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ABSTRACT

Dementia affects >50 million worldwide, causing progressive cog-
nitive and physical disabilities. Its caregiving burden falls largely
onto informal caregivers, who experience their own health prob-
lems, and face tremendous stress with little supportśall exacerbated
during COVID-19. In this paper, we present a new caregiver sup-
port perspective, where the lenses of health equity and community
health can shape future technology design. Through a 1.5 year long,
in-depth research process with dementia community health work-
ers, we learned how caregiving support technology can reflect key
concepts in dementia community health practice. This paper makes
two contributions: 1) We propose employing embodied cueing, such
as imitation or action mimicry, as a communication modality that
can align technology with community caregiving approaches, pro-
mote agency in people with dementia, and relieve caregiver burden,
and 2) We suggest new avenues for HCI research to advance health
equity in the context of dementia technology design.
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1 INTRODUCTION

Many researchers in HCI and related fields have been exploring
new technologies and design methods to support people with de-
mentia (PwD) [23, 32, 68, 75]. Much of this work has focused on
non-pharmacological treatments, such as reminiscence therapy,
where PwD recall life events to improve psychological well-being,
or sensory stimulation, which involves stimulating one or more of
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the PwD’s senses to encourage engagement and positive emotions
[5, 30, 40, 43, 50, 59, 69, 116]. Within the gerontology community,
the focus has shifted from primarily designing for PwD, to also con-
sidering the importance of how technology can support informal
caregivers [63]. These are unpaid family members or friends who
provide daily support to PwD, usually in the PwD’s home, including
support for activities of daily living (ADLs), like grooming, eating,
and mobility, and with cognitive functioning tasks (instrumental
ADLs (IADLs)), such as problem solving, scheduling, and managing
medication and finances.

Dementia caregiving is particularly difficult due to the unique
cognitive and physical changes in a PwD that necessitate increas-
ingly greater assistance from the caregiver as the condition pro-
gresses [82]. Many informal caregivers face heavy financial and
emotional burdens as they manage the physical and cognitive
changes in their loved ones over the course of many years [17, 79].
Informal caregivers are often older adults themselves, likely manag-
ing their own chronic health conditions in addition to those of the
PwD. Furthermore, the burden and stress of dementia caregiving
places informal caregivers at a higher risk of developing additional
comorbidities, negatively impacting their mental, cognitive, and/or
physical health [94].

A recent challenge facing informal caregivers and PwD is the
COVID-19 pandemic. Due to the higher likelihood of both being
over the age of 65 and having comorbidities, both parties are at
higher risk of disease-related morbidity and mortality. In addition,
the pandemic has disrupted their access to existing community
care ecosystems, including dementia day care facilities, support
groups, and other community resources, many of which have been
suspended due to social distancing policies. While some of these
resources have been replaced with video teleconference, due to
technology access issues, many community members remain un-
able to participate [102]. Collectively, these issues have resulted in
a high degree of social isolation and negative psychosocial health
for informal caregivers and PwD [104]. This situation has high-
lighted existing weaknesses in dementia care structures, especially
regarding access to caregiving resources and support.

Many in the public health community have explored caregiving
difficulties and access to caregiving resources as a social deter-
minant of health (SDoH) [35, 107]. SDoH include how mortality,
morbidity, health care expenditures, life expectancy, functional
limitations, and health status are impacted by factors including
socioeconomic status, level of education, physical environment,
race, ethnicity, etc. The SDoH model offers a lens to understand
how these macro and meso factors affect systemic availability and
distribution of health resources [65, 115]. Researchers in HCI have
begun to adopt this model to examine how technology access and
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upstream health interventions can address these social determi-
nants and improve health equity [96, 106].

HCI researchers have also examined barriers to inclusive and
accessible dementia technology through critical dementia, a lens
that rejects deficit-driven design approaches, and examines demen-
tia’s social construction to understand embodied expressions of self
and personhood [52, 57]. This shift has included a broader scope
of participants, including practitioners’ perspectives on dementia
caregiving, such as art or occupational therapists [23, 57]. Critical
dementia explores how researchers can incorporate embodied ex-
pressions of self in the design and research process for dementia
technology [42, 57, 58]. It has led to further insight into the design
of more inclusive dementia technology and methods to engage
PwD in participatory research [13, 60, 73].

