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ABSTRACT

The world population is projected to rapidly age over the next 30
years. Given the increasing digital technology adoption amongst
older adults, researchers have investigated how technology can
support aging populations. However, little work has examined how
technology can support older adults during crises, despite increas-
ingly common natural disasters, public health emergencies, and
other crisis scenarios in which older adults are especially vulnerable.
Addressing this gap, we conducted focus groups with older adults
residing in coastal locations to examine to what extent they felt
technology could support them during emergencies. Our findings
characterize participants’ desire for tools that enhance community
resilience-local knowledge, preparedness, community relationships,
and communication, that help communities withstand disasters.
Further, older adults’ crisis technology preferences were linked to
their sense of control, social relationships, and digital readiness.
We discuss how a focus on community resilience can yield crisis
technologies that more effectively support older adults.

CCS CONCEPTS

« Human-centered computing — Human computer interac-
tion (HCI); Empirical studies in HCI.
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1 INTRODUCTION

By 2050, the number of adults aged 65 and above in the world
will be 1.5 billion, double the numbers in 2017 [80]. In the United
States, this shift will increase the median age by ten years [60].
The increase in the older adult population will indirectly increase
the number of at-risk populations during emergencies, since older
adults are more likely than others in a community to have multiple
chronic conditions, limitations in daily activities, and disabilities
that impede their ability to communicate about, prepare for, and
respond to a natural disaster [69]. For instance, older adults made
up 75 percent of the fatalities in Hurricane Katrina [18], and 73
percent of the deaths from the October 2017 Wildfires in Northern
California [8, 50]. Additionally, in the recent COVID-19 pandemic,
mortality rates among adults aged 60 and above were the highest
among age groups [14], not only due to results of illness [16], but
also resulting from isolation and mobility challenges [12, 93].

While there has been significant progress toward understanding
the disaster risk profile among older adults [20, 79], there are sig-
nificant research gaps that must be addressed in order to continue
advancing support for older adults in times of crisis. For example,
few studies consider the abilities and experiences of older adults liv-
ing independently in community settings (i.e., community-dwelling
older adults) [20]. Additionally, most research does not highlight
the active role older adults play in making independent decisions
pertaining to their safety [20, 96]. Instead, much of the existing
literature focuses on a limited view that considers older adults as
passive victims in emergencies [20].

Similar to how current literature disregards the active participa-
tion of older adults in crisis response, to the best of our knowledge,
there is minimal research that focuses on the use of digital tech-
nology by this population in disasters (see subsection 2.2). While
many researchers found that older adults are increasingly using in-
formation and communication technologies (ICTs) [59, 62, 63], and
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that ICTs play a significant role in disaster scenarios [4, 26, 29, 30],
there remains a lack of understanding about how well these tools
can serve older adults, which can introduce intervention-generated
inequalities [84].

Prior work that has explored the use of technology during crises
(i-e., crisis informatics tools) among older adults has examined fea-
tures supporting their sense of control, dignity, and safety [96]. Yet,
these features have focused on older adults as individuals rather
than promoting their engagement with communities. Simultane-
ously, crisis informatics tools tend to focus on addressing individ-
uals’ needs rather than strengthening communities, even though
the key features of crisis informatics tools are to enhance connec-
tions and communications during crises [88, 98]. Instead, crisis
informatics tools for older adults must address both their unique
needs and facilitate opportunities to maximize the full potential
of older adults’ active roles in the safety of themselves and their
communities.

To address this research gap, we conducted focus groups with
older adults residing in coastal locations to examine to what extent
and how they felt technology could support them during emergen-
cies. The focus groups consisted of three parts: 1) a semi-structured
focus group discussion, 2) a storyboard activity and discussion,
and 3) a survey assessment Specifically, our work is guided by the
following research questions (RQs):

RQ 1: What are older adults’ attitudes towards emergencies (e.g.,
perceived barriers, decision-making strategies) and towards
community support during emergencies?

RQ 2: What are older adults’ preferences for and attitudes towards
crisis informatics tools that facilitate community suppor in
emergencies?

To answer our research questions, we conducted a study involv-
ing adults aged 65 years and older to investigate their attitudes and
preferences towards crisis informatics tools which provide support
during emergencies. Our findings characterize participants’ desire
for tools that reflect the key elements of community resilience-local
knowledge, preparedness, community relationships, and commu-
nication [58]. Here, we define community resilience, in alignment
with Andrew, as “communities and individuals harnessing local
resources and expertise to help themselves in an emergency, in a
way that complements the response of the emergency services” [3].
In addition, prior work has identified how older adults’ abilities
to react in crises is dependent on their sense of control [96] and
social connectedness [88]. Therefore, in this study, we assess how
these features correspond to our participants’ preferences for crisis
informatics tools. We discuss how a focus on community resilience
can yield crisis technologies that more effectively support older
adults.

This work contributes to HCI research in the following ways.
First, our work adds to the literature in crisis informatics by provid-
ing new insights into the perceptions of older adults pertaining to
the usefulness and perceived values of crisis informatics tools that
support community resilience for older adults, focusing on four
elements—local knowledge, preparedness, community relationships,
and communication. Second, our work offers a counternarrative to
the societal portrayal of older adults as primary receivers of care
and support by providing evidence of the critical roles they play
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in society during crisis. Finally, we discuss the opportunities and
challenges in developing crisis informatics tools for older adults
that include the cost of submitting personal information on these
tools.

2 RELATED WORK

In the following sections, we describe the definition of community
resilience, particularly as it pertains to crises, disasters, and emer-
gencies. We focus on research that is situated at the intersection of
community resilience and crisis informatics. We also discuss the
evolving partnership between older adults and technology, as well
as prior research that addresses this partnership for emergencies.

2.1 Crisis Informatics & Community Resilience

Crisis informatics is an interdisciplinary research area that exam-
ines the interconnectedness of people, organizations, information,
and technology during crises [31]. Research in crisis informatics
emphasizes the networked digital technology used in times of crisis
and how technology enables interaction across places and among
people. A central topic of crisis informatics research is crisis and
risk communication, which heavily relies on sociotechnical systems.
Specifically, there has been a growing interest in understanding
the interactions between people, organizations, institutions, and a
range of technologies in entangled heterogeneous arrangements in
which “social” and “technical” components of systems cannot be
isolated in practice [45, 97].

Research on crisis informatics has examined a wide range of
topics, spanning from emergency management and operations, to
community resiliency and self-reliance [57]. We discuss the body
of work on resilience, as it is relates to our research focus. From
a social-ecological perspective, resilience can be defined as the
“capacity of a system to absorb disturbance and reorganize to re-
main essentially the same function, structure, identity, and feed-
backs” [25, 86]. Building upon the concept of absorbing and reorga-
nizing and the effects of climate change, the concept of “community
resilience” against a crisis or disaster is highly sought after by
emergency response professionals, government officials, and aca-
demics [58]. While the concept of community resilience is almost
invariably viewed as positive, the exact definition of community
resilience is still debated in scientific literature, policies, and prac-
tices [58]. Nonetheless, a systematic review conducted by Patel et al.
found that the general consensus regarding the elements of commu-
nity resilience, as it applies to disasters, includes local knowledge,
preparedness, community relationships, and communication [58].
Following these elements, in this study, we define community re-
silience as “communities and individuals harnessing local resources
and expertise to help themselves in an emergency, in a way that
complements the response of the emergency services” [3].

Driven by the growing proportion of adults aged 65 and above,
researchers have called for research on community resilience to pay
more attention to older adults, which would be conducive to the
realization of successful aging [21, 64, 91, 95]. For example, older
adults with a strong sense of community can contribute their ex-
perience, resources, and relationship-building capacity to support
others during emergencies [69, 95]. In turn, older adults can both
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generate and mobilize social capital at the local level during disas-
ters [65, 69, 95]. By designing tools that allow older adults to stay
engaged and exert their own choices [79, 96], we can continue to
support older adults emotional health [48] and resiliency [28, 51, 69],
as well as expanding their social connectedness [65].

