and work like Mynatt et al. that provided
a stronger case for looking into cognitive aging exist, it is only in
the more recent years that there has been a large growth in work
looking into making more e�ective aging in place technology. This
is partially due to not just the growing population of older adults,
but also the advent of small non-obtrusive sensors for mapping and
tracking movement within the home [6, 8, 12, 13, 18]. Researchers
have even gone on to work on more specialized use cases for in situ
sensors, such as in the case of Radziszweski et al. assessing the e�-
cacy of assisted living technologies as an ambient support system
for elderly individuals with Alzheimer’s dementia and nighttime
wandering [16]. Even if these technologies are implemented, from
the perspective of self-care a new issue arises. For a generation that
already struggles from the aforementioned ’digital divide’, how is
the e�ective communication of these results to an older individual
achieved?

3.3 Data Visualizations for Older Adults
A key area of focus of particular interest to this study is the e�cacy
of the communication of information through a digital medium
to older adults. There are countless publications dissecting and
analysing fundamental principles of data visualization design, how
e�ective they are, and why it is that they work. At this time, work
in HCI, aging in place, and research into visualization of health in-
formatics data does exist [[14, 17]. But as Backonja et al. illustrates
through their study identifying and evaluating 251 publications
with visualizations for older adults, few informatics tools have been
speci�cally developed to support older adults and as a consequence
of methodological limitations, are not useful for older adults as re-
sources to manage their health [1]. Work in this �eld does exist [10],
but existing literature acknowledges the need for further research to
better understand how current methods of visualizing and commu-
nicating information need to be manipulated to address the needs
of older adults. Additionally for our paper, it is relevant to mention
that even the use of more developed self-tracking technologies such
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as wearable smartwatches may not yet be at a point where older
adults can utilize them for e�ective self-care. While researchers like
White point out that the traditionally routine behaviour of older
adults make them prime targets for wearable aging devices [22],
Caldeira et al. points out that the majority of such technologies are
either made for or based o� of designs traditionally developed for
younger populations and as such, because older adults’ self-track
practices di�er from these younger populations, they may not be
su�cient to support senior self-care [4].

4 METHODS
4.1 Utilizing Existing Scienti�c Literature to

Identify Foundational Needs of Older
Adults with Technology

In accordance with our related works section we delved deeper
into existing scienti�c literature to establish further needs for older
adults with respect to technology. Speci�cally we looked into ex-
isting literature that addressed or completely focused on aging in
place technologies and senior-centered human computer interac-
tion design without compromising the autonomy of older adults.
While there exists extensive studies on potential technological inno-
vations in external monitoring for older adults, the idea of self-care
in the hands of older adults is relatively more novel and requires
more extensive research.

While consulting the literature it became readily apparent that
main developmental challenges for technologies in aging in place
and self-care included respecting individual agency and autonomy,
e�ectively communicating information to a generation not as fa-
miliar with modern technological interfaces, and understanding
the current self-care needs of older adults. These main concerns
became guiding principles that we maintained during every part of
the technology’s developmental process and were key safeguards
against cultural or age biases that we as researchers would have
when analyzing quantitative data. They also were instrumental
in allowing us to further contextualize our qualitative data, and
to maintain a more human centered approach when ideating and
prototyping.

This was key to our research because of the emphasis current
literature places on the need to better identify, understand, and
address potential oversights onto older adults’ needs when devel-
oping aging in place and self-care technologies. This study aimed
to further focus on and better the understanding of older adults,
how they obtain and retain information from digital media, and
what mental and physical needs could be addressed with current
technological capabilities.

4.2 Participants
Conducting research under the HomeSHARE initiative meant that
for this paper, the participants, sensor data, smartwatch data, and
interview data were all pulled from preexisting HomeSHARE infras-
tructure project research. Additionally, in accordance with previous
HomeSHARE initiative research [[10], [18]], all participants were
aged 65 and over at the start of the data collecting period, and lived
alone throughout the entire data collecting period.

