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ABSTRACT
Older adults can experience significant changes to their social networks as they age, triggering changes in their social connection
practices. In this paper, we extend research on older adults’ connectedness behaviors using a multimodal connectedness framing—
that is, how they engage with others across platforms, devices, and
modalities. Using the COVID-19 pandemic as a case study, we investigate how older adults navigate a major change or infrastructural
breakdown in their social routines. We conducted a survey with 146
U.S.-based older adults (65+), and follow-up interviews with a subset of 23 survey respondents. Findings revealed the resilience and
innovation with which older adults adapted their behaviors across
multiple modalities to maintain social relationships and playfully
connect with others in person and online. Using these findings,
we propose that research on designing for aging extend beyond
designing for connection in the smart home; we argue for a design
agenda that prioritizes designing for smart relationships with the
potential to persist across spaces via multimodal connectedness.
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INTRODUCTION

Designing for major life changes or disruptions remains a challenge
in the HCI and design communities. Researchers have studied how
design can be a part of responding to natural disasters, war and
political crises, or infrastructural resource failures (e.g. [1, 64, 86]).
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Such breakdowns of infrastructures will likely require many to
reconfigure aspects of their lives. In this paper, we study one infrastructural breakdown that impacted social connectedness and
engagement for older adults: the COVID-19 pandemic. Drawing
upon aging, connectedness, and infrastructure research, we show
how examining multimodal connectedness can help designers and
researchers to more holistically understand older adult’s repair
and maintenance behaviors in moments of social infrastructural
disruption.
Older adults (ages 65+) experience a range of changes to their
routines and social networks as they age. For example, retirement
limits contact with work-related peers and friends, yet also allows
for more unstructured time to connect with friends and family members. Additionally, younger family members may move out to start
their own families. In these cases, older adults may engage more
with activities that connect them with other older adults. Much
research related to social connectedness and aging emphasizes how
meaningful in-person engagement (e.g., volunteerism [59, 96], religious activities [39], exercise [53], social activities [102, 107]) is
important for successful aging [30, 35] and older adults’ well-being
[75]. Many of these opportunities for social connection rely on
social infrastructures to provide services (e.g., exercise classes) and
maintain social systems (e.g., religious congregations). However,
the coronavirus pandemic (COVID-19) has significantly altered how
older adults engage with other people [21], with federal and state
regulations in the U.S. and globally limiting various social infrastructures and calling for older adults to limit their usual in-person
activities. Limiting in-person social interaction, or disruptions to
once-active social relationships, can negatively impact older adult’s
social well-being and quality of life [25, 31, 75]. Limiting physical touch and close contact can also negatively affect older adults’
health, as found in studies during the COVID-19 pandemic [97].
During the COVID-19 pandemic, we know that many people
have turned more toward technology to create and maintain social
relationships [77], yet we let lack detail about how these changes
have affected social routines of older adults. Recent reports show a
long-term trend of increasing internet, mobile device, and online
community usage by adults over the age of 65 [3, 24, 74]. Yet usage
is more limited for adults over 75 years of age, with lower levels
of education, and lower income [24]. Older adults faced social and
digital exclusion due to COVID-19, yet also encouraged those with
internet access to learn to develop connections online [84]. These
data suggest that an infrastructural breakdown requiring older
adults to rely more on technology for their social routines may
cause challenges, but much remains unknown about their shifting
connectedness practices.
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Researchers within HCI and DIS communities have designed,
developed, and evaluated technologies to facilitate a sense of social
connectedness among older adults, and across older and younger
generations [27, 28, 56, 69, 76]. Yet, each of these technologies were
intended either to supplement in-person interactions with other
people or non-human agents. Moreover, this work tends to focus on
perceptions of a singular artifact. We argue for the value of studying
how older adults engage with others via a range of digital and nondigital tools and mediums—thus we focus on their practices of
multimodal connectedness. Prior work suggests technology non-use
among older adults is not solely due to lack of knowledge, skill,
or access, but can be due to technology not aligning with values
for communication [26, 52, 98, 104]. In this paper, we explore how
COVID-19 affected technology use for a range of older adults, to
understand and inform design for their changing digital social
routines amidst an infrastructural breakdown. We build on design,
aging, and digital social connectedness research by describing older
adults’ values when in-person connection is not feasible, and how
they re-imagine and reconfigure social activities via multimodal
connectedness. We use the COVID-19 pandemic as a case study to
address the following research questions:
• RQ1: How do older adults use technologies for social connection during an infrastructural breakdown?
• RQ2: How are older adults’ needs for social connection met
and/or not met by technology in times of reduced in-person
interaction
To address these questions, we used a mixed-methods approach
to survey U.S.-based older adults (n = 146) on their experiences
while social distancing, and conduct semi-structured follow-up
interviews (n = 23) to understand technology-mediated behaviors.
Survey findings show their technology use increased during this
time of reduced in-person interaction. From interviews, we find that
their needs were not met with regard for intimacy and connection
to large groups. We contribute an empirical understanding of how
older adults perform infrastructural repair, in times of breakdown,
to maintain connections via multimodal connectedness. Specifically,
we show how older adults engage in interpersonal connections from
a distance in times of reduced in-person interaction. We describe
their technology-mediated social connection needs during moments
of isolation, values around intimate interactions, feeling up to date
with loved ones, and continuity with their communities. We draw
on these findings to share design recommendations for technology
that supports the values and needs of older adults in social isolation.
We contribute insights to the DIS community regarding older adults’
unmet needs for intimacy and authenticity with video technology,
as well as opportunities for technology-mediated social connection.

2

RELATED WORK

In this section, we first situate our work within literature on aging,
isolation, and social connectedness. We then connect themes from
this research on aging to infrastructural breakdowns and repair,
explaining how we drew on these concepts to study social routines
through the COVID-19 pandemic.
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2.1

Aging and Social Isolation

Due to typical age-related social changes such as retirement, adult
children moving away, and peers with increased health needs, older
adults (ages 65+) in the United States may experience higher rates
of social isolation and loneliness than other age demographics.
A recent poll shows that nearly one in three older adults in the
U.S. lack companionship and feel isolated [89]. This data is from
2018 and was collected before the COVID-19 pandemic which has
since significantly impacted how older adults connect with other
people. A national poll collected since COVID-19 found that more
than half of older adults (56%) reported feeling isolated from others
compared to 27% in 2018 [62]. This increase in loneliness aligns
with state and federal recommendations for people over the age of
65 to significantly limit in-person interactions due to being highrisk for COVID-19 [33, 48]. During the onset of the pandemic (i.e.,
March-April 2020), Fuller et al. [42] found that older adults reported
increases in loneliness and feelings of loss and lack of control,
while those who did not experience increased loneliness established
new social connections. Other early pandemic research alludes
to older adults’ resilience and the association between age and
relatively greater emotional well-being [20, 23]. Recent literature
has explored the risks of social isolation during COVID-19, but
from the perspective of providers and organizations supporting
older adults [11, 88]. We complement this work by describing the
experiences of older adults themselves, and focusing on technology
and social interaction in their everyday lives rather than providers
or telehealth stakeholders. Also, our study contributes a direct
contrast to reports of older adults’ COVID experiences, which focus
on loneliness and social isolation. We show that the narratives of
older adults demonstrate a desire for and acts of connectedness,
aligning with a narrative of resilience.
As prior work has established a negative relationship between
social isolation and health [45, 66], restrictions on older adults’
in-person social encounters could increase health risks. Prior to the
pandemic, researchers have studied how to reduce social isolation
among older adults by studying how in-person activities such as
volunteering and group activities, [30, 35, 39, 59, 96] and technology
interventions can be used to facilitate social connectedness [29, 32,
73]. However, because of state and federal regulations in the U.S.
that strongly advise against in-person forms of engagement, it
remains increasingly important to understand how technology can
better support social connectedness amongst aging communities.

2.2

Digital Social Connectedness with Older
Adults

As older adults continue to increase their technology use [3, 24],
HCI researchers have studied their patterns of digital engagement
and connectedness with people inside and outside of the home.
In their synthesis of research on digital inequalities among older
adults, Francis et al. argue that more research is needed on technology convergence and multimodal connectedness—that is, how older
adults navigate synchronous and asynchronous communication,
and use multiple communication channels for distanced interactions [41]. Our study focused on older adult’s expanded modes of
communication as necessitated by the COVID-19 pandemic.

Designing for Older Adults’ Multimodal Connectedness

DIS ’21, June 28-July 2, 2021, Virtual Event, USA

A significant line of work focuses on interpersonal communication, developing systems to promote intergenerational connectedness with grandchildren and adult children (e.g., [100, 101]). However, older adults’ concerns about disrupting family members leads
to more conscious communication efforts, often with older adults
adjusting to routines and technology practices of younger family
members [61, 67, 95]. These practices include adapting new hardware or software to facilitate connectedness with younger members
of their social networks. Some researchers have studied video-chat
and video sharing technologies to support distributed synchronous
and asynchronous forms of communication [2, 40]. Shared tabletop systems have been used to provide co-located connectedness
between older and younger family members [6, 106]. Researchers
have also designed ambient displays to promote awareness of older
adults’ activities amongst family members [27, 28, 34, 69, 76], and
sometimes with peers [7, 50]. Cues such as voice and photos make
these rich forms of communication.
More recent approaches to age-related social engagement and
connectedness have explored the role of augmented objects, wearables technologies, and social robots. Researchers have prototyped
and evaluated augmented objects such as plants, photo frames, windows, clocks, and music boxes to connect older adults with family
[5, 7, 18, 50, 60, 69, 80]. Similarly, it becomes difficult to replicate
intimate notions of touch with objects. As such, researchers such
as Angelini et al. have investigated how wearables like Hugginess
can send information through conductive fabric about one’s desire
for physical touch [4].
One component of connectedness is a sense of companionship.
Social robotics researchers have studied how robots can be designed
to provide companionship to older adults and be used as a tool for
"successful aging" [58]. For example, the Huggable robotic bear
[92] and Paro robotic seal [82] have been posited as approaches to
improve older adult’s emotional well-being. Hutson et al. study of
older adults’ perceptions towards social robots show that people
see potential for these technologies to engage people who are alone
in conversation in "intellectual stimulation" [47]. One critique of
research at the intersection of robotics and aging is that there has
been a medicalized perspective on robotics as surveillance tools
that promote ageism rather than reinforce older adults’ values of
autonomy, independence, and resiliency [58, 108]. In this paper, we
explore how older adults align their technology practices motivated
by COVID-19 to support these values.

2.3

Infrastructural Breakdowns and COVID-19

The COVID-19 pandemic disrupted (and continues to disrupt) social
routines for people of all ages around the world. Drawing upon
infrastructure literature, we find that these disruptions or infrastructural breakdowns are both ordinary and extraordinary, occurring
in moments of crisis and natural disaster (e.g., [38]) or as expected
components of societal functioning (e.g., [85, 86]). In the design and
computing communities, discussions surrounding infrastructure
have shifted from being solely about physical and organizational infrastructures that provide access to public services (e.g., electricity
or water companies) to also including social and human-centered
forms of infrastructure (e.g., workplace relationships) [57, 86]. One
similarity across varying discipline-specific conceptualizations of
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infrastructure is that a disruption makes the oft-invisible nature of
infrastructural maintenance and repair, visible [91]. In this paper,
we explore the maintenance and repair work of older adults as
triggered by COVID-19.
To do so, we draw upon infrastructural repair research in design
and computing communities. We define infrastructural repair as a
behavior to adjust and function with an infrastructural breakdown.
When considering short-term breakdowns like natural disasters,
repair is seen as a set of behaviors and work to return to normal [13].
However, research on longer-term disruptions with no expectations
of normalcy or that shift routines permanently describes such repair
as "slippage" or work to adjust to a new normal. With the ongoing
COVID-19 pandemic, we see similar themes of limited expected
returns to pre-COVID social routines in the near future such as
large gatherings or frequent travel. Rather than focusing on what is
no longer possible due to COVID-19, we use this paper to explore
how one group of people, older adults, are engaging in repair work
related to social connectedness as a result of this infrastructural
breakdown.
Key research on infrastructural repair often involves tangible
forms of repair. In the HCI4D space, literature describes how rural
communities, communities with limited access to technology, and
communities in the Global South work in "fixing" shops to repair
phones and other technologies (e.g., [46]). Also, researchers have
studied how makers across age groups engage in DIY work to repair
social and cultural disruption. For example, political infrastructural
disruption in the 1960s and 1970s spawned a culture of making and
DIY amongst older adults in China [93]. In this paper, we extend
work on infrastructural breakdowns and repair in the context of
aging, contributing empirical data showing how older adults engage
in less tangible forms of repair work as affected by an extreme and
persistent infrastructural breakdown around the world, COVID-19.
Arguably, older adults were one of the groups most affected by
this breakdown. Although older adults faced high health risks and
were strongly advised to limit in-person interactions, prior work
shows that older adults value in-person interactions valuable for
communication and connectedness practices like volunteering and
leisure activities [51, 55].