In this work, we focus on how community resilience, as it per-
tains to its four core elements (local knowledge, preparedness, com-
munity relationships, and communication), can be enhanced with
crisis informatics tools that reflects upon older adults’ preferences.
This addresses a key research gap, where minimal crisis informatics
research has focused on community resilience among tradition-
ally vulnerable populations, such as older adults. Further, Soden
and Palen have stated how the narrow temporal framing in draw-
ing attention to the role of technologies can perpetuate structural
inequities in identifying who is affected and who is able to re-
cover [71].

2.2 Intersection of Older Adults, Technology,
and Crisis

To our knowledge, the intersection of older adults, technology,
and crisis in a single study is limited. From our point of view, two
factors are responsible for this limitation—(1) the slow growth of
technology use among older adults, and (2) the perception that
older adults’ technological needs during disasters are similar to
that of other age groups. Here, we provide the reasoning behind
these factors and discuss how these factors are not only limited by
their temporality but also compromised by cohort change.

Since the advent of information and communication technology,
particularly in the introduction of smartphones [2] and the propa-
gation of social media [61], the partnership between older adults
and technology has been evolving [63]. For example, a recent Pew
Research Center study that found only 7% of older adults do not
have access to technology in 2021, compared to 47% in 2000 [59].
Looking forward, by the time the current age group of 40-60 years
old enters the “older adult” cohort, they will bring their higher
levels of technology use with them, and we can expect greater
use of technology, specifically with smartphones usage, among the
population 65 years and above.

Correspondingly, a growing number of studies have sought to
develop mobile applications that enhance the quality of life of
the older adults population [33, 40, 41] and support their capacity
to age well [23, 27, 47]. These studies have described how older
adults were willing to and able to learn and use tools that they
recognized as useful and which support their sense of control and
independence [27, 47]. Yet, many of these studies continue to focus
on older adults day-to-day lives, rather than crisis events such as
natural disasters, fire emergencies, and pandemics that may affect
their lives significantly. Thus, the projected increase in technology
uptake among older adults must be used to identify and develop
mobile applications that support the unique needs of older adults
during disasters.

For example, the significant progress in understanding older
adults’ needs and vulnerabilities during disasters [53, 56, 79], need
to be translated into tools that support older adults’ in times of
crises. To the best of our knowledge, limited studies have consid-
ered coupling these tools with technology that augment support
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and enable autonomy among older adults during disasters. Notable
works include a study by Gibson et al. who discussed the potential
for technological solutions to combat the disproportionate vulnera-
bility of older adults in all phases of emergency management [28].
Ashida et al. developed a personal disaster preparedness program
by identifying the characteristics of emergency support networks
and providers sought by older adults [7]. A study by Zhang et al.
has explored the aspects of crisis apps (i.e., mobile applications
for crisis) that support older adults’ sense of control, safety, and
dignity during crises [96]. A recent study by Richards et al. has
identified multiple technology modalities used by older adults to
stay resilient during COVID-19 pandemic, specifically those used
for connecting with others [65]. The same study has also called for
designing technology that fosters smart relationships-relationships
that are in familiar forms of touch such as hugs, relationships that
facilitate new connections, and relationships that are creative, play-
ful, and spontaneous, virtually [65]. However, little work examines
how crisis informatics tools support community resilience among
older adults pertaining to the four elements described above. Thus,
our work contributes to the body of literature at the intersection
of older adults, technology, and crisis, by exploring how crisis in-
formatics tools can be designed to enhance community resilience
among older adults.

3 METHOD

To answer our research questions, we conducted focus groups with
18 older adults consisting of three parts: 1) a semi-structured focus
group discussion, 2) a storyboard activity and discussion, and 3)
a survey assessment. Below we detail our recruitment and study

procedures!.

3.1 Recruitment & Study Participants

Participants were recruited in coastal towns in the Northeastern
United States through local organizations that provide community
outreach to older adults. Eligible participants were required to be
65 years or older, capable of completing all study components (e.g.,
group discussions and survey) in English, had past experience with
at least one emergency (i.e., hurricane, tornado, snowstorm, etc.),
and used technology for communication daily (i.e., smartphones,
tablets, laptops, etc.). Our sample (n = 18) included 14 women and
4 men. Their ages ranged between 65 and 86 (median = 76). Table 1
presents an overview of our participants’ demographic information.

3.2 Study Procedure

We conducted this study in February 2020, approximately one
month before COVID-19 was declared a pandemic by the World
Health Organization (WHO) [92] and a national emergency was de-
clared in the United States [81]. Correspondingly, safety measures
such as social distancing and mask usage were not yet enacted at the
time of our study. Upon arrival, participants were briefly introduced
to the purpose of the study by the researchers and signed a consent
form allowing for all discussions to be audio recorded. Participants
were then divided into four groups of 4-5 people. Each focus group
followed the same protocol and contained three parts. The first
part focused on discussions about participants’ experiences with

The study protocol was approved by our university’s Institutional Review Board.
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Table 1: Participant demographic information

Suhaimi et al.

Participant Age Gender Highest Education Marital Employment
ID Range Level Status Status
Po1 65-69 Female Bachelor Degree Single Part-time
P02 70-74 Female Bachelor Degree Single Part-time
P03 75-79 Female Bachelor Degree Single Unemployed
P04 80-84 Female Bachelor Degree Single Retired
P05 70-74 Female Associate’s Degree Single Retired
P06 70-74 Male Vocational Training Married Retired
P07 80-84 Male Bachelor Degree Single Self-employed
P08 70-74 Female Vocational Training Married Retired
P09 75-79 Male Graduate Degree Single Retired
P10 70-74 Female Bachelor Degree Single Retired
P11 65-69 Female Graduate Degree Single Retired
P12 75-79 Female Graduate Degree Single Full-time
P13 85+ Male Graduate Degree Married Self-employed
P14 75-79 Female Bachelor Degree Single Retired
P15 75-79 Female High School Single Retired
P16 75-79 Female Bachelor Degree Single Retired
P17 65-69 Female Bachelor Degree Married Self-employed
P18 75-79 Female Graduate Degree Single Retired

disasters and their general perceptions of local emergency services.
The second part involved a storyboard activity and discussion. In
the last part, each participant independently completed a survey.
Figure 1 briefly illustrates our study flow.

3.2.1 Part 1: Semi-Structured Focus Group Discussion. The discus-
sion in each focus group commenced with a short introduction and
a brief explanation of the session by the moderator. Each participant
was given some time to ask any questions about the session and
to introduce themselves. A semi-structured guide was used for the
focus group discussion. The first question was designed to be an
opening, easy-to-answer question to encourage all the participants
to talk and feel comfortable. Specifically, participants were asked
about their current neighborhood and the amount of time they have
lived there. To address our RQ1, participants were asked about the
unique challenges of living in their neighborhood, specifically in
a coastal region, which is vulnerable to natural disasters [38, 43].
They were also asked about their awareness of emergency services
available in their communities and their perceptions about the relia-
bility of local resources for providing assistance during emergencies.
The participants were always given enough time to discuss each
question thoroughly until there were no more responses. Once all
questions were asked and all opinions were expressed, the modera-
tor thanked the participants and moved onto the next portion of
the session.

3.2.2  Part 2: Storyboard Activity and Discussion. In the second part
of the focus group, participants were asked to complete a storyboard
(see Figure 2) to explore their attitudes towards and preferences
for crisis app features that enhance community support (to answer
RQ2). Similar to Stowell et al. who utilized a modular storyboard
approach to evaluate mobile health applications [73], our modular
storyboard allowed us to stimulate participants’ evaluation of and

ideation around mobile applications used for crisis events. Modular
storyboards are a hybrid form of storyboard, incorporating ele-
ments from two traditional types of storyboards—-blank canvas [32]
and completed storyboards [13]. This hybrid form of storyboard
integrate the benefits of providing participants with blank canvas
storyboards (e.g., allowing them the freedom to convey their own
design visions) and the benefits of showing participants completed
storyboards (e.g., providing them with an idea of what is possible
in the design space). With modular storyboards, participants are
given partially-completed storyboards and then guided through a
process of sharing their reactions to the storyboard, modifying and
completing the storyboard in a way that conveys their vision for
how a future technology should be designed and used, and why. By
using a modular storyboard approach, our participants were able to
customize parts of the storyboards individually, while still having
all participants react to the same overarching storyline (i.e., narra-
tive plot that describes a sequence of main events) [73]. Taking this
approach thus enabled participants to express their personal needs,
values, and unique experiences as they relate to crisis apps. At the
same time, the common storyline facilitated group discussions and
comparisons of participants’ boards.