This prior work provides an excellent framework to approach
the design of dementia support technology, but there are still gaps
in our understanding of how to design technology to address key
SDoH, as situated within the broader scope of community care
ecosystems.

In this paper, we report a 1.5-year long partnershipwith community-
based dementia organizations to deeply understand this complex
ecosystem of community caregiving, and understand how technol-
ogy may be situated within it, with an eye toward advancing health
equity. We adopt a lens in our work that incorporates concepts from
community health, gerontology, and critical dementia to explore
the intersection of community caregiving practices and technology
for at-home dementia care support for informal caregivers.

Due to COVID-19 restrictions on our research process, includ-
ing many of our partners’ facilities shutting down and substantial
hardships faced by informal caregivers, the work we report in this
paper focuses on the perspectives of professional caregivers.

In this paper, we present two primary contributions. First, we
identify key insights from dementia community caregivers that can
be applied to technology design. We discuss how embodied cues,
which are non-verbal, embodied action prompts, can be adapted
as a communication modality for caregiving technology to pro-
mote self-agency for PwD and relieve caregiver burden. Second, we
explore new avenues for HCI applications and research to poten-
tially address health inequities in caregiving through community
perspectives on technology design. We identify three areas where
technology can further health equity to overcome these barriers in
dementia care, including: providing access to community resources,
supporting caregiver wellness through education, and extending
the reach of community and social support systems.

2 BACKGROUND

In this section, we provide an overview of current dementia care
technologies, describe the role of critical dementia within HCI, and
provide an overview of the SDoH model and its relationship to
dementia caregiving.

2.1 Existing Technology Interventions to
Support People with Dementia

Many commercial technologies are used by informal dementia care-
givers. They tend to center around safety, monitoring, reminders,
and memory assistance [97]. Safety and monitoring interventions

include baby monitors [64], wearables (like talking watches) [4],
and GPS-based geofencing technologies. Memory and reminder
assistance technologies include spoken reminder machines and lost
object locators [4].

However, commercial technology has been criticized for lack-
ing consideration of the needs and perspectives of its users. For
example, even for technology co-designed with PwD, the focus
tends to be on early stage dementia (or it is otherwise unreported)
[98], which may limit its utility across more advanced stages when
it is of greater need. Another criticism is that many commercial
technology designs stigmatize and exclude PwD by emphasizing
their frailty (e.g., large red alert buttons), or by having a high degree
of complexity [45].

This deficit-centered framing of dementia is often reflected and
perpetuated by commercial technology, where both dementia and
aging are framed as a steady depletion of ability, and loss of self [74].
This technosolutionist / deficit-framed model has been criticized by
many (c.f. [11]). HCI dementia research has taken an active stance to
move away from this model towards more social-relational framing
of dementia that challenges the idea that one’s cognitive or physical
abilities are the sole marker of their personhood [23, 57, 61] (See
Section 2.3).

To support this, researchers have included more diverse stake-
holders such as informal and professional caregivers, PwD, and
others when designing technology to support dementia caregiv-
ing [23, 32, 48, 68, 75]. For example, Sriram et al. [97] conducted a
review of informal carers’ experiences with assistive technology,
and found they expressed mixed views. They enjoy the help that
the technology gives, yet worry that they do not challenge PwD
cognitively in early stage dementia. They were also concerned tech-
nology may strain the relationship between the caregiver and PwD
as the reliance on the technology grows [97].

Dixon and Lazar [23] worked with professional dementia practi-
tioners to explore how to support PwD’s engagement in meaningful
and purposeful activities. They encourage dementia technology de-
signers to incorporate dementia practitioners’ views (albeit in a
nuanced way), a philosophy we embrace in our work.