3

METHODS

We conducted a two-part study using surveys and interviews to
understand how older adults’ patterns related to technology use and
social routines were affected by social distancing during the COVID19 pandemic. We engaged older adults using a survey to understand
what changes occurred, and through interviews to understand why
and how these changes occurred. Our institution’s Institutional
Review Board classified the study as exempt and approved all study
procedures.

3.1

Survey

3.1.1 Data Collection. We designed an online survey to understand
older adults’ technology use prior to and while social distancing
due to COVID-19. We asked questions regarding their in-person vs.
remote engagement with others, technology use, new technologies
used, and their reasons for trying new things with technology. We
refined the survey through pilot testing in the target age group
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(adults in the U.S. aged 65+). This pilot test led to the larger, final
40-question survey in which we added questions regarding how
they heard about new technologies, as well as how and when they
learned how to use them. We deployed the survey online and offered
the option to take the survey via phone. On average, the online
survey took 14.7 minutes (SD= 9.8 min) and the phone survey took
17.4 minutes (SD=3.5 min) to complete. Participants received $10
for their time.

social distancing. Lastly, we engaged participants in future-thinking
exercises, asking them to describe how they plan to engage when
restrictions on in-person interactions are reduced and any technologies they would need/want to address unmet communication needs.
Interviews were conducted by phone and recorded. On average,
each interview lasted 35.5 minutes (SD= 8.8 min) and participants
received $20 for their time.

3.1.2 Recruitment and Participants. To recruit a diverse sample
of older adults, we sought participants using three methods. First,
we recruited using social media via public posts on Facebook and
Twitter. Second, we recruited via email newsletters at local senior
centers, and direct emails to members of the Healthier Black Elders
Center, recruitment pool of Black older adults interested in research
in near Detroit, Michigan in the United States. Third, we engaged
older adults using a university participant recruitment pool to further diversify our sample, as we saw under-representation of male
voices in the survey.
We cleaned the completed survey responses using both manual inspection and Qualtric’s data cleaning tools. We removed responses for one or more of the following reasons: age provided
did not match date of birth (DOB); failing attention checks; short
survey completion times; straightlining or patterned responses;
fake or gibberish text responses.
The survey was completed by 146 older adults between May-July
2020 (ages 65-91; mean= 72 years old; SD= 5.975). Table 1 shows
demographic information for survey respondents. With regard to
gender, our sample identified as 63% women, 35% men, 1% nonbinary, and 1% preferred not to disclose. The larger of number
women in our study aligns with U.S. gender ratios, because there
are more women than men over the age of 65 [65, 71]. Recruitment
from social media, the minority recruitment pool, and the University
health research participant pool helped to increased the age and
gender diversity. To further diversify our sample, we oversampled
Black/African American participants by recruiting from a local
minority participant recruitment pool.
3.1.3 Analysis. To analyze our survey data from n = 146 participants, we combined the data from the three samples and ran descriptive statistics to understand technology patterns amongst older
adults.

3.2

Interviews

3.2.1 Data Collection. At the conclusion of the survey, we asked
participants to indicate their interest in a one hour semi-structured
follow-up interview to expand on their survey question responses
and gain a better understanding of their experiences while social
distancing. Survey participants noted that a one-hour interview
on the phone might be too long and draining. Thus, we edited our
protocol to ensure that the length of the interview would be 45
minutes or less. We offered participants to take breaks as needed.
No participants opted to end early or take a break due to fatigue.
During the interviews, we asked questions about their interpersonal connection practices before and after COVID-19, in addition
to their needs at this time. We explored how they used technology
to support social needs and interpersonal communication while
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3.2.2 Recruitment and Participants. We recruited 23 follow-up interview participants from the pool of survey respondents (age 65-89;
mean = 75 years old; SD = 6.162). Interviews were conducted by
phone in July 2020. Participants were 60.9% women (39.1% men),
and mostly Black or African American (47.8%) and White (43.5%).
Table 2 shows demographic and technology use details for each
interview participant.
3.2.3 Analysis. All interviews were transcribed in full. The first author engaged in memoing [14], and all authors reviewed, discussed,
and coded the interview data and memos using an inductive approach. We discussed insights and memos from each interview
on a weekly basis as they were conducted. During initial stages
of analysis, we identified common themes across interviews relating to social engagement and use of various technologies for the
first time. We analyzed interview data once all interviews were
complete. Using thematic analysis, we inductively analyzed data
such that older adults’ experiences were constructed as "patterns
of meaning" [15]. We approached planning, conducting, and analyzing interviews from a positive aging perspective, positioning
older adults abilities and strengths in relation to their previous or
new technology practices. From the analysis, our primary themes
were intimacy and connection, skill development, creativity, technology enforcement, fatigue, and well-being. We further refined
these themes through weekly discussions and constant comparison
of data across interviews.

3.3

Limitations

This study is based in the United States and may not reflect nonWestern cultures. Surveys and interviews began after the COVID-19
pandemic had affected most of the U.S. and social distancing measures were broadly in effect.We did not use a survey panel because
we were able to effectively recruit participants online (i.e., Facebook, Twitter, University recruitment pool, emails to a recruitment
pool of Black older adults) and offline (i.e., local senior centers
newsletters, word of mouth). We did not collect any data prior
to the pandemic, and any comparisons of behavior before/during
the pandemic represent perceptions and lived experiences of older
adults participating in the study. Also, all data on technology use
is self-reported and we recognize there is potential for over- or
under-reporting.

4

FINDINGS

Survey responses and interviews revealed how older adults’ social interactions changed in ways that were interrelated to their
technology use, as they performed infrastructural repair to maintain their connections with existing ties and communities, as well
as creatively reimagine ways to experience social connection. We
found that older adults expanded the modalities through which they
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Table 1: Overall Demographics of Survey and Interview Participants

Gender

Age
Race

Location

Survey (n=146)
Women 92 (63%)
Men 52 (35.6%)
Non-binary 1 (.7%)
Prefer to not disclose 1 (.7%)
M=72
SD=5.975
White 70 (47.9%)
Black or African American 66 (45.2%)
Hispanic or Latino 2 (1.4%)
Mixed Race/Other 8 (5.5%)
Midwest 89 (61%)
Northeast 27 (18%)
South 16 (11%)
West 14 (10%)

Interview (n=23)
Women 14 (60.9%)
Men 9 (39.1%)
M=75
SD=6.162
White 10 (43.5%)
Black or African American 11 (47.8%)
Mixed Race/Other 2 (8.7%)
Midwest 21 (91.3%)
Northeast 2 (8.7%)

engaged with others, showing resilience via multimodal connectedness. First, we describe how they increased their use of technology,
including making efforts to adopt a range of new mobile devices,
software, and social media.

4.1

Understanding the Impact of
Infrastructural Changes

All survey respondents reported making an effort to social distance,
confirming that they were adhering to recommended guidelines.
As a result of all the services that had closed and widespread social
distancing, almost all (94.5%) reported they were seeing fewer or the
same number of people in person (the remaining 5.5% experienced
an increase in the number of people with which they interacted).
When asked whether the nature of their interactions had changed,
most (71.9%) felt their interactions were different since social distancing. A smaller number reported no change in the way they
interacted with others, and interview data indicate these participants may have had limited in-person interactions or experienced
social isolation prior to social distancing. Indeed, almost half (46.6%)
of survey respondents said that they interacted with few people
daily, prior to the pandemic, as shown in Figure 1. Our interview
data help to contextualize these changes in quantity and quality
of interactions with other people online and offline while social
distancing.
4.1.1 Differences in How Infrastructural Breakdowns Were Experienced. Past work has indicated that social isolation affects many
older adults [31, 71], and this may have been the case with our
participants prior to social distancing. For example, some participants shared that their daily life wasn’t very different compared to
before the pandemic, and that social distancing due to COVID-19
was “not much of an issue" (P19). Social distancing also appeared to
be somewhat less challenging for those who had recently retired
or had experienced medical challenges that dramatically changed
their way of life and their social circles. Prior experience with medical challenges and loss of independence (whether their own or
their partner’s) had normalized staying home to protect themselves
and their family. P18 compared social distancing to his retirement

819

Figure 1: Comparison of participants’ self-reported inperson interaction before vs. while social distancing. The
biggest change was in interactions with few (0-5) people
daily, which increased from 46.6% before COVID-19 to 71.2%
during COVID-19.
years prior to the pandemic, which had been an even bigger shift
in his social life and “was a much bigger adjustment than the social
distancing" (P18). This connects to prior work discussing the loss
of identity and realization of the aging process [37, 105], yet also
speaks to older adults’ resilience.
Although the infrastructural changes of COVID-19 reduced social interactions and may have increased isolation, older adults with
high levels of activity in their daily lives before social distancing
described how COVID-19 helped to slow down their busy routines.
Many described such positive effects of social distancing, suggesting
that they had been resilient in adapting to the circumstances and/or
their needs for social connection may have not been as high as
other times in their lives. Several participants expressed a positive
outlook toward maintaining some of the changes in their lifestyle,
such as spending more time at home and practicing hobbies in the
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Table 2: Demographics and Technology Use of Each Interview Participant
PID

Age

Gender

Race

Live In

Live With

Tech Used

1
2
3

74
79
72

Woman
Woman
Man

White
Black
Black

By myself
By myself
With spouse

Cell phone, Radio, TV
Cell phone, Computer, TV
Landline phone, Cell phone, Computer, TV

4

76

Woman

Mixed race

My own home
My own home
A senior living community
My own home

By myself

5
6
7
8

68
76
72
88

Woman
Woman
Woman
Woman

White
Black
White
White

Spouse
By myself
Spouse
By myself

9

91

Woman

Black

My own home
My own home
My own home
A senior living community
My own home

Landline phone, Cell phone, Computer,
Tablet, Radio, TV
Cell phone, Computer, Tablet, Radio, TV
Cell phone, Radio, TV
Cell phone,Computer,Smart speaker
Landline phone, Tablet, Radio, TV, eReader