The storyboards depicted a fictional character’s interactions
with a crisis app before, during, and after a disaster. Specifically,
we integrated crisis app features that support older adults’ sense of
control, dignity, and safety, based on the findings by Zhang et al. [96]
in the storyboard. A storyline that aligns with the features depicted
three phases of the character’s crisis app journey: introduction to
the app (Scenes 1 to 5 in Figure 2), using the features of the app
(Scenes 6 to 10), and seeking support from the crisis app (Scenes
11 to 20). At each phase of the character’s journey, the storyboard
options allowed the participants to create a crisis app that was
authentic to their own needs and experiences. Participants were



Enhancing Community Resilience among Older Adults through Crisis Informatics Tools

1) Semi-Structured Focus
Group Discussion

=

Study Started &
Consent Provided

2) Storyboard Activity and Discussion

B0 o=
SR AT

CHI ’22, April 29-May 5, 2022, New Orleans, LA, USA

3) Survey

Assessment
Study Completed &

$40 Compensation

RRR
I

Figure 1: An overview of our study flow: Part 1 consisted of a semi-structured focus group discussion (see subsubsection 3.2.1).
Part 2 involved a storyboard activity (see subsubsection 3.2.2). Part 3 had a survey assessment (see subsubsection 3.2.3). The
study was completed after the survey assessment and participants were compensated for their time.

instructed to customize the storyboards by selecting from multiple-
choice options or filling-in-the-blank (see Figure 2). For example,
in Scene 8 of the storyboard, participants were asked to choose the
group of people they would like to connect with through the crisis
app. Options such as “family and friends living nearby”, “family
and friends living farther away”, and “neighborhood community”
were provided, along with a blank space for options that were
not listed. In other scenes, participants were asked to narrate the
character’s emotions, attitudes and preferences to help them further
convey the rationale behind how they would desire to interact with
a crisis app, and why (e.g., see Scenes 4, 7, 9, 13, 14). For some of
the scenes in the storyboard, participants were asked to select their
most preferred option from the options listed (see Scenes 6 and 7 in
Figure 2). Through the storyboard, participants were also prompted
to identify their willingness to provide information which is often
required during emergency response [52] (see Scenes 16 and 17).

At the end of the storyboard activity, one participant was ran-
domly chosen to present their storyboard to the other participants
in their group, who then discussed similarities and differences
with their own storyboards. The group discussions enabled partic-
ipants to agree with and challenge perspectives and attitudes of
one another. At the end of the storyboard discussion, the modera-
tor thanked the participants and moved to the next portion of the
session.

The average total time taken for Part 1 and 2 was 110 minutes
and ranging between 100 and 120 minutes.

3.2.3  Part 3: Survey Assessment. Upon completion of Part 1 and 2
of the focus group, each participant individually completed a survey
consisting of four sections: 1) demographic information, 2) sense
of control, 3) social relationships, and 4) digital readiness?. Each
of these attributes were measured to capture how they relate with
participants’ choices and preferences for tools that facilitate com-
munity support. To identify a set of survey measures, we reviewed
the literature for widely used, validated scales that contained strong
psychometric properties [35, 44, 75]. The resulting scales were cho-
sen due to their high reliability in measuring the attributes of focus
in our study.

We assessed sense of control since it often relates to an indi-
vidual’s ability to make decisions in times when stress is mount-
ing [79]. Moreover, prior work has found that the act of engaging
with available support resources, a demonstration of sense of con-
trol, enhances older adults’ resilience during disasters [51, 69]. Yet,
these studies missed to understand how sense of control relates to
older adults’ preferences for digital tools that support them during

2 All survey questions are available in the supplementary materials.

crises. We used a widely employed questionnaire by Lachmann and
Weaver [44] to measure participants’ sense of control. Participants
responded to a series of questions with a 7-point Likert scale (1 -
Strongly Disagree, 7 - Strongly Agree) on personal mastery and
perceived constraints. Higher scores on personal mastery reflect
a greater sense of control and independence (i.e., personal control
over one’s life circumstances) [66], while higher scores on perceived
constraints reflect a greater feeling that one is controlled by exter-
nal factors (i.e., individuals’ self-estimated constraints that prevent
completion of tasks or successful goal attainment) [66]. Thus, a
person with high personal mastery and low perceived constraints
is associated with a high sense of control [44].

Social relationships were assessed to gauge the level of con-
nections our participants had with their family and friends, since
personal connections are often found to be the primary resource
that older adults seek assistance from during disasters [7]. Fur-
ther, social relationships and connectedness are found to be closely
tied with community resilience [19, 36]. The level of connections
were measured using social contact questions from the MIDUS
survey [75], a national longitudinal cohort study on social rela-
tionships. Participants were asked to rate the frequency of being
in contact (e.g., visits, phone calls, letters, or emails) with their 1)
family members that are not in their household, and 2) friends, on
a scale of 1 (Never or hardly ever) to 8 (Several times a day).

Given our focus on exploring future opportunities for the design
of crisis applications, familiarity with technology was critical to
ensure that our participants had the background knowledge and ex-
perience to engage in dialogue, critique and design ideation around
crisis apps. Distinct from prior work [96], our study focus on older
adults who used technology on a daily basis. Correspondingly, we
include survey questions to assess participants’ digital comfort and
readiness using a 4-item instrument from a questionnaire used by
Pew Research Center [35].

After the completion of the survey, participants were thanked
by the researchers and received $40 cash as compensation for their
time.

3.3 Analysis

We utilized the methodological approach of triangulation [42], com-
bining qualitative and quantitative data to gain a deeper understand-
ing of how participants’ responses during group discussions and
preferences regarding crisis apps tools complement their survey
results.

For the survey data, we utilized descriptive statistics (average and
standard error) to characterize our participants’ sense of control,
social relationships, and digital readiness. Results from the survey
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Lily is 70 years old and active in her
neighborhood community. Since she
lives near a coastline, Lily is proactive
about taking precautions for potential
emergencies in her area. It is important
for Lily to be prepared for any
emergency because she:

(circle all that apply)

Lily feels she often receives news very
late because she rarely watches TV or
listens to the radio. She wants to use
an application on her mobile phone
(called an “app") o that she can
receive emergency information about
the area she lives. However, Lily has
few concerns regarding an emergency
information app.

Lily's concerns about an emergency
information app are that it:

(choose up to 3 options or write your own

in the blank spaces)

is not trustworthy ‘

is not helpful

Lily's biggest concern is that it

M)‘ Comppmise \er Qe
(write the most important option you

selected here)

While visiting the senior center, Lily
sees a poster about a new app that
gives early warning for active hazards.
Lily feels the app will relieve some of
her anxiousness about emergencies, so
she downloads the app on her phone
to learn more about it.

(choose up to 3 options or write your own
in the blank space)

‘ \/Ernergency / Weather Alerts —’

The most important feature for Lily
is

Request fur Cvev cpre, Bon'os

[ J sheter " ‘

(writé the most important option you

selected here)

\/ Request for Emergency Assistance

because

g' Tips to be more Prepared

: h

Ye peeqated, she werte

Vs wovvred Yt she way

£ Wi

L Traffic

|
- 4
A B

Ve veassured M i someone.
Wil towe 4o her reseue

®

@ I§ weeded.

a community discussion where she can
join a group of people she knows to
share emergency information with one
another. She would like to join a group
with:
(mark all that apply)
Xfamily or friends living nearby
5 family or friends living farther away
TX her neighborhood community
her senior center community
1 her religious group community
[ her volunteer community

[ other:

(write in an emotion)
of her close friends already downloaded
the app and are in the same group she
joined.