2.2 Robotic and Embodied Technologies to
Support Dementia Caregiving

Socially assistive robots, or robots that provide assistance through
social interactions, are frequently used in dementia care [87]. These
robots provide sensory experiences to PwD, and are often zoomor-
phic in appearance to mimic animal therapy (without allergies
and scratching) [54]. Paro, a robotic seal, is the most well-studied
example, but others include NeCoRo, a robotic cat, and Aibo, a
robotic dog [66, 100, 109]. These robots can reduce symptoms of
anxiety, agitation, and depression in PwD [76], and also help facili-
tate human-human interaction [90]. Others have built functional
robots in the context of dementia caregiving, such as to help with
wayfinding, reminders, and locating items [7, 24, 95, 105, 113].

Many studies in HRI suggest that the physical embodiment and
presence of robots makes them exceptionally well-suited to be effec-
tual deliverers of health interventions compared to virtual agents
[1, 20, 26, 46, 47, 88, 119]. Embodied robots can support engagement,
facilitate interactive presence [99], and provide contextualized and
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socially situated cues [101]. These interactions can then be person-
alized to adapt to the abilities of the PwD [55, 56]. They can support
interaction in a range of new ways that extend interventions into
the physical world far beyond the current state of practice [117].
This is well-aligned with recent work in the dementia literature,
showing that embodied activities such as personalized art, music,
or dance therapies are particularly effective means to engage PwD
[6]. These embodied therapies are frequently used to soothe PwD,
especially in later stages when verbal language can become difficult
[49, 108].

2.3 HCI Research and Dementia

The traditional biomedical perspective frames dementia as a series
of losses and impairments that steadily erode the PwD’s sense of
self [53]. This can cause PwD to be stigmatized and isolated, and
treated in ways that reduce their sense of agency and personhood.
However, social-relational models of dementia challenge the idea
that one’s cognitive or physical abilities are the sole marker of per-
sonhood [85]. Researchers within the HCI community have made
great strides in technology design for dementia that challenge the
biomedical view [12, 29, 36, 41, 110, 112, 114]. For example, Wallace
et al. [110] draw on a person-centric model of dementia, which pro-
poses that personhood dynamically emerges out of social interac-
tions. The authors examined designing for personhood in dementia
relationships through extensive work with Gillian, a woman living
with dementia, and her husband John. This work resulted in the
design of digital jewelry that invites others to engage with Gillian
in relation to her personhood rather than her dementia diagnosis.

Another model, critical dementia, explores expressions of per-
sonhood in dementia through embodiment, context, and emotional
and sensorial experience [51, 52, 57]. This lens is well-suited to HCI,
aligning with shifts in the field away from cognitivist views, toward
more holistic perspectives of interaction and meaning-making [57].
For example, HCI researchers have explored how PwD can interact
with the world in meaningful ways through art, music, or dance
[16, 75]. Others have examined the role of technology in validating
a sense of agency and personhood for PwD [31].

HCI work has also applied these socio-relational models of de-
mentia to caregiving relationships and design research. Researchers
in HCI have shown how PwD are often placed in more passive roles
within care relationships as their caregiver takes over care tasks, fi-
nancial responsibilities, or household decisions [34, 44]. This work
critically examines how HCI researchers can create more inclu-
sive design spaces by incorporating opportunities for mutual and
meaningful social recognition into the design process [28, 29].

2.4 Dementia Caregiving and Social
Determinants of Health

In our research, we worked with community health workers and
found that in addition to the critical dementia lens outlined above,
we also needed to include a community health frame to understand
the community health perspective our participants took to dementia
care. We draw from the public health field to critically analyze the
SDoH that affect caregiving. The US Centers for Disease Control
(CDC) define SDoH as the łconditions in the places where people
live, learn, work, and play that affect a wide range of health risks and

outcomesž [33]. These factors can include: socioeconomic status,
education, physical environment, race, ethnicity, internet access,
community and social support networks, or early parental support
[2, 10].