10
11

89
77

Woman
Woman

Black
Black

My own home
My own home

12

72

Woman

White

My own home

13

68

Woman

Black

My own home

14

72

Woman

Black

My own home

15

76

Woman

Black

My own home

16

78

Man

Black

My own home

17
18

70
66

Man
Man

White
White

My own home
My own home

19
20

72
77

Man
Man

White
White

My own home
My own home

21
22
23

69
65
79

Man
Man
Man

Lebanese
White
Black

My own home
My own home
My own home

By myself

Landline phone, Cell phone, Computer,
Tablet, Radio, TV
By myself
Landline phone, Cell phone
By myself
Landline phone, Cell phone, Computer,
Tablet, Radio, TV
Spouse
Landline phone, Cell phone, Computer, Radio, eReader
By myself
Landline phone, Cell phone, Computer,
Tablet, Radio, TV, eReader
By myself
Landline phone, Cell phone, Computer, Radio, TV
Family member(s)
Landline phone, Cell phone, Computer, Radio, TV, eReader
Spouse, family mem- Cell phone, Computer, Tablet, TV
ber(s)
Family member(s)
Cell phone, Computer, Tablet, Radio, TV
Spouse
Cell phone, Computer, Tablet, Smart
Speaker, TV, eReader
By myself
Cell phone, Computer, Tablet, Radio, TV
Spouse
Landline phone, Cell phone, Computer,
Tablet, Radio, TV
Spouse
Cell phone, Computer, Tablet, TV
Spouse
Cell phone, Computer, Smart Speaker, TV
By myself
Cell phone, Computer, Tablet, Radio, TV

future. P15 shared that by stepping back from her job, she realized
“although I was enjoying it, it was too much...in the future, I know
that I’ll probably still take a day a week, just for me to do nothing.
And I hadn’t been doing that" (P15). Similarly, P11 realized that her
previous, nonstop lifestyle was tiring and that she “was out every
day for 44 years, so I’m glad to be home ... I enjoy every corner of it."
Similarly, P17 explained how she used to have a very busy schedule,
“but staying home and reading books is actually kind of nice." These
findings suggest that technology could be designed to encourage
and support leisure activities, at a time in their lives when older
adults may be ready to engage in more meaningful activities outside
of work.
4.1.2 Adapting and Maintaining Social Connections. One of the
most common ways in which older adults maintained contact with
those closest to them was through regular phone calls, and for
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many, this represented a routine created pre-COVID-19 that they
were able to sustain. This was especially true for those who had
family that lived farther away, or those who were already living
an isolated lifestyle. Thus, they made it a routine to call particular
friends regularly, or even more often than before. For example, P19
explained the impact of his routine phone check-ins, saying: “I’ve
been more active in contacting people for my own purposes to have
some interaction and I think it benefits them too... I’ve always been
isolated but suddenly the people outside, it’s new to them." Increased
amounts of idle time while distancing at home created opportunities
for longer, more frequent, and higher quality conversations over
the phone. For example, P2 explained that her family “didn’t call me
as often as they are calling me now, in the past, because they were all
working on their careers, or getting a degree". P10 similarly described
more in-depth conversations with friends, which “have extended
from, ‘Hey, how are you?’, to just some real conversation, about life
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and things that you’ve experienced all through your life, so you get
to know them better and they get to know you better.” Therefore, in
some ways, participants found it easier to have more meaningful
conversations with close ties due to decreased distractions and a
more captive audience. We suggest that inform technologies that are
designed to encourage more frequent and in-depth conversations
(e.g., [17]).
While remote communication seemed to improve for some, older
adults were also creative in organizing their own socially-distanced
activities to be around others in person—emphasizing the importance of place and proximity to others. For example, since many
participants also wanted to keep up with the physical activity they
were used to, they arranged outdoor walks with friends during
which they would keep a recommended distance (or arrange to
talk by phone while they walked separately). Other older adults
made use of driveways and doorways to regularly and frequently
meet with family and friends while maintaining a safe distance.
P20 described how his granddaughter would come to visit in the
driveway when she “buys a new dress and she wants to show it to
us...we look out from the door and see her." P16 indirectly connected
with friends by physically exchanging media (i.e., movies, photos,
playlists) through flash drives placed in plastic grocery bags at their
front doors.
Older adults also conceived of entirely new activities that could
allow them to gather together safely. For example, P22 and his
friends used an empty barn for what he called a ‘speakeasy’ (the
term used during Prohibition in the U.S. for bars that operated
clandestinely, sold alcohol without a license, and filled a void in
social interaction): “I have a friend with a barn. We leave the doors
open. We’re all pretty aware of the situation. We distance, we’ve
become a little speakeasy, you know, so we can get together but this is
3 or 4 maybe 5 of us." Through this safe in-person experience, his
friends “bonded more closely" and he felt he could “look back at the
winter and summer of COVID, you know, in probably a positive light."
Other participants also reflected on how they were spending more
time with the people they had nearby, in ways that could strengthen
their existing connections with family, friends, and neighbors. For
example, P17 used the time at home to connect more with his son
who lived next door. They transitioned from two dinners per week
to more than five dinners per week, plus breakfasts. As a result,
he felt their socially distanced dinners were a way to “be spending
more time together and it’s been kind of nice" (P17). These findings
show how remote interactions cannot replicate the experience of
being around others, even through brief moments or exchanges.
Designers might therefore take inspiration from these creative
efforts to design technology to support engagement with older
adults nearby (co-located, near co-located) rather than a focus on
distributed/remote engagement.

4.1.3 Expanding and Deepening Local Connections. Outside of family members, many older adults said they also strengthened ties
with neighbors that they have known for as long as 40 years (P13),
because they were watching out for each other during the pandemic.
Some also got to know new neighbors and bridge social differences.
For example, P15 thought her neighbors were:
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“Rowdy but I learned that they’re just young people...
I’ve gotten to know them a bit... and some of their challenges, just talking. Their young girl just graduated
from high school and I just feel for her. I’ve been able to
give her some good advice about goals, and short term
and long term goals, and looking back at this, years
from now, what does she learn from it and whatever.
Just heart-to-heart talk like a grandma to a grandchild."
(P15)
Similarly, P8 became friends outside with a fellow gardener in her
building and they exchanged material resources and information
about gardening questions. These meaningful connections were
shaped from their interest to connect in-person with whoever was
around, while social distancing. Being outside where they could see
other people was also meaningful for some older adults. P22 and
his wife sat on their porch as much as they could, and he described
enjoying greater social cohesion in his neighborhood, which he did
not think he had ever seen before. Distanced conversations with
neighbors or passersby were valuable and enhanced community
belonging amongst several participants. While research on older
adults often focuses on family and existing relationships, our data
extends prior work [17, 79] show how they value new connections,
and a sense of local belonging.

4.2

Increasingly Multimodal Connectedness

Most older adults reported that their technology use mostly increased while they were social distancing. This finding is significant
in light of the extensive body of literature describing older adults’
hesitation to increase their technology use. This literature describes
older adults’ mistrust in mobile or ubiquitous technology [52], preference to stay away from technology [49], lack of knowledge or
interest [26], and lack of perceived value [26, 99].

Figure 2: Participants’ self-reported technology ownership
and usage change compared to prior to COVID-19 (n=146).
Most notably, increase in use was reported by 75.8% of cell
phone owners, 71.6% of computer owners, and 78.3% of TV
owners.
Most survey respondents perceived that their technology use
had increased for many of the devices that they owned, including
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cell phones, computers, TVs, and tablets. Figure 2 shows the devices
that older adults owned and how they perceived that their use of
these devices had changed. Our survey also asked older adults what
they had been using their devices for, and self-reported data show
a range of activities:
• 67.1% talked on the phone more often (using a landline or
cell phone)
• 61% sent messages online more often (using Facebook Messenger, email, etc.)
• 64.4% talked using video chat more often (15.8% either did
not use or their use had not changed)
• 56.2% sent text messages more often (19.2% either did not
notice a change or did not text)
Although phone communication was popular pre-COVID-19,
most interviewees said phone calls became longer and more frequent. Such phone communication increased and occurred so frequently that participants described their phone use as “ridiculous"
(P15), especially in comparison to prior to the pandemic, since “everyone has idle time" (P14). Interestingly, technology was used not
only to enable direct communication (e.g., phone calls), but also to
structure interactions and routines through features such as tasks
and contact lists: “I set up a task [in Microsoft Office] to everyday go
to a list of contacts that I have fairly regular communication with...
so I’ve been increasing phone activity because of COVID" (P19). From
these types of interactions, we highlight how technology can play
a role in scaffolding routine social interactions.
Before social distancing, survey respondents reported that they
infrequently used technology to interact with other people (friends,
family, etc.), as shown in Figure 3. Nearly two-thirds (63%) of respondents reported having used technology to interact with few
(0-5) people per day, while considerably less (23.3%) used technology to interact with several (6-10) people in a typical day, prior
to COVID-19. As in-person interactions decreased, most respon-

(17.1%) felt that their social interactions through technology stayed
the same. We hypothesize that these survey respondents were likely
socially isolated prior to the pandemic, had small social circles by
choice, or their existing technological practices supported their
needs.
Since social distancing, survey respondents reported that they
used technology for social interaction more often, and with more
people. There was a decrease in the number of respondents who
used technology to interact with a few (0-5) people and an increase
in daily technology-mediated interactions with several (6-10) or
many (10+) people, as shown in Figure 3. The number of survey
respondents who reported daily interactions with many (10+) people using technology doubled compared to before social distancing.
Thus, survey respondents broadly interacted with more people
using technology than they had before.
4.2.1 Adoption and Persistence With Technology Driven by Breakdown. During interviews, older adults explained that they felt forced
to use more technology like smartphones, out of necessity to communicate with family and friends. Resistance to adopting new technology was expressed by some participants:
“I’ve been forced... I’ll be 73 this month so I’m really
forced to have to come into the 21st century and deal
with all of this modern equipment junk that I know
nothing about or didn’t even want to know about. So
I’m forced to use it and become acquainted with it, how
it functions, how to work it, what it is, and how to adapt
and use it so thank goodness I learned how to use a
computer." (P3)
Other participants were not as resistant to technology, rather
they had not previously felt as much need to use it because their
family lived nearby and they could expect frequent in-person interaction. Before COVID-19, some had not needed to rely on communicating via technology. P15 adapted her technology use to
communicate with family in response to the breakdown:
“The computer, there was more email and Zoom and
that FaceTime stuff, that I would never have used because I didn’t think it was all that necessary, because
relatives or whatever, most of them are right in the city.
It’s just a good thing...a good thing." (P15)
Certainly, adoption was not always easy, and participants also
shared the barriers and frustrations they experienced as they interacted with new technologies like smartphones and Zoom. Some
participants did not perceive themselves as being tech savvy, but
they demonstrated significant persistence and determination. For
example, P6 reflected on how she was pushing herself:

Figure 3: Comparison of participants’ self-reported online
interaction (using technology) before vs. while social distancing. Interaction with 6-10 people daily using technology
increased from 23.3% before COVID to 38.4% during COVID.
dents (75.3%) indicated that their interactions through technology
increased while social distancing. A small number of respondents
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“I’m learning a lot about this phone, and getting frustrated... I was next to my son who convinced me that I
needed to move up, because I was what they call ‘behind
the times’. But it’s getting a little better. I’m challenging
myself a little more. I still kinda send people things. I
mess up on doing that, but I’m not going to give up...
Sometimes it’s frustrating, like the other day I was ready
to throw [the cell phone] out the window. I was trying
to do something, and it brought me to tears." (P6)
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The level of emotion described in relation to learning to use
new technologies, and expanding their technology use, suggests
the amount of infrastructural repair work by older adults. Support
from others and their needs for social connection motivated older
adults to persist in this repair work. Several participants indicated
that family would visit for technology lessons, but this support was
temporary and they were on their own again once these family
members left. For example, P11’s daughter helped her download
Zoom so that she could join a family member’s funeral virtually
but she “didn’t have the correct passwords and other things to go
into it" (P11). For some, Zoom’s usability made it easier to start
using on their own; for example, the ease of clicking on the link and
automatically joining meetings once Zoom was downloaded. After
adopting new technology, some participants taught their friends
how to use it, exposing others in their social networks to tools
like Zoom or Duo. We therefore found peer support and intergenerational help to be important components of adopting new
technologies.
Adoption was also a byproduct of idle time amidst breakdown—
both older adults and their social connections had more time, which
led to adopting technologies from social media to streaming services. Interviewees described how they began using video communication and new social media platforms such as Snapchat and
Instagram, especially at the encouragement of their children and
grandchildren, or to feel more engaged with their lives. Of survey
respondents who adopted new technologies, 23% indicated that
they tried new technology for entertainment purposes and interviewees emphasized that they did so because they had extra time to
try things such as Netflix and online games. These data show older
adults as not necessarily resistant to adopting new technologies,
but leading complex lives that may affect their digital practices.
4.2.2 Using Technologies in New Ways for Connectedness. In contrast to stereotypical perspectives of older adults being hesitant to
try new things with technologies that they don’t trust [52], understand [26, 49], or perceive as valuable [26, 99], we found that most
older adults reported learning new skills and using technology in
new ways while social distancing (54.1%). Of the survey respondents who tried new things, most did so to connect with friends and
family (73%). For example, P15 had previously used Facebook but
explained that he now uses “Facebook Messenger... calling people on
Facebook... I would never do that [before COVID]". Others tried new
things with technology to engage with telehealth services (27%),
entertainment (23%), and online shopping (7%) in their efforts to
follow social distancing guidelines.
More than half (53%) of respondents learned new skills from
family members or friends, such as how to text, use video calling,
play virtual games, and order products online. Interviews further
revealed how family and friends supported older adults in learning
these new digital skills. As mentioned earlier, some participants
emphasized how the pandemic slowed down the rapid pace of life so
that they had more time to learn how to do new things, and family or
friends had more time to teach them. Several participants relied on
their children and grandchildren, such as P2, whose granddaughter
“came home when [her college] closed down [due to COVID-19], so I
could call her [for help with technology]." Widespread breakdown
experienced by all therefore meant that others were more available
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or more willing to help them with repair work. Other participants
said they were interested and wanted to learn new things but had
not managed to because they did not have family that could teach
them, or classes were no longer available as another consequence of
breakdown. P3 indicated that he and his wife did not have anyone to
learn from and argued that the only alternative to in-person classes
was YouTube, where he had sought information on “everything from
putting together a piece of furniture or how to properly use an app"
(P3).
Most older adults said they had tried new things in support
of their interpersonal relationships with family and friends, for
example by reconnecting on social media, or keeping in touch via
messaging (i.e., text, Facebook messenger). Of the technologies that
older adults had tried for the first time, video chat and conferencing
were some of the most common, with 59% of survey respondents
indicating they had tried FaceTime, Duo, Zoom, Skype, Google
Meet, etc. Before COVID-19, P17 had heard about Zoom “in the
distance, but I had never used it. Now it’s everywhere for everything"
(P17). Out of the interviewees, 17 had tried Zoom for the first time
while social distancing, 6 weren’t interested in using Zoom, and
some didn’t want to sit at their computer for long periods of time.
No participants had used Zoom before the pandemic, but many had
previous experience with FaceTime, Duo, and Skype and increased
their use since the start of social distancing.
For many of our participants, church was an important part of
their lives that they were missing while social distancing, because
it served as a third place—a place outside of work and home where
they could socialize and participate [72]. As a result of breakdown,
this third place occurred within the home. For participants like P9,
the pandemic resulted in the “first time in my whole life that I’ve been
out of church." Therefore, repairing church infrastructure seemed to
be a key motivating factor for learning how to use Zoom and other
video technologies for the first time, especially among participants
over the age of 75. Church-based social activities such as religious
services, bible study, and support groups were moved online to
platforms such as YouTube, Facebook Live, or Zoom. Religious
leaders also provided resources and support for accessing services
remotely, such as training videos, how-to letters, individual phone
calls, and one-on-one support.