@) has responsibilities for others / i because
is too complicated for h
b) needs assistance/help L hi i he Vo vead and Lard
@ is concerned about her property R
@ is worried about the risk / may compromise her prvacy Lin
) other: &@@Sﬁhw&lfﬁ_ﬂ.ﬂd_ .
Thet sKe Peels way put”
L ‘ her af visk .
M @ ® @ ®
, R
On the app, Lily looks for: One of the features the app provides is | Lily is to see some Lily just got done having a knee

replacement. Due to the surgery, she
needs to stay at home. Since her time
outside of the house is very limited,
she feels_sneions and Lonel

(example: less social, lonely)

The app sends Lily an alert about
potential flooding hazards in her area
and she is very worried. Lily is still
recovering from her surgery and wants
to ensure she has help in case of an
emergency evacuation.

&)

Lily feels the most comfortable
receiving help from:

(choose up to 3 options or write your own
in the blank spaces)

’ \/ her neighbors/friends

+/ local emergency personnel —‘

\/ her family

b |

3

She preferred to get help mostly from
v« Slends
(write the most preferred option you
selected here)
because

she ts uncomBrbble

ers assist

e

e &

Thankfully, Lily does not need to
evacuate. Then a few minutes later,
the app sends her a notification about
a new feature that is available. The
updated app now allows Lily to request
emergency assistance at the touch of a
button. She feels this new feature will
be . J
(write how the feature will affect)

for her.

In order to use the assistance request
feature, Lily needs to fill in a large
amount of additional information in
the app. She is not sure if she is
comfortable providing all the required
information.

5

Lily knows she is comfortable providing
information about:

(mark all that apply in each category)

ional Information:

M Primary care physician

Pe formati

= Full name

W Email address

I Residency address

O Mailing address

5 Primary phone and type
O Date of birth

O Height and weight

O Gender

O Eye color

¥ Emergency contact

B Secondary contact (out of area)

5 Home health care provider

B Caregiver

® Pharmacy

X Home medical equipment provider
X Additional health care center

Emergency Assistance Needs:

B Physical or Cognitive limitations

X Medication or Nutritional
restrictions and schedules

& Medical Equipment requirements

[ Transportation assistance

& Communication accessibility

I, Caregiving
Bkserizasnimaision pets information

A few days later, Lily receives an alert
from the app about a hurricane path
heading close to where her brother
Sam lives. Lily is worried about Sam
and tried calling but he did not
answer. Lily realizes that she needs to
find out more information about the
hurricane.

Lily uses the app's community
discussion feature to join Sam's
neighborhood group to see how others
are doing. There are a lot of messages
but she still doesn't know if Sam is
okay. She sees Sam's friend name,
Kate in the group members list and
decides to message Kate directly
through the app, hoping to get an
update about Sam.

Lily receives a reply from Kate saying:

“Hi Lily, Sam is with me. We are
waiting for the bus to pick us up to
evacuate. Emergency response team
said our house won't be affected but
we don't want to stay at home if
there’s no electricity. Sam says he will
call you once we reach a safe location.”
Lily feels relieved reading Kate's
message and is glad the app notifies
her about the safety of her loved ones.
Lily is pieased with Sam's community
for taking quick action to provide
safety.

Lily opens Sam's neighborhood group
and sends a message to inform
everyone that Sam is on his way to a
shelter. Lily hopes that other people in
the neighborhood who sees her
message will know there are assistance
available for them.

Suhaimi et al.

Figure 2: An example of a completed storyboard with the order of the storyboard scenes labeled from (1) to (20).
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are presented in section 4. Group discussions were audio-recorded
and transcribed verbatim for analysis purposes. We conducted an
inductive analysis of the transcripts [76] using the NViVo 12 Pro
software [55]. In the coding process, we first employed attribute
coding and structural coding, dividing the transcript data roughly
into two main categories: needs during emergencies and attitudes
towards tools-supported crisis apps. Next, within each category, we
read the transcripts line-by-line and created codes to label concepts
in the data. We then clustered low-level codes to form higher-
level themes, which include the elements of community resilience.
Results from the inductive analysis are presented in section 5.

3.4 Reflexivity & Positionality

The authors of this paper include graduate students and professors
from different racial and cultural groups. While none of the authors
are older adults (65 years and above), all of us have family members
and close friends who are in this cohort, and have had experienced
emergencies and crises. The first and second author grew up in cities
that were frequently hit with natural disasters. As a result of roots
and familial ties to these high-risk regions, we feel a strong affinity
to the challenges faced by our communities. During times of crises,
the first and second author’s aging parents and grandparents have
utilized mobile apps for informing us on their safety. And yet, they
have also faced challenges in using these tools in risk mitigation, and
thus, failed in addressing their needs. Our positions offer us a unique
perspective when doing research on the ways in which mobile
technologies become both enabling and constraining in assisting
older adults in times of crises. In addition, we had the privilege
to work alongside our team members who include researchers
with prior experiences conducting studies at the intersection of
older adults and HCI. Leveraging our experiences in these fields, we
designed our focus group study, starting with semi-structured, easy-
to-answer questions to give voice to those whose views are rarely
heard, as well as engaging older adults to co-create technologies
that meet their needs and requirements (i.e., storyboard activities).
In short, given how communication technologies have been and
will continue to play an important role in our day-to-day lives, and
since there are rarely mobile applications built with considerations
for older adults’ needs in times of crises, our research has focused
on how technological innovation can be sensitively and effectively
created with and for older adults.

4 SURVEY RESULTS

To provide background of our participants, we present an analysis
from the survey regarding sense of control, social relationships,
and digital readiness.

Figure 3a shows the average and standard error ratings on per-
sonal mastery and perceived constraints for the participants. Over-
all, our participants reported greater personal mastery (score>5)
and lower perceived constraints (score<3), demonstrating a high
sense of control and independence (see subsubsection 3.2.3 and list
of questions in Appendix). As for social relationships, on average,
participants communicated with their family and friends at least
once a week (score>5), as shown in Figure 3b. As we targeted in-
clusion of older adults with daily technology use, our participants
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also are classified as “digitally ready” (score>3), where they are
comfortable and confident using technology independently.

In the next section, we present how these characteristics link
to our participants’ disaster preparedness and their preferences
towards crisis informatics tools in enhancing community resilience.

5 FINDINGS

In this section, we present our findings from the group discussions.
Specifically, we examine how older adults’ preferences for crisis
informatics tools are consistent with the key elements of community
resilience: local knowledge, preparedness, community relationships,
and communication.

5.1 Addressing Situated Vulnerability and
Preparedness

As described in section 2, community resilience involves four elements—

local knowledge, preparedness, community relationships, and com-
munication [58]. In this section, we describe how local knowledge
and preparedness are linked to participants’ situated vulnerability
and preparedness. We define situated vulnerability as vulnerability
related to spatial and temporal aspects of residing in a particular
location.

5.1.1  Situated Vulnerability. Vulnerability in older adults has often
been described as being related to physical and mental abilities
to take actions and make decisions pertaining to one’s safety [79].
However, our participants described how their vulnerability was
not attributed to their physical and mental challenges of being
an older adult but instead was attributed to residing in a coastal
location with significant seasonal tourism.

Our participants discussed how their geographical situatedness
informed their risk perceptions and preparedness. As P08 stated,
when describing the challenges of evacuation during crises, ‘T think
if you have to leave [the area] it would be extremely difficult.”. Our
participants reside in a coastal area in the Northeastern United
States which is connected to the mainland via bridges. The unique
geographical features of the region limit the ability for emergency
evacuation. This limitation was described by P10, “And the thing is,
it’s a bridge. If it’s a tsunami or terrible winds, we’re not going to get
over that bridge.”. Further, this limitation varies with the seasons.
During summer, the increased tourist population exacerbates the
difficulties for evacuation. P06 described the situation from his
personal experience:

P06: “If [the wind is] 70 miles an hour or greater
during a blizzard or a hurricane, the bridges are
shut down...the evacuation route means nothing
because you won’t be able to evacuate. Think
about what happened when Hurricane Edouard,
and Labor Day weekend of 1996... this hurricane
had formed, and it was coming straight up and
was going to be hitting the [area]. Everyone tried
to leave the [area] over Labor Day weekend...and
you had tourists, everyone, there was a backup ...
all the way to the bridges.”