4.3 Analysing Interviews to Understand
Participants’ Daily Routine

To capitalize on the needs of older adults, we needed a direct method
of obtaining explicit needs and identifying implicit needs with re-
gard to self-care. As such we transcribed interviews from nine
HomeSHARE participants and formatted them in such a way that
spoken text was separated by speaker, and every spoken line was
separated by a timestamp corresponding to the exact time a sen-
tence was spoken in the HomeSHARE interviews. Utilizing the
online browser qualitative coding application Saturateapp, we de-
veloped dozens of di�erent codes pertaining to information that
may hold signi�cance to a participant’s self-care and level of au-
tonomy through open coding. These ranged from locations around
their homes, technologies that they interact with, and aspects from
their daily routine. From these codes 11 unique categories were
identi�ed: activity, alerts, covid, devices, health, location, needs,
questions, routine, security, and wants. 10 of the 11 categories were
selected because they covered a broad enough area of needs that
would allow us to �nd patterns to address potential self-care bene-
�ts. Due to the nature of the pandemic, and the potential for later
looking into how COVID-19 has e�ected the lives of these partic-
ipants, a "covid" code was created in order to "tag", or categorize,
any and all information pertaining to lifestyle changes due to the
pandemic. This is not explicitly used for the scope of this paper, but
is mentioned again in the future work section as an additional con-
sideration that could be made in future iterations of this research.

Originally, we began a qualitative analysis on the interview
transcripts with the perspective that these older adults would need
help increasing their own autonomy in order to help address their
self-care needs. Upon further analysis of the participant interview
transcripts, our qualitative �ndings suggest that, at least for our
sample of participants, the older adults still retain a su�ciently
high amount of autonomy for them to be in complete control of
their self-care even with their current ages and varying physical
well-being. This is further elaborated upon in section 5 Findings,
but is important to mention here because of how it impacted our
next steps.

4.4 Setting Design Goals/Prototyping
After concluding our qualitative analysis and determining that the
autonomy of these older participants is at a high enough level to
be considered a fundamental asset in designing. We delved back
into the interviews to identify speci�c needs or wants that any of
the older adults had expressed while speaking. There were a few
points that we found that guided our design process. We started
the investigation with the stipulation that we would have to cre-
ate some kind of infrastructure that utilizes both the sensor and
smartwatch data in order to create visualizations that present the
participant with a more cohesive understanding of their daily lives.
Certain participants provided statements that had direct correlation
to functionality. One participant, after being prompted to see if they
would be interested in how much time they spend in any of the
rooms replied that they would, "...maybe the bathroom? How many
times I use it at night because I have to get up in the night to go [to
the bathroom]." When suggested that the home sensors could be uti-
lized in such a way as to detect unusual activity with respect to the
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daily routines of the participants, one individual expressed interest
as they did not want to burden their loved ones but their greatest
fear is, "dying and nobody knows my body is in here." Those were
the two most direct references we had from the participants.

Based on the direct input from the participants and our own de-
sign goals, we decided that themostwell structured systemwe could
design that would function in conjunction to the smartwatch and
sensor data was a mobile software application that could present the
user with their health informatics data. The application would have
a time structured view, allowing the user to see information such
as sleep disruption and general room usage from a daily, weekly,
monthly, and yearly perspective. It also places the ability to share
this kind of information directly into the user’s hands. Meaning
that they will have the means to have all that critical information
shared to whoever the user deems �t. The next subsection will go
more in depth on functionality and design.

4.5 Software Overview
The main design goals of this software are to empower the older
adult user to make their own informed decisions about self-care
through the use of practical visualizations to communicate health
informatics data, while also providing the older adult with an infras-
tructure in place that can notify loved ones or trusted contacts if the
in home sensors detect potential abnormalities in routine behaviour
to act as an additional form of general well-being security.