4.3

Creativity With, and Limits of, Multimodal
Connectedness

Infrastructural repair work by older adults aimed to maintain relationships and significant social connections within both small and
large groups. They were creative in combining multiple modalities to meet their needs, including blending physical artifacts with
their digital interactions. Overall, they felt that individual and small
group interactions with their closest ties could be maintained in
some ways (e.g., by phone or online), while larger group dynamics
were more difficult to replicate. Instead, many participants chose
certain individuals from larger groups with whom to engage, such
as closer connections within their church community, by phone or
online.
4.3.1 Blending Digital and Physical Modalities. Older adults were
actively working to creatively adapt the ways they used technology
to engage in social connection, combining modalities and making
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adjustments so that technologies would more closely meet their
needs. These efforts point to design opportunities for combining
modalitiesOne strategy they used to maintain different kinds of
relationships was blending virtual connection with in-person activities, and mixing digital with physical artifacts. For example,
several older adults found ways to continue playing board games
with family and friends, as they had done in person prior to social
distancing. They creatively used physical artifacts in their homes
like actual game pieces to play board games such as chess and
Trivial Pursuit over Zoom. P17 admitted that the process was not
efficient, but he appreciated the challenge and having an activity
to engage in together to pass the time: “the game took two or three
times as long. Just to figure out, mechanically, how to look at each
other’s chessboard, but it was fun to try. Since I’m home full time it
was a nice way to kill a couple hours."
Playing games via Zoom was used by some to engage younger
family members. For example, participants said they also read books
aloud to grandchildren and great-grandchildren while on a Zoom
call. One older adult focused entirely on physical artifacts by exchanging paper letters in the mail with his grandchildren. Some
older adults were used to exercising with others, and if they didn’t
feel comfortable enough to physically get together, they were creative by, for example, taking separate routes while using technology
to connect: “I used to meet once a week to go jog with a friend and
we don’t meet in person anymore, we meet over the phone and walk
separately." (P7)
A couple of participants described using physical artifacts as they
participated in church services via video conferencing. For example,
they blended the virtual Eucharist1 experience with physical items
such as pouring wine into a big cup, or even drinking a wine cooler.
P6 described how she improvised a range of digital and physical
artifacts to go along with her bible study groups which have transitioned to Zoom. She received bible study discussion questions via
email, read the Bible using a tablet, used a notebook to write down
the answers to the questions, and used her smartphone to take a
photo of them to send to the bible study facilitator. She also began
participating in her brother’s bible study, since it had also moved
online and become accessible to her for the first time. Based on her
participation in three different bible study groups, P6 felt that “the
bible study has been a good experience...We tune in. We can talk. They
ask that you’re not necessarily interrupting the person that’s doing
the bible study, but you can stop and ask questions, which is good."
Similarly, P9 began using her tablet more to read the Bible once her
bible study group started meeting through Facebook. Therefore,
older adults’ creativity in blending the digital with the physical
helped to enhance not only their interpersonal relationships, but
also how they maintained and experienced their spiritual practices.
4.3.2 Technology Enabled Continuity of Relationships and Communities. As a result of their repair work, older adults reported that
they were able to maintain continuity in a range of relationships
and communities. P15 explained that she was able to communicate
via email and Zoom with a group of ladies from church, due to
the fortuitous fact that just prior to the pandemic she had brought
them to technology classes, they had each purchased a laptop, and

they had already been able to learn some of its functionality. P11
described how her weekly engagement with peers from a local
women’s social society transitioned to one-on-one interactions
through Facebook and Facebook Messenger. P10 and P11 also used
Facebook to reconnect with people they had not talked with in
some time. P15 had connected with friends from church online,
and he shared that he received “much more email from the people
in church and it was kind of a big deal" that people in his church
community continued to connect with him, but in a new way.
One of the reasons technology met needs for socializing in small
groups was that it helped maintain continuity of close ties and
social support. P23 spoke to the benefits of a transition to video
conferencing, which enabled a member of his men’s group to join
even while he was hospitalized in the Intensive Care Unit (ICU).
Similarly, many participants appreciated the opportunity to join
small groups for virtual celebrations such as a Seder and wedding.
P20 explained how FaceTime helped to continue weekly family
gatherings, even if the interaction style changed:
“With the immediate family we started using FaceTime,
although I had used FaceTime before but now doing
more of that. Instead of going over and having dinner
together Friday night, we have a FaceTime meeting, so
we talk back and forth...that’s different." (P20)
Participants also noted unique affordances of engaging with
their close ties through technology. For example, they appreciated
that with Zoom calls, they had the freedom of leaving a video
call with a group, friends, or family when they wished to, without
seeming impolite. In other words, relationships could feel more
continuous and sustained over time without as much effort needed
to considerately end interactions.
4.3.3 Gathering, Acclimating, and Meeting New People Were Harder
Online. One of the key ways in which older adults’ needs were not
met, in spite of their efforts, was in feeling connected to a large
group of people and feeling a part of a greater community. Although
live-stream church services provided access during breakdown,
some older adults felt that these online services were not effective
in maintaining a sense of community. P17 felt it was such a different
experience that it was not worth participating:
“Church services have been a real downer, online. We’re
actually not even watching much anymore. It’s no fault
of anyone, other than it’s such a hard thing to reproduce
online...being in the same room with other people makes
all the difference." (P17)
One aspect of being in the same room in a large group was
opportunities to meet new people, which P11 and P10 mentioned
missing out on:
“I still miss going to my meetings, with the sorority
especially, because there are a lot of new people that I
want to get to know, that I really didn’t have the opportunity to interact with them, because they just made
their crossing into the organization, earlier this year.
And so, I miss doing that, because they always plan
activities around how to acclimate them to being in the
organization." (P10)

1 The

Eucharist, also called Holy Communion, is a blessed sacrament accepted by most
Christians. It is a re-enactment of Jesus’s Last Supper of bread and wine [10]
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None of the participants mentioned having met new people or
otherwise expanded their social networks through virtual interactions. Some participants felt it would not be possible to meet new
people virtually. Others suggested that their desire to meet new
people could be addressed by purposefully orchestrating opportunities, such as virtual meet-and-greets. P15 and P16 each emphasized
the potential for meeting new people over video, with P16 acting
out how he would greet new people as he explained his enthusiasm for this idea: “To me, the world is just my living room...bring
them on—‘hello’...[I want a] meet-and-greet on a daily basis—‘hello’.”
This finding contrasts with many studies of technology use and
aging, which report that older adults are less likely to engage virtually with people they do not know (e.g., [8]) and primarily design
technologies for older adults to engage with family members (e.g.,
[95, 100, 101]). We therefore add to literature that show older adults
want to use technology to get to know new people at a distance
[17, 19, 103].

4.4

Values when Experiencing Infrastructural
Breakdowns

As participants discussed their experiences with technology in the
context of infrastructural breakdown, we also identified what they
valued, and viewed as important, in these social interactions. These
values reveal opportunities to design for multimodal connectedness that can more effectively meet their needs. In this section, we
describe how older adults valued intimacy, frequent and authentic updates about loved ones, access and consistent connection to
community, and natural and authentic interactions.
4.4.1 Seeking Intimate Interactions. Most older adults missed having intimate interpersonal connection, and interviewees across
genders shared that limited or no physical contact was very hard or
annoying for them. For example, P14 explained that they struggled
“after 60 plus years of being able to [hug] and now it’s dangerous
to do so, it’s very difficult to remember" (P14). Some participants
decided to see family or friends in person and they were conscious
of following all guidelines, but this meant that their gatherings
were lacking their usual physical intimacy:
“We wear masks, we protect one another, we do social
distancing even among ourselves, you know, we’ve had
little backyard get-togethers and everyone wears a mask
and we wash hands and very cognizant especially with
the children that they are taking care of themselves and
that we’re taking throughout ourselves around them.
So there’s not the hugs and so forth that we’re usually
used to giving." (P3)
More than half of our interviewees said they especially missed intimate interactions such as hugging, shaking hands, and kissing, and
interpersonal experiences like sharing a meal. Some participants,
such as P20, highlighted this as one of the most challenging aspects
of how he experienced the pandemic:
“My biggest regret is that I can’t hug my daughter or
my grandkids. I haven’t in four and half months...since
early March...well I wish I could...that’s my biggest disappointment. The biggest thing that’s missing in my
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life is that there is no contact. I like to hug, and I miss
that." (P20)
The sense of touch was unable to be replicated through technology, unlike other types of social interactions. This lack was
especially hard on those who were grieving. P15 shared that her
sibling passed away alone in a nursing home during COVID-19,
and like many other families, they were unable to hold a typical
funeral due to social distancing measures. In describing this painful
experience, P15 noted the value of physical intimacy:
“We couldn’t really have a regular funeral because they
said only two people could be there. So we had a little
funeral on FaceTime with other people but it wasn’t
the same because you can’t...hug each other and talk
to each other, and have a big meal together. And that
was all out, couldn’t do that. That was a challenge that
I will remember." (P15)
For many participants who spoke of church as an important
community in their lives, physical intimacy was also a challenge. For
example, P10 expressed dissatisfaction that she could not embrace
the people with whom she worships once church services were
moved online: “I still get the word that way, but it’s kind of difficult
because you can’t go and talk to people, and hug them, and kiss
them.” Overall, participants missed this type of intimacy across all
of their relationships—family, friends, and community members.
Whether there is a generational value that prizes physical touch, or
they found it difficult to adjust a lifelong habit, older adults spoke
of physical intimacy as one of the biggest changes to their social
relationships as a consequence of breakdown.
4.4.2 Staying Updated and Avoiding Isolation. Our interviews revealed that loneliness during breakdown drove participants to
strengthen connections and revive old connections—often through
new or expanded uses of technology mediums. For instance, P7
organized a Zoom reunion for college friends who hadn’t spoken to
one another in years, and the group later decided to continue meeting as an anti-racist book club (as anti-racism movements gained
momentum during the pandemic). Older adults also noted that they
had been intentionally contacting friends and family through social
media platforms to stave off feelings of isolation, such as P5: “I
would feel very isolated, if I didn’t, at least, talk to them, hear their
voice, see their videos or see their Snapchats. I would feel very very
isolated. So it’s something I look forward to almost every day."
Social media was also effective for P3, who explained that he had
downloaded Instagram “to see what my kids are saying and doing...a
lot of them use Instagram" (P3). Participants were more likely to
have experience with Facebook, while Snapchat and Instagram
were newly adopted during the pandemic. Participants described
the utility of these newly adopted social media platforms for feeling
updated on what is going on in the lives of younger generations.
Once they downloaded the apps, they had access to private content
that had to do with more personal updates than what might be
shared publicly through other social media channels. This type of
content helped participants feel more connected with the day-today activities of their loved ones. For example, P5 used Facebook
less after she downloaded and began using Snapchat as a way to
get instant updates on her children and grandchildren:
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“[While social distancing] they said, ‘mama go get on
Snapchat.’ So, I started using it...I love it. They’re instant
and I get to see what is going on with the kids. And I
think they’re just more natural, Snapchat, photos, you
get to see what’s going on with them, you know, good
and bad." (P5)

adapt to it and use it when I need to. But it’s not something that, you know like FaceTime, I like that...maybe
because I’m familiar with it...I’ve been doing that since
2017." (P2)