While there is a population increase in the summer, in winter,
many residents, referred to as “snow birds”, leave the region for
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Figure 3: Average and standard error ratings by participants on the sense of control [44], social relationships [75], and digital
readiness [35]. Sense of control is rated from 1 (“strongly disagree”) to 7 (“strongly agree”), social relationships are rated from 1
(“never or hardly ever”) to 8 (“several times a day”), and digital readiness is rated from 1 (“not well at all”) to 4 (“very well”).

warmer climates. Participants who live by themselves described
the situation as “peaceful”, but “isolated”, resulting in a “lack of
immediate support”. In fact, one participant (P04) described how
she was unable to ask for help during a power outage that lasted
for several days since her closest neighbors were not in the area
and she had limited mobility to travel farther than her house.

The situated vulnerability, as described by P06 and P04, while
causing unique challenges, has also influenced participants to ac-
tively prepare for crisis events. P03 described:

P03: “..because we cannot leave this island. As
much as we don’t want to admit, this is an island,
and we’re separated from the mainland by those
two bridges. So I think our preparedness...we have
to not think about evacuating, leaving here, but
what we’re going to do...how we’re going to sur-
vive here. So I think our situation ... is different
than other parts of [the state].”

P03’s description exemplifies the awareness of the situated vul-
nerability faced by our participants. This awareness has induced
the desire to make preparations to shelter-in-place in emergencies
(i-e., “not think about evacuating”). Next, we describe the actions
taken by our participants in their emergency preparations.

5.1.2  Situated Preparedness. The effects of a disaster, whether
short-term or long-term, can be mitigated if a community under-
stands its existing vulnerabilities [58]. These vulnerabilities, if ad-
dressed prior to the disaster, can induce the building of resilience
within the community [21]. Here, we define situated preparedness
as the actions taken to prepare for disasters which are influenced
by situated vulnerabilities [9].

Extending upon the discussion of situated vulnerability, our
participants described various examples of situated preparedness,
including having home generators and battery-operated radios.
For P06, commonly occurring power have been mitigated through
the use of an “at-home” generator. On the other hand, 9 out of 18
participants (P01, P03, P07, P08, P12, P13, P15, P16, P18) stated that
they currently have a “go-bag” or emergency kit prepared in case
of emergencies. P08 described the details of her “go-bag” and why
she prepared such a bag:

PO08: ‘T have a go-bag... I put a month’s worth
of medication...And I update my medication...I
rotate it to make sure I have a month’s worth of
medication...I have three days of clothing, be-
cause I figure you can wear it, you can rinse
out, whatever. I have the little packets of Tide for
washing. I have everything in this one bag...So
many things that you don’t think about, but
I learned this after 9/11 when the government
came out with, I think it was FEMA [who] recom-
mended that everyone have a go-bag no matter
where you live.”

In describing these preparations, our participants emphasized
the importance of knowing when emergencies can happen. While
participants identified many tools they would like in a crisis app,
almost all (17 out of the 18 participants), chose “emergency and
weather alerts” as their most preferred tool. Our participants further
described how this feature must be “location sensitive” and “up-to-
date” so that preparations can be made in advance and emergency
assistance can be provided without delay.

The importance of receiving alerts about upcoming crisis events
were further explained by P02: ‘T had to know what’s coming so
that I can best determine how to prepare for it...as it impacts my
action.”. P02’s description of wanting to take proactive action ex-
emplifies participants’ desires for crisis app features that support
their sense of control in disaster situations. While the desire to
know about potential hazards (“know what’s coming”) is reflective
of a high levels of personal mastery reported by our participants
(see Figure 3a and subsubsection 3.2.3), being informed about steps
to stay safe helps them navigate through disaster, thus lowering
their perceived constraints. In addition, since a heightened sense of
control helps enhance preparedness among older adults during dis-
asters, features that assist in maintaining this sense of control were
preferred as these functions can further strengthen their awareness
of emergency preparedness [78].

Nonetheless, the alert features chosen by participants may be
purposeless if the users do not enable or unintentionally disable
the location services for a crisis app. One participant described how
this issue is common among older adults.
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P06: “What you're saying about location...A lot
of [older] people don’t realize it, that if you don’t
have your GPS turned on on your phone, you
will not get any of these alerts. Because there’s
no way for them to know where you are and
the location you’re in. So when you go on your
settings on your cell phone, you have to make
sure that where it says GPS, that that’s turned on.
Otherwise, you're not going to get any service.”

Another key preparedness strategy noted by our participants
includes making sure that they are reachable by emergency man-
agers. Beyond the toll that isolation can have on the mental health
of older adults [16], isolation can be dangerous if emergency re-
sponders can not reach older adults quickly during emergencies.
Some participants (P04, P07, P09) mentioned that their enrollment
in emergency notification systems in their towns are part of their
preparedness strategy and how the enrollment made them feel safe
and secure. P04 described the utility of the enrollment:

PO04: “You can sign up to be on this emergency
[notification system]...they do call us if there’s
some sort of emergency...I have a cellphone, and
they called that...so they called when the power
was out, when they said just to be aware if you
need to go somewhere. I signed up for it when I
was widowed...It’s another peace of mind, really.
Knowing that if something should happen...”

The actions described by our participants, whether preparing an
emergency kit or enrolling in an emergency notification system,
are reflective of the preparedness element of community resilience.
While their preparedness actions may be induced by their knowl-
edge and awareness of their situated vulnerability, these actions,
focused on taking charge of their own safety and well-being, may
also stem from participants’ high sense of control. This is reflected
through the fact that participants wanted as much information
as possible about weather and emergency alerts from crisis apps
to be well-informed (e.g., P02), indicating high personal mastery,
and equipping themselves with emergency kits (P08) or generators
(P06), indicating low perceived constraints.

5.2 Enhancing Active Community Role

While prior work has identified multiple ways for older adults to
participate in community-based activities and interpersonal interac-
tions [6], it has not addressed how such participation can enhance
older adults’ community resilience.

Paralleling the high levels of social relationships reported in the
survey, 14 out of the 18 participants chose the feature of being able
to join a group with friends and family as important for the crisis
app (see Figure 3b). Participants also highlighted the importance
of similarly being able to connect with neighbors and community
members so that they can be aware of each others’ well-being. In
particular, P12 stated that “Well, if you are not at your home... and
you can communicate with your neighborhood community, maybe
somebody [who is] still at home, and can say, "Your house looks okay.”
P12’s description of wanting to connect with neighbors during
emergencies is an example of how older adults depend to those
living close to them and provide support to others.
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Other participants described how being able to connect with
community groups they participate in, such as “writing groups”
(P08) and “walking groups” (P05) can be an extension to the support
provided by a crisis app. They stated how such connections have
made them feel a sense of belonging to the extent that other group
members “checked up” on them, especially when they are absent
from group events.

These relationships have increased the opportunities for older
adults to play an even more active role in their communities during
crises. For example, P11 described the help she provided to her
neighbor during a tornado.

P11: “My neighbor was up on a ladder repairing
a window on the second floor when I was sit-
ting in the house and got the [tornado] warning...
It was raining at some point, and I said to my
husband we have to get down in the basement,
and then I remembered seeing my neighbor, so
I went out the front door...and I started yelling
to [my neighbor]...so about a month later, I saw
[my neighbor]| and [my neighbor] stopped and

EE

said... You saved my life’.