From the perspective of the users of an application like the one
this paper proposes, there are two possible pro�le types that a user
can be and can interact with. There is a pro�le speci�cally for the
older adult user and a pro�le for a ’trusted contact’ that the older
adult can select to share their health informatics data with. The
main page of the older user’s pro�le contains four major functions:

1 Status
2 Activity
3 Heart Rate
4 Records

Status will send the user to a page containing a visual list of all the
rooms in their house with in home sensors in it. This feature would
be able to provide users with speci�c data about how much time
they spend, and how often they go to, speci�c rooms in their home.
This information can be organized by time frames as well, with
the default being a daily view, but a weekly, monthly, and yearly
view are also available so that they can see long term trends and
changes in their behaviours over time. The bedroom speci�cally
will have a specialized visualization that can illustrate to the user
how many times a night their sleep is being disrupted, based on a
combination of smartwatch data cataloguing REM sleep and motion
sensors detecting movement outside of the bedroom in traditionally
sleeping hours. Activity will show the user their current step count,
daily step goal, and calories burned as obtained by their wearable
smartwatch. It will also have a resources page for older adults
who are looking to be more physically active, directing them to
organizations and programs such as Renew Active. Heart Rate will
display the user’s current heart rate, daily average, resting average,
and estimated maximum heart rate based on age. Like with the sleep
function in the status feature, the heart rate data will have the ability

to be presented through di�erent time ranges; also incrementing
from a daily view to a weekly, monthly, or yearly view.

In addition to all these features, the application will have a pas-
sive function that will detect potentially anomalous behaviour based
on an average baseline calculated and curated by the older adult
user’s own daily routine. In the event that the application detects
such behaviour, such as staying in bed 1-2 hours longer than usual
or spending more than 45 minutes in the bathroom outside of the
time that the user traditionally showers, a noti�cation can be sent
out to the loved one or trusted individual who has a trusted contact
pro�le connected to the older user. The older user has complete
control as to how much of their information they want to send and
can even select time frames for the trusted contact to receive said in-
formation on a day to day basis so that they are in complete control,
and have a fully autonomous experience utilizing this application
as a supplemental service to their own self-care.

5 PRELIMINARY FINDINGS
As mentioned in Section 4, the qualitative study on HomeSHARE
older adult participants revealed that without serious injuries or un-
derlying conditions, older adult individuals can still take advantage
of their autonomy to great e�ect and more investigation should be
conducted to see to what extent can this autonomy be fully real-
ized through aging in place and HCI research when it pertains to
older adults. More investigation is needed in order to better assess
the impact that autonomy for older adults has when designing an
infrastructure for self-care. There is also not enough conclusive
data to fully develop data visualizations for communicating health
informatics data to older adult individuals.

6 DISCUSSION
6.1 Future Work
The combination of in home motion sensors and wearable health
tracking technology coupled with visualizations that are intuitive
and practical to an older adult, can be a powerful tool to empower
their self-care and healthy aging. We see a lot of potential for a soft-
ware application that can combine these aspects of HCI to enable
older adults, but it is far from ready to be deployed in the home of
an average older adult today. User studies are needed to evaluate
the e�cacy of the visualizations, how receptive and responsive
older adults are to receiving personal health information through
such a medium. User studies are also required on the software in
general, it has yet to be seen how intuitive the interface is, how
individuals respond to the social aspect of sharing potentially sen-
sitive personal information, and whether or not individuals feel
as though their sense of autonomy has been adequately respected.
There is always the possibility for further iterations, getting more
direct feedback, and asking older adults what they would like to see
added to a platform like the one described in this paper and what
would they like to see removed. We also see potential for greater
smart home integration with things like Amazon Alexa and Google
Assistant being a possibility, as well as the potential for integrating
Google services like Calendar. More investigations are required
before it can be determined that a mobile application is the best
way to go about implementing a software such as this, but for now
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we wanted it to be designed on a platform that is as immediately
accessible as possible.

7 CONCLUSION
Our paper serves to emphasize the role that an older adult user’s
own decision making abilities have when designing infrastructure
to help empower how they self care, as well as encourage more
research around e�ective data visualization for older adults. This is
a principle that holds true not just for health informatics data, but
for data visualization in general. The older adult demographic is
only going to keep increasing and research on how to better allow
them to self-care on a daily basis through a structured system for
as long as possible is still a largely unexplored domain.
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