P5 perceived Snapchat as a more natural way to communicate
than Facebook and videoconferencing because her family members
engaged in more authentic behaviors. Social media platforms such
as Facebook are used more for professional engagement and attainment, and consequently, it has been noted that self-presentation
may limit how people portray their daily lives, with a bias toward
positive events and content [9]. Older adults who enjoyed adopting
Snapchat and Instagram appreciated that younger generations were
so active on these platforms, thereby giving them frequent updates
on their lives, and our participants perceived the content as more
authentic.
4.4.3 Improved Access and Consistent Connection to Community.
Some older adults expressed an appreciation for virtual access to
church services, in light of this infrastructural breakdown. This
subset of participants was less interested in experiencing the group
dynamics of in-person services, or knew others who had previously
been unable to physically get to the church and were now able to
join the service. A handful of participants also enjoyed no longer
having to expend energy on getting ready and physically traveling
to church.
Similarly, participants who had previously attended lectures,
talks, and conferences continued to participate in these when they
moved online. P17 said he did not need to feel a part of an audience
during a lecture, and placed higher value on the flexibility of being
able to join asynchronous online events when convenient:
“You can listen to them when they’re live, but then after
that they’re recorded. You could listen to them at two
o’clock in the morning. They don’t care. You’re not stuck
on their schedule...[I like that] because if I fall asleep
early, I’m going to wake up around 11 or 12 o’clock and
listen to a lecture for 90 minutes and then go back to
sleep. I think that’s really, really helpful. It doesn’t have
to be live." (P17)
However, several older adults argued that being stationary during
longer calls was challenging: “I can’t take a break. If I do, I’ll miss
something" (P14).
The ability to maintain access and consistency within a community via technology was not an acceptable alternative for all
participants. P2 runs a nonprofit senior daycare, which she had
been organizing through Zoom meetings, and she found that the
technology led to her feeling less involved:
“I won’t use Zoom [in the future]... I will do this, as long
as I have to, but I don’t want to see a Zoom once this
is over. I just find it impersonal. I don’t know, maybe
because it’s been a little annoying, my becoming acquainted with it. Oftentimes, if you know the screen is
on one person but someone on the other side of the room
is talking, it’s difficult to hear. And, you know, I don’t
feel as involved. It’s not something that I’m fond of. I can

Therefore, for some purposes infrastructural repair had been
effective or even opened up new forms of access to a community
such as church; for others, the repair work was a necessary but
undesirable alternative to accessing an important community in
their lives.
4.4.4 Authentic, Natural, and Realistic Interactions. Much like the
authenticity that participants felt from certain social media content,
they also wanted technologies to make their synchronous interactions more natural. For participants like P2, video technologies
felt less authentic than in-person communication, particularly in
large groups. As such, several participants preferred video calls
with individuals instead of groups.
Overall, most older adults viewed video calling as an effective
way of communicating with people who are close to them (i.e.,
friends and family). They anticipated that video calling would be
useful in the future when they don’t have to practice social distancing so that they can have rich interactions with family or friends
at a distance. Of the options available to them, video was the richest medium. They expected to continue use of these technologies,
but with less frequency once they are able to return to in-person
interactions.
However, many participants mentioned wanting their technologymediated interactions to feel more natural. For example, some described video communication as impersonal, and said that it needed
to be ‘more real.’ With a background as an engineer, P20 was especially able to articulate how he wanted advanced video conferencing
technology to make it feel like he was actually getting together
with others:
“I’d like to have large...full-size screens so that someone
that I’m talking to is right there on a six-foot tall screen,
3 feet away from me and have multiples of those, so I
could have multiple people ’in the room’ even though
they are on a TV screen at the same time and have that
all hooked up seamlessly, where I could just say ’come
on over’ or ’dial up at 5 o’clock’ and everybody just pops
in like they’re holograms. In fact, that would be better
than TV screens." (P20)
When critiquing Zoom, P20 described how it could make others
feel more real to him:
“See more of the whole person instead of just the face. I
could see hand movements or gestures, I would feel like
they were close to me as opposed to coming across on an
8x10 iPad or a small fraction of that. It would make it
more real to me if you can’t be there in person. I would
like it as realistically as they were there in person on a
hologram." (P20)
P20 wanted to feel the presence of others not in subtle ways,
but in life-sized, authentic representations in order to feel that they
were truly together. Overall, most older adults anticipated that
video calling will be useful in the future when they do not have to
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social distance as the technology expanded their ability to access to
various different people, services, and communities from a distance.

5

DISCUSSION

In summary, our findings show the ways in which older adults
engaged in repair work due to a significant infrastructural breakdown triggered by the COVID-19 pandemic. We find that requiring
older adults to significantly limit in-person interactions led to an
increased need for richer, routine forms of communication beyond
the phone such as video calls, live streaming platforms, and video
sharing online communities to maintain connections with friends,
family members, and peers. We describe how they use an ecosystem
of communication tools for multimodal connectedness, contrasting
with prior work that focuses on specific and/or singular devices
or communities that older adults use for connecting with peers,
friends, and family members. We find that our participants value
tools that can support varying levels of intimacy, online and offline,
as many older adults also found new ways to maintain ties at a
distance by creating their own safe, in-person communities.
Much prior work with older adults focuses on objects that can
support such components of healthy aging, focusing on connectedness, intimacy, and mobility with considerable literature on smart
homes for aging-in-place. Yet, due to how older adults reconfigured their social routines within, around, and outside of their
home spaces, we use this section to describe how designers and
researchers can rethink the focus on aging with the home environment, and instead design for smart relationships that can persist
outside of the home for increased connectedness and intimacy. In
what follows we use our findings on older adults’ infrastructural
maintenance and repair work to extend a call to design for smart
relationships, rather than smart homes for older adults, highlighting how designing for relationship development and playfulness
are key components of this design agenda.

5.1

Designing for Smart Relationships, Beyond
the Smart Home

Our findings show how older adults engaged in connectednessrelated repair work online and offline. Online, they learned how to
use video technologies including video streaming platforms (e.g.,
Zoom), video chat tools (e.g., Duo), and new video-related online
communities (e.g., TikTok). However, not all repair work was remote. They also engaged in repair work offline by safely reconfiguring their social spaces through speakeasy-reminiscent gatherings,
driveway interactions, encouraging letters, or synchronous walks
with friends by phone. We connect these careful, safe offline reconfigurations of social interactions to strengths and values within the
aging community pre-pandemic in which older adults preferred
non-digital connectedness practices. However, much research on
intimacy and aging focuses solely on the home environment and
designing smart home technologies to support older adults’ social
connection needs. While the home and residential communities
are important spaces of inquiry for aging, our findings show that
one’s home is not the only place where connectedness can occur.
Therefore, we propose that there are opportunities for design to
aid in infrastructural repair beyond the home, by designing for
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smart relationships, which we define as technology used to supplement relationship development or maintenance, regardless of location. We note that designing for smart relationships is about
using technology in meaningful ways to augment, amplify,
and not replace other forms of social connectedness. In doing so, we acknowledge neoliberal critiques of applying the term
"smart" [44] and position designing for smart relationships as a tool
to aid in meaningful connectedness rather than an end in and of
itself.
Theories of aging and prior empirical research in aging, design,
and HCI communities show how older adults value intimate relationships. While not an exhaustive list, artifacts designed to support
values of intimacy include shape-changing interfaces to express
emotion [94], smart tea kettles to share messages [16], digital portrait frames and tables [69, 81], gloves and vests that mimic hugs
[68, 92], and robotic pets [56]. Spaces designed to support these values focus on smart homes with technologies like fall detection and
prevention mechanism and connected objects for remote awareness and connectedness. However, some empirical studies show
that older adults find these in-home technologies may be unwelcome forms of surveillance, creepy, not useful, or only of interest
due to their novelty [83, 90]. Further, our findings show how older
adults sought opportunities to engage outside of their home spaces.
Pre-pandemic routines participants enjoyed often included volunteering, non-profit work, or attending religious services. While
video platforms allowed for streaming of large events or meetings,
video technologies continue to be perceived as less intimate online,
as older adults found the lack of small-group conversational interactions to be unappealing and being unable to see one’s full body
did not feel "real" in one-on-one chat contexts. This made it difficult to strengthen existing relationships, develop new relationships,
and engage in activities that were once fun and exciting. From our
findings, we propose three opportunities to design for smart relationships - 1) design for familiar forms of touch, 2) design
for relationship development, and 3) design for playfulness.
5.1.1 Design for Familiar Forms of Touch. Video tools did not work
well when older adults craved human touch. Older adult participants struggled with adjusting to technology-mediated interactions
where the sense of touch could not be replicated. Indeed, hugging
has both mental and physical benefits, which creates a distinct
design opportunity to consider how people can convey affection
in new ways, and to understand how technology can be used to
facilitate intimate social presence, such as using tangible objects.
Designers have created artifacts like gloves, vests, and social robots
to mimic hugs and human touch for long-distance relationships
(e.g., [68, 87]). However, these were either not studied with older
adults, or older adults found them to be creepy and not useful in
everyday contexts [83]. In contrast, many participants in our study
were already or became familiar with video chatting software such
as Zoom or FaceTime. Leveraging this existing familiarity with
software, and older adults’ desire for multimodal connectedness,
hardware designers could develop additional wearable or sensing
components to fulfill older adult’s unmet needs related to touch and
“realness". For example, a blanket with sensing technology could
connect with the people they talk to on video calls to sense touch