P11’s description highlights the active role played by our par-
ticipants in their community simply by notifying others about
upcoming emergencies, so together they can make preparations to
stay safe. In parallel, these findings highlighted how older adults are
critical resources for providing support and assistance to their com-
munity members, a contrast to the findings in previous work [79].
By facilitating these opportunities, through technology or other-
wise, older adults can continue to support their communities and
be a beacon to provide others with assistance. In other words, a
feature that facilitates informing neighbors of emergency alerts
and sharing other pertinent information about their well-being or
safety was identified as a key feature of crisis informatics tools that
would enhance community resilience.

Beyond notifying others about emergencies, a group formed
through the crisis app can be useful in identifying those who have
the means and methods to shelter-in-place during emergencies. For
example, P01 described how if she had such a crisis app, she would
be able to know if someone close to her house had a generator dur-
ing a power outage. P10 continued the conversation by explaining
how a group would be useful for her.

P10: “Well if your electricity is out it’s nice to
know who else’s electricity is out. Because we
have neighbors we’ll call and say, “Do you have
electricity?” Just so you know how far down...
And I know a girl that lives over... And I know
when hers is out that it’s a bigger problem than
if just my next door neighbor’s out, because I
know the line she’s on. If only [the main area] is
out, it’s a big deal, because it’s coming from the
town. If we’re both out, we know it’s a transmitter
somewhere and they’re just going to fix that.”

P10’s description of the benefits of forming and joining groups
in a crisis app demonstrates another way community resilience,
through community relationships, can be developed among older
adults and how such relationships can assist them in playing active
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roles in their communities. Correspondingly, the community rela-
tionships (with neighbors) described by P10 and P11 may also relate
to their sense of control, instilled by becoming involved in commu-
nity activities through the creation of a “virtuous circle” [77].

While we describe how these community relationships can occur
between older adults, in the next section, we describe how commu-
nity relationships are developed with emergency responders and
how effective communication through crisis apps can support this
relationship.

5.3 Accessing Emergency Support and Networks

As shown in Figure 2, the storyboard prompted participants to list
individuals or organizations that they felt comfortable receiving
emergency assistance from. Contrary to previous studies which
found that older adults would prefer getting help from friends and
family [79, 96], our participants indicated that they highly preferred
support from local emergency services, despite their high social
connectedness with friends and family (see Figure 3b). Our partici-
pants discussed how their independent living conditions, living in
their own homes rather than group settings, have persuaded them
to be more reliant on government support services which are closer
to them than family members and have relevant knowledge and
expertise. Correspondingly, they focus on creating deeper connec-
tions with local emergency response agencies. For example, P03
described how the effectiveness of her local emergency responders
(EMT) made her reliant on them:

P03:“T’'d end up calling the emergency person
out. They are unbelievable... because the other
people are worried about themselves. They never
make you feel [like you are one of] a million
people having problems... Because it doesn’t even
have to be the ambulance. They could call the
community center and get a transport to you.”

Similar to P03, P13 explained that he chose to have emergency re-
sponders as his primary support due to the convincing conversation

he had with the local fire department. He was told to “anticipate”

the assistance he would need so that assistance can be provided to
him without delay.

Differing from P03 and P13, P01 and P17’s confidence in their
local police and fire departments stem from the constant commu-
nication that was provided during past emergencies. Specifically,
P01 stated that local responders were proactive in contacting the
community during severe events and therefore made her engaged
with them. As for P17, she described her experience with the local
police:

P17: “The police are very good about calling if
it’s electricity, a storm, or a surf warning. They
also are very good about telling you the time
frame and keep you updated. So, they not only
give you the information but they tell you what
to expect and what to do in terms of, particularly,
[when] we have a lot of wires that come down.
Not to go near them. They give you what to do
and the time frame on all of those. They do give
you a call each time.”
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While the reliability of emergency responders led our partici-
pants to prefer them over family and friends for receiving assistance
during emergencies, participants’ preferences may also reflect their
sense of control. The emergency responders highlighted by P13 and
P17, police and fire personnel, are resources that can be accessed
and reached out to for fulfilling their emergency needs, which is
linked to older adults’ sense of control and independence [34].

Other than support from services mentioned above, our par-
ticipants described the importance of getting information about
emergency shelters. Even though sheltering at home is preferred,
our participants wanted information about shelters beforehand, es-
pecially when public buildings are utilized. For them, knowing the
location of the shelters will enable them to make preparations as to
the items they will need during a potential stay. P09 raised multiple
questions to consider when learning about shelter locations: “Do
they have beds? Do they have blankets? Do I need to bring anything?
Do they have plugs you can charge your cell phone? Can I bring my
own pillow? Will there be food provided?”. She then stated that the
answers to these questions “..would be helpful to know so you could
plan accordingly.”

Other than the location, knowing the current capacity of the
shelters can also be helpful as the crowding, noise, and lack of pri-
vacy in a shelter may increase one’s mental and physical burden [1].
Our participants discussed how crowding at shelters often creates
more problems. One participant described her experience in the
shelter:

P12: “Sometimes, you go to a shelter though and,
I don’t know how many people have been in a
shelter. But because we had to leave, we went to
the shelter and we were in one room. But every-
body was being brought in because the whole of,
one half of [the] hall was underwater. The other
wasn’t. 'm going to tell you it’s quite an experi-
ence and I don’t know how many people would
remain in a shelter if they were really put there.
We left the shelter the next day. I signed out. I
had to sign a paper that I was signing out. It was
beyond chaos. But you took that responsibility
upon yourself.”

Other than location and capacity of emergency shelters, two
participants (P06, P08) appreciated knowing if the shelters allow
occupants to bring along their pets. The preferences mentioned
by P06 and P08 are particularly important following a study in
Miami-Dade County that found 35% of older adults have pets and
reported needing pet evacuation assistance [22]. The same study
found that the low number of pet-friendly shelters in the county
has increased older adults’ vulnerability during Florida’s hurricane
season [22].

Based on the feedback from our participants, there are multiple
opportunities for crisis apps to enhance support for older adults in
their protective decision-making, whether in seeking emergency
services or emergency shelters. As P07 said, It helps you prepare
for what you’re doing while you have the opportunity to prepare for
it”
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5.4 Trust and Agency in Crisis Apps

We presented how the elements of community resilience in terms
of local knowledge, preparedness, community relationships, and
communication can be enhanced with older adults’ preferences
on crisis informatics tools. Some of their preferences were in part
parallel to our earlier findings on their sense of control and social
relationships. Here, we describe our findings on participants with
knowledge and experience with technology (i.e.,‘digitally ready”)
were willing to engage with crisis apps following their trusts and
agencies in the applications.

5.4.1 Submitting to Cost of Personal Information. To our knowl-
edge, no prior work has explored the compromise older adults
have to make in receiving support and services during emergen-
cies. Specifically, enrollment in emergency management systems
can include providing personal information that is often accessible
through healthcare providers and protected by Health Insurance
Portability and Accountability Act or HIPAA [82]. For example,
New Hanover County in North Carolina requires a long list of
information from their special needs constituents when signing
up for their emergency management system [52]. For some users,
providing this information make them vulnerable to possible fraud
and may threaten their privacy. But, without the critical and timely
crisis and risk information, support during emergencies may be
delayed, especially when medical attention needs to be provided.
We explore the critical need of information for emergencies by
seeking to understand which types of information our participants
were willing to provide on a crisis app.

Beyond general information such as name, phone number, emer-
gency contact, and address, all participants were in agreement that
they were comfortable providing details about their primary care
physicians and pharmacies. Some participants described the tra-
ditional way of posting the information on their refrigerator but
acknowledged the importance of a trusted third-party, such as the
emergency managers, having the information as well. One partici-
pant explained why providing the information would help during
emergencies:

P09: “Tthink the primary care physician is a good
thing because I think a place that would have
your patient number included on that. And then
they could just say, ‘We’re with patient number...
Whatever your number is. And then they can
go into your history... Hopefully someone goes
in and can say her blood type...You know they
have everything. And that’s the reason why this
kind of information is important as well is when
evacuation really happens and you don’t have
enough medicines for yourself, you want to make
sure that you have those medications...or maybe
the closest center has you medication on hand so
they can actually give it to you. Because one of
the reasons are medication.”