DIS ’21, June 28-July 2, 2021, Virtual Event, USA

Olivia Richards, Gabriela Marcu, and Robin Brewer

and warmth and display it to the other person. Beyond video technology, wearable technologies can also facilitate social presence
at a distance by communicating more human-like cues. For example, activity trackers already have social features such as ‘friends’
and ‘challenges.’ Activity trackers or watch bands could encourage more collaborative activities by pulsating to the rhythm of
a partner’s walking speed during synchronous distributed walks
that older adults already engage in by phone. In this sense, activity tracker friends could exercise separately, but still be in sync
‘together’ through haptic technology. We encourage designers to
continue considering ways for multimodal design to mimic familiar forms of human presence that prioritizes intimacy
through everyday technologies.
5.1.2 Design for New Relationships. Due to the pandemic, many
participants voluntarily or felt forced to increasingly turn towards
technology to create and maintain social relationships. Our study
found that while technology could meet their needs for maintaining their closest connections, one of their primary unmet needs
centered around forming new relationships. Many participants reflected on how much they valued meeting new people, helping
newcomers acclimate to their community, and feeling connected to
various social groups through ad-hoc encounters. Some participants
suggested that technology could be used to facilitate new connections, such as through structured meet-and-greets. Prior work also
highlights creating new relationships as valuable for older adult
bloggers [17] and those on dating sites [63], standing in stark contrast to a significant body of literature within the aging community
on maintaining relationships with existing family members and
friends. Although participants in our study were aging in place (in
their own or family members’ homes), establishing new connections are also challenges in long-term care communities where older
adults experience social isolation, despite living near other older
people [70, 78]. Thus, there remains an open opportunity for technology to facilitate making new connections with people in
older adulthood, especially virtually, as local community organizations, volunteer events, and senior centers play a role for many
older adults. Participants seemed to mostly have experience with
the live streaming and/or large group meeting features of video
conferencing and chat technologies for sorority meetings, church,
or volunteer meetings. However, senior-facing and community
organizations could consider leveraging small group capabilities
such as Zoom’s randomized breakout room feature to match large
group attendees with potentially unknown ties, virtually. Similar
to smaller support groups by phone, the smaller group size and
shared commonality may help to initiate new relationships.
5.1.3 Design for Playfulness. Our data also show ways that older
adult participants creatively repurposed technologies originally
intended for work and productivity purposes. Participants created
new virtual games, started book clubs, and rescheduled family
dinners using video conferencing tools. Each of these activities
are examples of repurposing for creativity, playfulness, and spontaneity, values that participants found important but described
having little time for prior to social distancing. These behaviors
contrast with the oft-portrayed narrative of aging and loneliness
that was common before and during the pandemic, showing how
infrastructural repair and maintenance resulted in innovation and
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resilience. We draw parallels between this finding and Semaan’s
work (2019) on long-term disruptions such as war, societal re-entry,
and gender transitions, which describes how repair work can lead
to increased resilience [85]. Similarly, Graham and Thrift’s work
on smart city infrastructure (2007) describes how infrastructural
breakdowns are "a vital source of variation, improvisation and innovation" [43]. While access can still remain a barrier and technology
non-use is a valid choice, our study shows how the circumstances
of the COVID-19 pandemic motivated older adults in our study
to engage in creative practices to overcome these barriers with
and without the use of technology. Similar to themes of strengthsbased, assets-based, and positive aging communities, we encourage designers and researchers to study instances of repair work
amongst older communities. Researchers should investigate
repair through a lens of innovation rather than as an expected
return to normalcy, or an infrastructural breakdown as something
to overcome.
These findings are representative of HCI’s third wave, which
has shifted from a focus on work and productivity, to studying how
people make meaning and share with one anther as they experience "the rest of life" [12]. As the COVID-19 pandemic caused more
widespread adoption of technologies among older adults for social
connection, more of them joined younger generations in living and
socializing through digital technologies, and welcomed the opportunity to slow down and focus less on their own productivity. The
result of these changes included new hobbies, new forms of social
connection, and newfound appreciation for playful experiences.
Moving forward, design for older adults could tap into the playfulness and creativity that resurfaced during this time. Digital tools
have increasingly encouraged creativity and self-expression for
younger people. Yet, as research in gaming among older adults has
shown, self-expression is important across the lifespan [22], and
digital games are already used by older adults to connect across generations and meet new people [36]. We therefore encourage more
design of playful technologies that are not targeting productivity or health, but enabling older adults to engage in meaningful
relational experiences and sharing. There are likely to be health
benefits of such technologies, but we argue that meaning-making
should be the primary focus even when there are therapeutic goals
(e.g., art therapy [54]). More research on older adults should focus
on designing for enjoyment and playfulness decoupled from other
goals.

6

CONCLUSION

To understand older adults’ maintenance and repair behaviors as
triggered by a recent infrastructural breakdown, COVID-19, we
conducted a survey and interviews with older adults about how
they connected with others while social distancing. This study
contributes an understanding of older adults’ multimodal connectedness behaviors within and beyond the home environment. As
such, we propose extending a focus on designing for aging and
the smart home to designing for smart relationships. Designing for
smart relationships may also be useful for other communities experiencing isolation or removed from their typical social networks
(e.g., rural communities, people with short-term health conditions,
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disabled communities). Further, in building on social connectedness and aging research, we showed how their values and activities
for social connection are re-imagined and reconfigured with and
without technology in moments of infrastructural breakdown. Understanding such experiences will be useful beyond COVID-19 in
the context of other life disruptions that affect older adults’ patterns of technology use and limit interpersonal connections. We
urge researchers to consider a lens of infrastructural repair and
innovation, rather than infrastructural breakdown and deficit when
designing new systems to support aging communities.

ACKNOWLEDGMENTS
We would like to thank Nazanin Andalibi, Sam Ankenbaur, Eric
Corbett, Tawanna Dillahunt, Cami Goray, Amanda Lazar, Ihudiya
Finda Ogburu, and Anne Marie Piper for feedback on drafts of this
work. We would also like to thank Ann Dysert for support with data
visualization. We are also grateful for being able to partner with
the Healthier Black Elders Center and their mission to diversify
aging research.

REFERENCES
[1] Amro Al-Akkad, Leonardo Ramirez, Sebastian Denef, Alexander Boden, Lisa
Wood, Monika Büscher, and Andreas Zimmermann. 2013. "Reconstructing
Normality": The Use of Infrastructure Leftovers in Crisis Situations as Inspiration
for the Design of Resilient Technology. In Proceedings of the 25th Australian
Computer-Human Interaction Conference: Augmentation, Application, Innovation,
Collaboration (Adelaide, Australia) (OzCHI ’13). Association for Computing
Machinery, New York, NY, USA, 457–466. https://doi.org/10.1145/2541016.
2541051
[2] Morgan G. Ames, Janet Go, Joseph ’Jofish’ Kaye, and Mirjana Spasojevic. 2010.
Making Love in the Network Closet: The Benefits and Work of Family Videochat.
In Proceedings of the 2010 ACM Conference on Computer Supported Cooperative
Work (Savannah, Georgia, USA) (CSCW ’10). Association for Computing Machinery, New York, NY, USA, 145–154. https://doi.org/10.1145/1718918.1718946
[3] Monica Anderson and Andrew Perrin. 2017. Tech adoption climbs among older
adults. Pew research center 2017 (2017), 1–22.
[4] Leonardo Angelini, Maurizio Caon, Denis Lalanne, Omar Abou Khaled, and
Elena Mugellini. 2014. Hugginess: encouraging interpersonal touch through
smart clothes. In Proceedings of the 2014 ACM International Symposium on Wearable Computers: Adjunct Program. 155–162.
[5] Leonardo Angelini, Omar Abou Khaled, and Elena Mugellini. 2015. EmotiPlant:
Facilitating Human-Plant Interaction for Older Adults. In Proceedings of the
27th Conference on l’Interaction Homme-Machine (Toulouse, France) (IHM ’15).
Association for Computing Machinery, New York, NY, USA, Article 35, 6 pages.
https://doi.org/10.1145/2820619.2825016
[6] Trent Apted, Judy Kay, and Aaron Quigley. 2006. Tabletop Sharing of Digital
Photographs for the Elderly. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (Montréal, Québec, Canada) (CHI ’06). Association
for Computing Machinery, New York, NY, USA, 781–790. https://doi.org/10.
1145/1124772.1124887
[7] Ingrid Arreola, Zan Morris, Matthew Francisco, Kay Connelly, Kelly Caine, and
Ginger White. 2014. From Checking on to Checking in: Designing for Low
Socio-Economic Status Older Adults. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems (Toronto, Ontario, Canada) (CHI ’14).
Association for Computing Machinery, New York, NY, USA, 1933–1936. https:
//doi.org/10.1145/2556288.2557084
[8] Marcos Baez, Radoslaw Nielek, Fabio Casati, and Adam Wierzbicki. 2019. Technologies for promoting social participation in later life. In Ageing and Digital
Technology. Springer, 285–306.
[9] Liad Bareket-Bojmel, Simone Moran, and Golan Shahar. 2016. Strategic selfpresentation on Facebook: Personal motives and audience response to online
behavior. Computers in Human Behavior 55 (2016), 788–795.
[10] BBC. 2009. Religions - Christianity: Eucharist. http://www.bbc.co.uk/religion/
religions/christianity/ritesrituals/eucharist_1.shtml
[11] Marla Berg-Weger and J.E. Morley. 2020. Loneliness and social isolation in older
adults during the Covid-19 pandemic: Implications for gerontological social
work. J Nutr Health Aging 25, 5 (2020), 456–458.
[12] Susanne Bødker. 2015. Third-wave HCI, 10 years later—participation and sharing.
interactions 22, 5 (2015), 24–31.

829

[13] Geoffrey Bowker and Susan Leigh Star. 1999. Sorting things out. Classification
and its consequences 4 (1999).
[14] Virginia Braun and Victoria Clarke. 2013. Successful qualitative research: A
practical guide for beginners. sage.
[15] Virginia Braun and Victoria Clarke. 2019. Reflecting on Reflexive Thematic
Analysis. Qualitative Research in Sport, Exercise and Health 11, 4 (2019), 589–597.
[16] Margot Brereton, Alessandro Soro, Kate Vaisutis, and Paul Roe. 2015. The
Messaging Kettle: Prototyping Connection over a Distance between Adult
Children and Older Parents. In Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems (Seoul, Republic of Korea) (CHI
’15). Association for Computing Machinery, New York, NY, USA, 713–716.
https://doi.org/10.1145/2702123.2702462
[17] Robin Brewer and Anne Marie Piper. 2016. " Tell It Like It Really Is" A Case
of Online Content Creation and Sharing Among Older Adult Bloggers. In Proceedings of the 2016 CHI Conference on Human Factors in Computing Systems.
5529–5542.
[18] Robin N. Brewer, Moritz Gellner, and Anne Marie Piper. 2014. Portrait Pigeon:
An Interactive Photo Messaging Wall for Seniors. In Proceedings of the 2014
ACM International Joint Conference on Pervasive and Ubiquitous Computing:
Adjunct Publication (Seattle, Washington) (UbiComp ’14 Adjunct). Association
for Computing Machinery, New York, NY, USA, 13–17. https://doi.org/10.1145/
2638728.2638793
[19] Robin N. Brewer and Anne Marie Piper. 2017. XPress: Rethinking Design for
Aging and Accessibility through an IVR Blogging System. Proc. ACM Hum.Comput. Interact. 1, CSCW, Article 26 (Dec. 2017), 17 pages. https://doi.org/10.
1145/3139354
[20] Benedict Carey. 2021. Why Older People Managed to Stay Happier Through
the Pandemic. New York Times (Mar 2021). https://www.nytimes.com/2021/03/
12/health/covid-pandemic-happiness-age.html
[21] Deborah Carr. 2021. COVID-19: Trends, Disparities, and Consequences for
Older Adults.
[22] Romina Carrasco, Jenny Waycott, Steven Baker, and Frank Vetere. 2018. Designing the lost self: Older adults’ self-representations in online games. In Proceedings
of the 2018 Designing Interactive Systems Conference. 441–452.
[23] Laura L Carstensen, Yochai Z Shavit, and Jessica T Barnes. 2020. Age Advantages in Emotional Experience Persist Even Under Threat From the COVID-19
Pandemic. Psychological Science 31, 11 (2020), 1374–1385.
[24] Pew Research Center. 2017. Mobile fact sheet. Internet & Technology. (2017).
[25] Sheldon Cohen, Denise Janicki-Deverts, Ronald B Turner, and William J Doyle.
2015. Does hugging provide stress-buffering social support? A study of susceptibility to upper respiratory infection and illness. Psychological science 26, 2
(2015), 135–147.
[26] Graeme W. Coleman, Lorna Gibson, Vicki L. Hanson, Ania Bobrowicz, and
Alison McKay. 2010. Engaging the Disengaged: How Do We Design Technology
for Digitally Excluded Older Adults?. In Proceedings of the 8th ACM Conference
on Designing Interactive Systems (Aarhus, Denmark) (DIS ’10). Association for
Computing Machinery, New York, NY, USA, 175–178. https://doi.org/10.1145/
1858171.1858202
[27] Sunny Consolvo, Peter Roessler, and Brett E Shelton. 2004. The CareNet display: lessons learned from an in home evaluation of an ambient display. In
International conference on ubiquitous computing. Springer, 1–17.
[28] Raymundo Cornejo, Mónica Tentori, and Jesús Favela. 2013. Ambient awareness
to strengthen the family social network of older adults. Computer supported
cooperative work (CSCW) 22, 2-3 (2013), 309–344.
[29] Raymundo Cornejo, Mónica Tentori, and Jesús Favela. 2013. Enriching inperson encounters through social media: A study on family connectedness
for the elderly. International Journal of Human-Computer Studies 71, 9 (2013),
889–899.
[30] Benjamin Cornwell, Edward O Laumann, and L Philip Schumm. 2008. The social
connectedness of older adults: A national profile. American sociological review
73, 2 (2008), 185–203.
[31] Erin York Cornwell and Linda J Waite. 2009. Measuring social isolation among
older adults using multiple indicators from the NSHAP study. Journals of
Gerontology Series B: Psychological Sciences and Social Sciences 64, suppl_1 (2009),
i38–i46.
[32] Shelia R Cotten, William A Anderson, and Brandi M McCullough. 2013. Impact
of Internet Use on Loneliness and Contact with Others Among Older Adults:
Cross-Sectional Analysis. J Med Internet Res 15, 2 (28 Feb 2013), e39. https:
//doi.org/10.2196/jmir.2306
[33] Team CDC COVID and Response Team. 2020. Severe Outcomes Among Patients
with Coronavirus Disease 2019 (COVID-19)-United States, February 12-March
16, 2020. MMWR Morb Mortal Wkly Rep 69, 12 (2020), 343–346.
[34] Kadian Davis, Evans Owusu, Jun Hu, Lucio Marcenaro, Carlo Regazzoni, and Loe
Feijs. 2016. Promoting Social Connectedness through Human Activity-Based
Ambient Displays. In Proceedings of the International Symposium on Interactive
Technology and Ageing Populations (Kochi, Japan) (ITAP ’16). Association for
Computing Machinery, New York, NY, USA, 64–76. https://doi.org/10.1145/
2996267.2996274

DIS ’21, June 28-July 2, 2021, Virtual Event, USA

Olivia Richards, Gabriela Marcu, and Robin Brewer

[35] Carlos F Mendes de Leon. 2005. Social engagement and successful aging. European Journal of Ageing 2, 1 (2005), 64–66.
[36] Bob De Schutter and Vero Vanden Abeele. 2010. Designing meaningful play
within the psycho-social context of older adults. In Proceedings of the 3rd International Conference on Fun and Games. 84–93.
[37] Manfred Diehl, Hans-Werner Wahl, Anne E Barrett, Allyson F Brothers, Martina
Miche, Joann M Montepare, Gerben J Westerhof, and Susanne Wurm. 2014.
Awareness of aging: Theoretical considerations on an emerging concept. Developmental Review 34, 2 (2014), 93–113.
[38] Michaelanne Dye. 2021. Un Grano de Arena: Infrastructural Care, Social Media
Platforms, and the Venezuelan Humanitarian Crisis. Proc. ACM Hum.-Comput.
Interact. 4, CSCW3, Article 247 (Jan. 2021), 28 pages. https://doi.org/10.1145/
3432946
[39] Christopher G Ellison, Jason D Boardman, David R Williams, and James S
Jackson. 2001. Religious involvement, stress, and mental health: Findings from
the 1995 Detroit Area Study. Social forces 80, 1 (2001), 215–249.
[40] Azadeh Forghani and Carman Neustaedter. 2014. The Routines and Needs of
Grandparents and Parents for Grandparent-Grandchild Conversations over Distance. Association for Computing Machinery, New York, NY, USA, 4177–4186.
https://doi.org/10.1145/2556288.2557255
[41] Jessica Francis, Christopher Ball, Travis Kadylak, and Shelia R. Cotten. 2019.
Aging in the digital age: Conceptualizing technology adoption and digital inequalities. In Ageing and Digital Technology. Springer, 35–49.
[42] Heather R Fuller and Andrea Huseth-Zosel. 2021. Lessons in resilience: Initial
coping among older adults during the COVID-19 pandemic. The Gerontologist
61, 1 (2021), 114–125.
[43] Stephen Graham and Nigel Thrift. 2007. Out of Order: Understanding Repair
and Maintenance. Theory, Culture & Society 24, 3 (2007), 1–25. https://doi.org/
10.1177/0263276407075954 arXiv:https://doi.org/10.1177/0263276407075954
[44] Ben Green. 2019. The smart enough city: putting technology in its place to reclaim
our urban future. MIT Press.
[45] Louise C Hawkley, Ronald A Thisted, and John T Cacioppo. 2009. Loneliness predicts reduced physical activity: cross-sectional & longitudinal analyses. Health
Psychology 28, 3 (2009), 354.
[46] Lara Houston, Steven J. Jackson, Daniela K. Rosner, Syed Ishtiaque Ahmed, Meg
Young, and Laewoo Kang. 2016. Values in Repair. Association for Computing
Machinery, New York, NY, USA, 1403–1414. https://doi.org/10.1145/2858036.
2858470
[47] Suzanne Hutson, Soo Ling Lim, Peter J Bentley, Nadia Bianchi-Berthouze, and
Ann Bowling. 2011. Investigating the suitability of social robots for the wellbeing
of the elderly. In International Conference on Affective Computing and Intelligent
Interaction. Springer, 578–587.
[48] Rachel E Jordan, Peymane Adab, and KK Cheng. 2020. Covid-19: risk factors for
severe disease and death.
[49] Azmina Karimi and Carman Neustaedter. 2012. From High Connectivity to
Social Isolation: Communication Practices of Older Adults in the Digital Age. In
Proceedings of the ACM 2012 Conference on Computer Supported Cooperative Work
Companion (Seattle, Washington, USA) (CSCW ’12). Association for Computing
Machinery, New York, NY, USA, 127–130. https://doi.org/10.1145/2141512.
2141559
[50] Rebecca Kleinberger, Alexandra Rieger, Janelle Sands, and Janet Baker. 2019.
Supporting Elder Connectedness through Cognitively Sustainable Design Interactions with the Memory Music Box. In Proceedings of the 32nd Annual ACM
Symposium on User Interface Software and Technology (New Orleans, LA, USA)
(UIST ’19). Association for Computing Machinery, New York, NY, USA, 355–369.
https://doi.org/10.1145/3332165.3347877
[51] Tiffany Knearem, Xiying Wang, and John M. Carroll. 2020. Sustaining Engagement in Volunteer Activities for Older Adults. Association for Computing
Machinery, New York, NY, USA, 299–303.
[52] Bran Knowles and Vicki L. Hanson. 2018. Older Adults’ Deployment of ‘Distrust’.
ACM Trans. Comput.-Hum. Interact. 25, 4, Article 21 (Aug. 2018), 25 pages.
https://doi.org/10.1145/3196490
[53] Hiroko Komatsu, Kaori Yagasaki, Yoshinobu Saito, and Yuko Oguma. 2017.
Regular group exercise contributes to balanced health in older adults in Japan:
a qualitative study. BMC geriatrics 17, 1 (2017), 1–9.
[54] Amanda Lazar, Jessica L Feuston, Caroline Edasis, and Anne Marie Piper. 2018.
Making as expression: Informing design with people with complex communication needs through art therapy. In Proceedings of the 2018 CHI Conference on
Human Factors in Computing Systems. 1–16.
[55] Amanda Lazar and David H. Nguyen. 2017. Successful Leisure in Independent Living Communities: Understanding Older Adults’ Motivations to Engage in
Leisure Activities. Association for Computing Machinery, New York, NY, USA,
7042–7056. https://doi.org/10.1145/3025453.3025802
[56] Amanda Lazar, Hilaire J. Thompson, Anne Marie Piper, and George Demiris.
2016. Rethinking the Design of Robotic Pets for Older Adults. In Proceedings
of the 2016 ACM Conference on Designing Interactive Systems (Brisbane, QLD,
Australia) (DIS ’16). Association for Computing Machinery, New York, NY, USA,
1034–1046. https://doi.org/10.1145/2901790.2901811

830

[57] Charlotte P. Lee, Paul Dourish, and Gloria Mark. 2006. The Human Infrastructure
of Cyberinfrastructure. In Proceedings of the 2006 20th Anniversary Conference
on Computer Supported Cooperative Work (Banff, Alberta, Canada) (CSCW ’06).
Association for Computing Machinery, New York, NY, USA, 483–492. https:
//doi.org/10.1145/1180875.1180950
[58] Hee Rin Lee and Laurel D. Riek. 2018. Reframing Assistive Robots to Promote
Successful Aging. J. Hum.-Robot Interact. 7, 1, Article 11 (May 2018), 23 pages.
https://doi.org/10.1145/3203303
[59] Yunqing Li and Kenneth F Ferraro. 2006. Volunteering in middle and later life:
is health a benefit, barrier or both? Social forces 85, 1 (2006), 497–519.
[60] Yifang Li, Subina Saini, Kelly Caine, and Kay Connelly. 2018. Checking-in with
my friends: Results from an in-situ deployment of peer-to-peer aging in place
technologies. In Aging, Technology and Health. Elsevier, 147–178.
[61] Siân E Lindley, Richard Harper, and Abigail Sellen. 2009. Desiring to be in
touch in a changing communications landscape: attitudes of older adults. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems.
1693–1702.
[62] Preeti Malani, Jeffrey Kullgren, Erica Solway, John Piette, Dianne Singer, and
Matthias Kirch. 2020. National Poll on Healthy Aging: Loneliness Among Older
Adults Before and During the COVID-19 Pandemic. (2020).
[63] Sue Malta. 2008. Intimacy and older adults: A comparison between online
and offline romantic relationships. In T. arjoribanks, J. Barraket, J.-S. Chang, A.
Dawson, M. Guillemin, M. Henry-Waring, et al., Re-imagining Sociology. Refereed
Conference Proceedings. The Australian Sociological Association.
[64] Gloria Mark and Bryan Semaan. 2008. Resilience in Collaboration: Technology
as a Resource for New Patterns of Action. In Proceedings of the 2008 ACM
Conference on Computer Supported Cooperative Work (San Diego, CA, USA)
(CSCW ’08). Association for Computing Machinery, New York, NY, USA, 137–146.
https://doi.org/10.1145/1460563.1460585
[65] Mark Mather and Lillian Kilduff. 2019. The U.S. Population Is Growing Older, and the Gender Gap in Life Expectancy Is Narrowing.
https://www.prb.org/the-u-s-population-is-growing-older-and-the-gendergap-in-life-expectancy-is-narrowing/
[66] Christina E Miyawaki. 2015. Association of social isolation and health across
different racial and ethnic groups of older Americans. Ageing and society 35, 10
(2015), 2201.
[67] Diego Muñoz, Raymundo Cornejo, Sergio F. Ochoa, Jesús Favela, Francisco
Gutierrez, and Mónica Tentori. 2013. Aligning Intergenerational Communication
Patterns and Rhythms in the Age of Social Media. In Proceedings of the 2013
Chilean Conference on Human - Computer Interaction (Temuco, Chile) (ChileCHI
’13). Association for Computing Machinery, New York, NY, USA, 66–71. https:
//doi.org/10.1145/2535597.2535607
[68] Florian ’Floyd’ Mueller, Frank Vetere, Martin R. Gibbs, Jesper Kjeldskov, Sonja
Pedell, and Steve Howard. 2005. Hug over a Distance. In CHI ’05 Extended
Abstracts on Human Factors in Computing Systems (Portland, OR, USA) (CHI
EA ’05). Association for Computing Machinery, New York, NY, USA, 1673–1676.
https://doi.org/10.1145/1056808.1056994
[69] Elizabeth D Mynatt, Jim Rowan, Sarah Craighill, and Annie Jacobs. 2001. Digital
family portraits: supporting peace of mind for extended family members. In
Proceedings of the SIGCHI conference on Human factors in computing systems.
333–340.
[70] Barbara Barbosa Neves, Alexandra Sanders, and Renata Kokanović. 2019. “It’s
the worst bloody feeling in the world”: Experiences of loneliness and social
isolation among older people living in care homes. Journal of Aging Studies 49
(2019), 74–84.
[71] US Department of Health and Human Services. 2018.
Administration
on
aging.
2017
Profile
of
older
Americans.
https://acl.gov/sites/default/files/Aging%20and%20
Disability%20in%20America/2017OlderAmericansProfile.pdf (2018).
[72] Ramon Oldenburg and Dennis Brissett. 1982. The third place. Qualitative
sociology 5, 4 (1982), 265–284.
[73] Hannah M O’Rourke, Laura Collins, and Souraya Sidani. 2018. Interventions to
address social connectedness and loneliness for older adults: a scoping review.
BMC geriatrics 18, 1 (2018), 214.
[74] Ulrike Pfeil, Panayiotis Zaphiris, and Stephanie Wilson. 2009. Older adults’
perceptions and experiences of online social support. Interacting with computers
21, 3 (2009), 159–172.
[75] Martin Pinquart, Friedrich Schiller, and Silvia Sorensen. 2009. Influences of
Socioeconomic Status, Social Network, and Competence on Subjective WellBeing in Later Life: A Meta-Analysis. Psychology and Aging 15, 2 (2009), 187–224.
https://doi.org/10.1037/0882-7974.15.2.187
[76] Catherine Plaisant, Aaron Clamage, Hilary Browne Hutchinson, Benjamin B.
Bederson, and Allison Druin. 2006. Shared Family Calendars: Promoting Symmetry and Accessibility. ACM Trans. Comput.-Hum. Interact. 13, 3 (Sept. 2006),
313–346. https://doi.org/10.1145/1183456.1183458
[77] Linda Poon and Sarah Holder. 2020. In Lockdown, Seniors are Becoming More
Tech Savvy. Bloomberg CityLab (May 2020). https://www.bloomberg.com/news/
features/2020-05-06/in-lockdown-seniors-are-becoming-more-tech-savvy