Participants also discussed providing details of home health care
and medical equipment providers for those who utilize them. They
also noted that other older adults they knew who had caregivers
at home, and that providing this information may help emergency
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response processes. Interestingly, only one participant supported
providing information that is more specific to a person, such as eye
color, height, and weight. Other participants described “not seeing
the reason” to provide these information, but one participant, P08,
stated how the information is helpful in making sure the providers
are not assisting the wrong person.

Our findings in identifying the kinds of information that older
adults are willing to provide can help emergency managers de-
velop crisis apps that support both the entry and privacy of the
information. Ultimately, the usefulness of a crisis app is contingent
upon the use by the individuals who provide information and the
managers who utilize the information. Some information, such as
eye color, may seem required by responders but may not be seen as
mandatory from the perspectives of the users. As such, it is impor-
tant to examine to what extent the perceptions of the usefulness of
“required” information in the crisis apps are aligned between infor-
mation providers (i.e., older adults) and information requesters. The
discrepancies in the perceptions of different stakeholders should
provide important implications for design. Therefore, underlining
information that is required and optional may encourage older
adults to enroll in the crisis apps while supporting the planning for
emergency response deployment. In our study, participants high-
lighted the benefits of providing the information, as described by
P18: “You're making their jobs harder if you don’t give them the tools
that they need to help you.”

5.4.2  Subscribing to Crisis Apps. One common theme that featured
in crisis informatics research is the reliability of crisis apps [96]. Our
study did similarly addressed this theme. Throughout the group
discussions, our participants discussed their trust in mobile appli-
cations, especially since our storyboard prompted their willingness
to submit personal information through a crisis app. In particular,
P03 described how her willingness to provide information must not
be confused with the willingness to subscribe to any kind of crisis
apps. She wanted to know who and where her information was
going and the security of the system that handles her information.
The requirements were further explained by another participant:

P06: T think who also sponsors the app. Who
is the seller of the app? I know I would be leery
about downloading something until I know, num-
ber one, does it work, but also number two, the
reputation. What is this group? Who is this group?
Yeah, and what are they going to do with that
information? ...I'm equating it to something very
similar to Facebook. Very innocently [until] it’s
exploded in what it’s become, but also the vul-
nerability that people have, and without even
realizing it.”

On the other hand, some participants (P05, P07, P08) described
how crisis apps should be maintained by a single trusted entity since
the information from multiple sources can be confusing to them
when trying to decide the best protective actions to take. In par-
ticular, P07 described his experience with conflicting information
from multiple sources during 9/11 were a result of misinformation,
which creates more confusion than assistance. In describing the
trusted entity, P05 described that support for the app by a trusted
organization, such as senior centers, could improve adoption:
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PO5: “See, I would like to think that the senior
center here, if that [crisis app] became avail-
able...simply say, "After some research, we feel
comfortable that this could be a potential tool
that could be useful in the future." That would
give me a little bit of warm and fuzzy feeling.”

The above findings highlight participants’ willingness to engage
in crisis apps by providing personal information for the sake of
safety. The findings that relate to privacy concerns were one of the
most common barriers found in crisis apps intervention, especially
among older adults [37]. Participants described how the barriers
could be overcome by identifying trusted agencies that deploy the
crisis apps.

6 DISCUSSION

Our findings illuminated how crisis apps can be utilized to build
and enhance community resilience during emergencies. This is
described through participants’ choices of tools and features that
they deemed important to help them during emergencies. While
chosen based on the needs of participants, these features are aligned
with the elements of community resilience [58]. We conclude with
a discussion encapsulating the interplay of community resilience,
crisis informatics tools, and older adults. Further, we discuss oppor-
tunities for supporting older adults’ usage of crisis apps.

6.1 Enhancing Community Resilience via Crisis
Informatics Tools for Older Adults

Prior work has found that the core to community resilience is local
knowledge, preparedness, community relationships, and communi-
cation [58]. Our findings suggest how these elements are enhanced
with older adults’ preferences for crisis apps. For example, we de-
scribe local knowledge pertaining to a disaster context through
situated vulnerability, or vulnerability related to the residing lo-
cation. Our findings show that awareness and knowledge about
the risks and hazards associated with the geographical location
influence how older adults prepare for crisis events. Our partici-
pants discussed how crisis apps that notify about severe weather
and emergency forecasts, would enable them to take protective
actions and make decisions pertaining to their safety. While tools
that notify about upcoming disasters may be common in crisis
apps [74, 96], an understanding of how these tools can enhance
community resilience must be continually addressed. For example,
these same tools may be accompanied by messages from local emer-
gency responders providing older adults with tips and guidance for
preparations, ultimately reducing negative outcomes from lack of
preparedness [69, 79].

Preparedness, as described in our study, also helped participants
build community resilience as it included utilizing community re-
sources (e.g., emergency notification systems). While studies have
mentioned the importance of preparedness in building commu-
nity resilience, few described the types of preparations involved
in mitigating the effects of disasters [58]. Our findings described
the details of preparedness actions taken by older adults residing
in coastal locations. These preparedness strategies, while easy to
deploy (e.g., preparing an emergency kit), remain unexploited by
many older adults [96]. Through crisis apps, customized tips can be
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made available for older adults so that they can better prepare for
their unique conditions (e.g., climate, altitude, etc.). For example,
older adults residing in areas prone to wildfires may require respira-
tors in their emergency kits [24]. The preparation for planning and
mitigation measures can support sustainable response and recovery
by the community and reduce the likelihood of harm and danger
to older adult communities.

Similarly, both local knowledge and preparedness may be re-
lated to concepts of the Protection-Motivation Theory [67], which
helps explain how individuals are motivated to react in a protective
manner in response to a perceived threat [89]. Previous studies that
have utilized this theory in disasters contexts, such as floods [15],
bushfires [89], and the COVID-19 pandemic [39], have focused on
the general population. Therefore, future work may consider using
Protection-Motivation Theory to examine the role of technology in
enhancing community resilience, and to explore how technology
can support marginalized communities (e.g., older adults) in their
threat and coping appraisal.

The importance of community relationships between older adults
and emergency responders was highlighted in the emergency sup-
port preferences of the participants in our study. Other studies
report that older adults often seek support through familial connec-
tions during emergencies [7, 21]. For example, Ashida et al. stated
that the ability to interact frequently with family and friends is an
important implication for the availability and accessibility of sup-
port sources during emergencies [7]. Their study further explained
that the frequency of interactions via phone or internet was shown
to be an important predictor of being selected as a source of emer-
gency support. However, in our study, we found that older adults
with a high frequency of social contact—with family and friends
via all kinds of interactions (i.e., face-to-face, video, phone, text
messages, etc.)— still prefer to receive support from professional
emergency responders who have knowledge and expertise to assist
them during crises. Even though expecting that they need help may
suggest high perceived constraints (contrary to Figure 3a), actively
choosing who they want to receive assistance from represents a
high personal mastery. When coupled with a computational arti-
fact that provides a critical support function for older adults, these
relationships enhance the community resilience factors that are
essential in disaster response efforts [46]. For example, our partic-
ipants described how crisis apps that featured the ability to form
and join specific groups could support their decisions and actions
during emergencies. They sought to join groups with those living
nearby and who they have established community relationships
with.

The efforts for facilitating community relationships must then
be coupled with communication protocols that enable older adults
to not only support themselves but each other. Our findings show
how older adults play an active role in the community by shar-
ing critical information and providing support and assistance, in
ways as simple as sharing at-home generators. Previous studies
have shown how power outages have led to worsening conditions
for older adults and how these findings do not significantly differ
between older adults who live alone or with others [11]. Through
the ability to communicate with personalized groups, older adults
are empowered to engage with their communities, reducing social
isolation and loneliness [29]. More importantly, by supporting each
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other, older adults can become a beacon for emergency managers to
contact isolated members of the community. For example, they can
influence others to enroll in emergency notification systems or to
engage with community organizations. When deeper connections
are made, the community grows together to become more resilient,
especially during crisis events.