Designing for Older Adults’ Multimodal Connectedness

DIS ’21, June 28-July 2, 2021, Virtual Event, USA

[78] Maria-Eugenia Prieto-Flores, Maria João Forjaz, Gloria Fernandez-Mayoralas,
Fermina Rojo-Perez, and Pablo Martinez-Martin. 2011. Factors associated with
loneliness of noninstitutionalized and institutionalized older adults. Journal of
aging and health 23, 1 (2011), 177–194.
[79] Yvonne Rogers, Jeni Paay, Margot Brereton, Kate L Vaisutis, Gary Marsden, and
Frank Vetere. 2014. Never too old: engaging retired people inventing the future
with MaKey MaKey. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems. 3913–3922.
[80] Jim Rowan and Elizabeth D. Mynatt. 2005. Digital Family Portrait Field Trial:
Support for Aging in Place. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (Portland, Oregon, USA) (CHI ’05). Association
for Computing Machinery, New York, NY, USA, 521–530. https://doi.org/10.
1145/1054972.1055044
[81] Jim Rowan and Elizabeth D. Mynatt. 2005. Digital Family Portrait Field Trial:
Support for Aging in Place. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (Portland, Oregon, USA) (CHI ’05). Association
for Computing Machinery, New York, NY, USA, 521–530. https://doi.org/10.
1145/1054972.1055044
[82] Selma Šabanović, Casey C Bennett, Wan-Ling Chang, and Lesa Huber. 2013.
PARO robot affects diverse interaction modalities in group sensory therapy
for older adults with dementia. In 2013 IEEE 13th international conference on
rehabilitation robotics (ICORR). IEEE, 1–6.
[83] Isabel Schwaninger, Christopher Frauenberger, and Geraldine Fitzpatrick. 2020.
Unpacking Forms of Relatedness around Older People and Telecare. In Companion Publication of the 2020 ACM Designing Interactive Systems Conference
(Eindhoven, Netherlands) (DIS’ 20 Companion). Association for Computing Machinery, New York, NY, USA, 163–169. https://doi.org/10.1145/3393914.3395867
[84] Alexander Seifert, Shelia R Cotten, and Bo Xie. 2021. A double burden of
exclusion? Digital and social exclusion of older adults in times of COVID-19.
The Journals of Gerontology: Series B 76, 3 (2021), e99–e103.
[85] Bryan Semaan. 2019. ’Routine Infrastructuring’ as ’Building Everyday Resilience
with Technology’: When Disruption Becomes Ordinary. Proc. ACM Hum.Comput. Interact. 3, CSCW, Article 73 (Nov. 2019), 24 pages. https://doi.org/10.
1145/3359175
[86] Bryan Semaan and Gloria Mark. 2011. Technology-Mediated Social Arrangements to Resolve Breakdowns in Infrastructure during Ongoing Disruption.
ACM Trans. Comput.-Hum. Interact. 18, 4, Article 21 (Dec. 2011), 21 pages.
https://doi.org/10.1145/2063231.2063235
[87] Samarth Singhal, Carman Neustaedter, Yee Loong Ooi, Alissa N. Antle, and
Brendan Matkin. 2017. Flex-N-Feel: The Design and Evaluation of Emotive
Gloves for Couples to Support Touch Over Distance. In Proceedings of the 2017
ACM Conference on Computer Supported Cooperative Work and Social Computing
(Portland, Oregon, USA) (CSCW ’17). Association for Computing Machinery,
New York, NY, USA, 98–110. https://doi.org/10.1145/2998181.2998247
[88] Matthew Lee Smith, Lesley E. Steinman, and E.A. Casey. 2020. Combatting social
isolation among older adults in a time of physical distancing: the COVID-19
social connectivity paradox. Frontiers in Public Health 8 (2020), 403.
[89] Erica Solway, John Piette, Matthias Kirch, Dianne Singer, Jeffrey Kullgren, and
Preeti Malani. 2019. Loneliness and Health Among Older Adults: Results from
the University of Michigan NBational Poll on Healthy Aging. Innovation in
Aging 3, Suppl 1 (2019), S600.
[90] Alessandro Soro, Margot Brereton, and Paul Roe. 2016. Towards an Analysis
Framework of Technology Habituation by Older Users. In Proceedings of the 2016
ACM Conference on Designing Interactive Systems (Brisbane, QLD, Australia)
(DIS ’16). Association for Computing Machinery, New York, NY, USA, 1021–1033.
https://doi.org/10.1145/2901790.2901806
[91] Susan Leigh Star. 1999. The Ethnography of Infrastructure. American Behavioral
Scientist 43, 3 (1999), 377–391. https://doi.org/10.1177/00027649921955326
arXiv:https://doi.org/10.1177/00027649921955326
[92] Walter Dan Stiehl, Cynthia Breazeal, Kuk-Hyun Han, Jeff Lieberman, Levi Lalla,
Allan Maymin, Jonathan Salinas, Daniel Fuentes, Robert Toscano, Cheng Hau
Tong, Aseem Kishore, Matt Berlin, and Jesse Gray. 2006. The Huggable: A
Therapeutic Robotic Companion for Relational, Affective Touch. In ACM SIGGRAPH 2006 Emerging Technologies (Boston, Massachusetts) (SIGGRAPH ’06).
Association for Computing Machinery, New York, NY, USA, 15–es. https:
//doi.org/10.1145/1179133.1179149
[93] Yuling Sun, Silvia Lindtner, Xianghua Ding, Tun Lu, and Ning Gu. 2015. Reliving
the Past & Making a Harmonious Society Today: A Study of Elderly Electronic
Hackers in China. In Proceedings of the 18th ACM Conference on Computer
Supported Cooperative Work & Social Computing (Vancouver, BC, Canada) (CSCW
’15). Association for Computing Machinery, New York, NY, USA, 44–55. https:
//doi.org/10.1145/2675133.2675195
[94] Haodan Tan, John Tiab, Selma Šabanović, and Kasper Hornbæk. 2016. Happy
Moves, Sad Grooves: Using Theories of Biological Motion and Affect to Design Shape-Changing Interfaces. In Proceedings of the 2016 ACM Conference
on Designing Interactive Systems (Brisbane, QLD, Australia) (DIS ’16). Association for Computing Machinery, New York, NY, USA, 1282–1293. https:

831

//doi.org/10.1145/2901790.2901845
[95] Kimberly Tee, AJ Bernheim Brush, and Kori M Inkpen. 2009. Exploring communication and sharing between extended families. International Journal of
Human-Computer Studies 67, 2 (2009), 128–138.
[96] Peggy A Thoits and Lyndi N Hewitt. 2001. Volunteer work and well-being.
Journal of health and social behavior (2001), 115–131.
[97] Patricia A Thomas and Seoyoun Kim. 2021. Lost touch? Implications of physical
touch for physical health. The Journals of Gerontology: Series B 76, 3 (2021),
e111–e115.
[98] Milka Trajkova and Aqueasha Martin-Hammond. 2020. "Alexa is a Toy": Exploring Older Adults’ Reasons for Using, Limiting, and Abandoning Echo. In
Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems
(Honolulu, HI, USA) (CHI ’20). Association for Computing Machinery, New York,
NY, USA, 1–13. https://doi.org/10.1145/3313831.3376760
[99] Milka Trajkova and Aqueasha Martin-Hammond. 2020. "Alexa is a Toy": Exploring Older Adults’ Reasons for Using, Limiting, and Abandoning Echo. In
Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems
(Honolulu, HI, USA) (CHI ’20). Association for Computing Machinery, New York,
NY, USA, 1–13. https://doi.org/10.1145/3313831.3376760
[100] John Vines, Gary Pritchard, Peter Wright, Patrick Olivier, and Katie Brittain. 2015.
An Age-Old Problem: Examining the Discourses of Ageing in HCI and Strategies
for Future Research. ACM Transactions on Computer-Human Interaction 22, 1
(feb 2015), 1–27. https://doi.org/10.1145/2696867
[101] Torben Wallbaum, Andrii Matviienko, Swamy Ananthanarayan, Thomas Olsson,
Wilko Heuten, and Susanne C.J. Boll. 2018. Supporting Communication between
Grandparents and Grandchildren through Tangible Storytelling Systems. In
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems
(Montreal QC, Canada) (CHI ’18). Association for Computing Machinery, New
York, NY, USA, 1–12. https://doi.org/10.1145/3173574.3174124
[102] Xiying Wang, Tiffany Knearem, Fanlu Gui, Srishti Gupta, Haining Zhu, Michael
Williams, and John M. Carroll. 2018. The Safety Net of Aging in Place: Understanding How Older Adults Construct, Develop, and Maintain Their Social Circles. In Proceedings of the 12th EAI International Conference on Pervasive Computing Technologies for Healthcare (New York, NY, USA) (PervasiveHealth ’18). Association for Computing Machinery, New York, NY, USA, 191–200.
https://doi.org/10.1145/3240925.3240935
[103] Jenny Waycott, Frank Vetere, and Elizabeth Ozanne. 2019. Building Social Connections: A Framework for Enriching Older Adults’ Social Connectedness Through
Information and Communication Technologies. Springer Singapore, Singapore,
65–82. https://doi.org/10.1007/978-981-13-3693-5_5
[104] Jenny Waycott, Frank Vetere, Sonja Pedell, Amee Morgans, Elizabeth Ozanne,
and Lars Kulik. 2016. Not For Me: Older Adults Choosing Not to Participate
in a Social Isolation Intervention. In Proceedings of the 2016 CHI Conference
on Human Factors in Computing Systems (San Jose, California, USA) (CHI ’16).
Association for Computing Machinery, New York, NY, USA, 745–757. https:
//doi.org/10.1145/2858036.2858458
[105] Gerben J Westerhof, Susan Krauss Whitbourne, and Gillian P Freeman. 2011.
The Aging Self in a Cultural Context: The Relation of Conceptions of Aging to
Identity Processes and Self-Esteem in the United States and the Netherlands.
The Journals of Gerontology: Series B 67B, 1 (2011), 52–60. https://doi.org/10.
1093/geronb/gbr075
[106] Svetlana Yarosh, Anthony Tang, Sanika Mokashi, and Gregory D. Abowd. 2013.
"almost Touching": Parent-Child Remote Communication Using the Sharetable
System. In Proceedings of the 2013 Conference on Computer Supported Cooperative
Work (San Antonio, Texas, USA) (CSCW ’13). Association for Computing Machinery, New York, NY, USA, 181–192. https://doi.org/10.1145/2441776.2441798
[107] Chien Wen Yuan, Jessica Kropczynski, Richard Wirth, Mary Beth Rosson, and
John M Carroll. 2017. Investigating older adults’ social networks and coproduction activities for health. In Proceedings of the 11th EAI International Conference
on Pervasive Computing Technologies for Healthcare. 68–77.
[108] Oren Zuckerman, Dina Walker, Andrey Grishko, Tal Moran, Chen Levy, Barak
Lisak, Iddo Yehoshua Wald, and Hadas Erel. 2020. Companionship Is Not a
Function: The Effect of a Novel Robotic Object on Healthy Older Adults’ Feelings
of "Being-Seen". In Proceedings of the 2020 CHI Conference on Human Factors in
Computing Systems (Honolulu, HI, USA) (CHI ’20). Association for Computing
Machinery, New York, NY, USA, 1–14. https://doi.org/10.1145/3313831.3376411