While we address the needs and preferences of older adults that
parallel with the elements of community resilience, we acknowl-
edge how community resilience itself includes the participation
of organizational leadership. Elements of local knowledge, pre-
paredness, community relationships, and communication need to
be supported by the organizations that deploy the crisis apps since
community resilience itself is constrained by both the abilities
of individuals and collective efforts to achieve desired ends [64].
Nonetheless, by addressing how community resilience can be en-
hanced through the design and deployment of crisis apps from
the perspectives of older adults, our findings call for attention to
structural leadership conditions, given the importance of resource
efficacy as described by our participants. Therefore, future work
should include engagement with emergency managers, particularly
those in coastal locations, to identify their attitudes and preferences
for crisis apps that seek to build and enhance community resilience
with older adults.

6.2 Opportunities and Challenges for Crisis
Informatics

Through the examination of older adults’ perceptions about the
utility of crisis informatics tools in enhancing community resilience,
we identified several opportunities and challenges related to the
development of these tools. First, we highlighted opportunities for
crisis informatics tools to include information regarding shelter
locations, features, and availability. Past studies about disaster pre-
paredness and implications for older adults have discussed how
older adults avoid staying in shelters during emergencies due to
overcrowding, noise, and lack of privacy [1]. Our findings show
that providing information about emergency shelters in crisis apps,
particularly when coupled with connections to their personalized
groups, can provide the opportunity for older adults to exercise their
sense of autonomy by supporting older adults’ decision-making
and actions for protecting themselves.

Our identification of preferred and required services addresses
a critical gap in the literature, specifically on the lack of under-
standing about the support and networks required by older adults
during emergencies. Beyond identifying the important features, we
additionally characterized the willingness of participants to share
information to facilitate receiving their preferred support services.
Having this information during the emergency preparedness phase
helps emergency managers delegate rescue and support tasks more
efficiently. In fact, decisions without reference to vital information
are often made from failure to have pertinent information in the
first place [68]. The utility in gathering information to make early
decisions for saving lives will significantly help an unprecedented
worsening situation. Ultimately, it is the joint inclusions of both the
most effective features and the information sharing by participants
that will make crisis apps most beneficial for emergency responders
and older adults.
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Nonetheless, collecting users’ information for the purposes of
emergency support requires the trust in both the information seeker
and the crisis platforms. In our case, the seeker is the emergency
responders, and the trust can be gained through regular contact and
connections as described by our participants. Our findings identify
how participants have a high level of trust with their fire and police
departments due to the departments’ reliability in delivering infor-
mation, help, and support. While this process may differ from one
location to another, our findings address the key needs to create
an appropriate communication infrastructure and to implement
strategies that can be coordinated in disaster settings. Further, we
identified the importance of users’ having trust in the privacy and
security features of the crisis apps to facilitate broader adoption of
this technology. Based on these findings, we encourage future work
to explore additional strategies to gain older adults’ trust in crisis
apps. Without a sense of trust, well-developed crisis apps may be
under-utilized, limiting the promise of crisis apps for older adults.

Finally, our findings demonstrate the need for crisis informat-
ics to not only support older adults to prepare for disasters, but
also to connect them with their community as a whole, which in-
clude their nearby family and friends, neighbors, and emergency
responders. The role of crisis informatics tools in achieving com-
munity resilience and supporting older adults during disasters are
immense, not only by facilitating these connections, but also by
providing support beyond information, such as tangible, emotional,
and esteem support. For example, our participants described how
community relationships built through crisis apps are useful for
sharing access to critical resources (e.g., generators), providing as-
sistance (e.g., checking on status of their house), or comforting each
other (e.g., checking on well-being). Specifically, participating in
community groups in web-based spaces (i.e., crisis apps), can foster
offline interactions between older adults [54, 99]. Extensions of this
work can include an increased focus on the use of crisis apps in
addressing these other types of support. Further, since the strength
of older adults comes partially from their accrued experiences with
multiple types of crisis events [49, 69, 72, 94], another extension of
this work should examine and compare these findings among age
groups.

6.3 Limitations and Future Work

Our work involved older adults with a heightened sense of control,
established social relationships, and digital readiness. While we
underscore the needs and preferences of these types of older adults,
we acknowledge how these identifications may not necessarily re-
flect the diversity of needs within the older adult population. For
example, our participants did not require assistance with activi-
ties of daily living (ADL). By contrast, older adults with severely
limiting physical conditions may not have the same level of sense
of control [10], familiarity with technology [5] and community
engagement [87]. Therefore, our findings must be interpreted cau-
tiously. It is also possible that some participants over-reported or
under-reported their sense of control, social relationships, and dig-
ital readiness. Nonetheless, the projection of growth in the older
adult population in the future [80] is likely to include growth in
cohorts with high levels of technological knowledge [63] and po-
tential readiness to engage in their communities. Thus, we must be
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forward-thinking in understanding how these shifts will change
methods of assisting older adults in the future, particularly during
crises.

Moreover, we reflected on how the timing of our study might
have influenced our findings and design implications. Recall that
our study took place before COVID-19 was declared a national emer-
gency in the United States [81]. Thus, our findings are limited to the
understanding of opportunities for technologies that promote com-
munity resilience in a world without social distancing requirements.
In the aftermath of the implementation of COVID-19 restrictions,
researchers have sought to identify strategies to promote commu-
nity connections among older adults [83] while social distancing.
Thus, crisis informatics research may consider investigating the
implications of these strategies for future systems, especially when
limits on in-person meetings with their community networks may
occur again. Such research may include understanding how critical
information about significant events is exchanged between older
adults to keep each other informed, while continuously ensuring
their well-being.

Additionally, we chose to engage older adults with digital readi-
ness as key informants that could help us investigate opportunities
and challenges that this design space represents. We specifically
sought this attribute when advertising our study as we project that
future older adults will have similar attributes, given the evolving
engagement of this population with technology [59, 63]. Still, we
note that soliciting the perspectives of older adults with low digi-
tal readiness is an equally important endeavor for future work to
ensure that a diverse range of perspectives are used to drive the
design of future systems.

Indeed, amidst the COVID-19 pandemic, during which many
older adults expanded their technology use to combat loneliness
during the nationwide lockdown in the United States [62] and
around the world [70, 85], we have observed increased digital readi-
ness among older adults. However, reports have also documented
the technological difficulties experienced by this population dur-
ing the pandemic. For example, researchers have described the
challenges that older adults have experienced when attempting
to register online for COVID-19 vaccine appointments [17, 90].
These contradictory findings highlight that while many adults are
increasingly engaging with ICTs, technological systems are not yet
meeting their needs amidst a crisis. However, while we recruited
participants who use digital technology on a daily basis, we did not
assess participants’ level of experience with existing crisis apps. Fu-
ture work may consider focusing on older adults who have utilized
crisis apps to examine their experiences with such platforms, and
how these experiences shape their desires for future tools. We refer
readers to the work by Zhang et al. [96] on how existing crisis apps
may support older adults’ sense of control, safety, and dignity.

In the future, we aim to include a more diverse older adult pop-
ulation spanning different races, levels of education, and income
levels, to understand how these factors influence their disaster
strategies, and how community resilience among older adults from
different backgrounds can be established and supported through
crisis informatics tools. While none of the authors are in the “older
adult” cohort, in the future, to further ensure that older adults’
perspectives are appropriately and fully reflected in the analysis
process, it may be beneficial to include older adults as members of
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the research team or as part of a community advisory board, and
to engage in member checking of the data with older adults.

7 CONCLUSION

The increasingly common natural disasters, public health emergen-
cies, and other crisis scenarios inform a serious need to examine how
we can better empower our older adult population. Our findings
shed light on opportunities for crisis informatics tools to promote
community resilience not only among older adults, but also with
their community members and emergency personnel through the el-
ements of local knowledge, preparedness, community relationships,
and communication.
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