The SDoH model recognizes that psychosocial factors such as
stress, depression, low social standing, isolation, or low self-esteem
also have a significant impact on an individual’s health outcomes
throughout their life [21, 67]. TheWorldHealthOrganization (WHO)
incorporates SDoH into a life course approach to health, which incor-
porates how social, economic, and political factors influence one’s
socio-economic position, which in turn affect health outcomes.

The SDoHmodel can be realized across three levels of organization-
macro, meso, and micro [2]. At the macro level are structural factors
that generate socioeconomic hierarchies and govern access to re-
sources in society [80]. A few examples are public and political
policy, macroeconomic policy, and sociocultural norms. Where
an individual falls within these hierarchies can be indicated by
attributes such as income, gender, social class, or ethnicity [2, 80].

While these macro structural mechanisms are the source of so-
cial stratification and health inequity, this inequity is instantiated
through meso, or intermediary, level factors. Meso level determi-
nants are often at the level of communities or institutions such as
workplace or university policies, community access to healthy food
or clean water, and neighborhood quality. Meso level determinants
also include psychosocial factors such as stressful environments,
social relationships or quality of support networks. Inequities at
the meso level are both the result of, and reinforced by macro-level
structural mechanisms. Finally, at the micro level are individual
factors such as genetics or lifestyle factors [2, 80].

Within dementia care, a SDoH model reveals how informal care-
givers’ increased stress puts them at risk for negative health out-
comes [15, 118]. However, public health interventions can address
meso-level SDoH to reduce these psychosocial stressors by provid-
ing informal caregivers with access to strong community resources,
social support services, caregiver training and education, and trans-
portation [103]. For example, Lorenz et al. [64] found that informal
caregivers are largely unaware of available dementia assistive care
technologies, and often opt to repurpose other widely available
technologies like baby monitors and music players into their care
routines.

As others have argued, there are many opportunities for HCI
researchers to incorporate knowledge of the SDoH, in order to build
more inclusive and accessible technologies, which will help further
health equity [10, 37, 96, 106]. This is particularly true within the
context of dementia caregiving [22]. This framework contextual-
izes and frames the public health issues community health work-
ers engage with, such as informal caregiver education or limited
community resources. For example, while critical dementia was es-
sential in understanding our participants’ discussions of embodied
communication, this discussion was in the context of a need for
caregiver education. We needed the SDoH lens to understand the
role and importance of such community education within dementia
care.
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Pseudonym Age Gender Experience Organization Role Responsibilities Study Phase

Ava 45 F 20 years Alzheimer’s Association Social Worker Informal caregiver training and education 1, 3
Julia 57 F 34 years Alzheimer’s Association Social Worker Informal caregiver training and education 1, 3

Phoebe - F 2 years Adult Day Care Care Practitioner Plan and coordinate dementia-friendly activities 2
Misa 48 F 30 years Adult Day Care Social Worker Plan and lead dementia education programs 1, 2

Belinda - F 2 years Adult Day Care Care Practitioner Oversee other care staff; Lead activities and care for PwD 2
Catalina - F 1 year Adult Day Care Care Practitioner Lead activities and care of PwD 2
Alicia - F 1 year Adult Day Care Care Practitioner Lead activities and care for PwD 2

Table 1: Demographic information of the dementia health community workers who participated in our research. Participants

had a broad range of experiences and perspectives on care. We employ pseudonyms to preserve the privacy of participants.

Mimicry: They also discussed the importance of mimicry or
pantomime motions as an ability that PwD retained longer during
the course of dementia, so could be useful to be reflected in design.

Music: They also often mentioned music as a means to provide
emotional well-being to PwD, and potentially bring a positive aspect
of joy to the task. A strong awareness for rhythm and music is
retained in PwD, even in advanced stages, and can be used to
initiate and maintain tasks such as eating and bathing.

Durability and Cost: Another consideration was that it was im-
perative for the technology to be durable, as PwD can be rough with
handling technology (described by participants and in the literature,
c.f. [70]). Another high level design goal was to have a low cost,
easy-to-build design to make our technology easily accessible to
vulnerable populations.

Ultimately, we decided on co-creating a physically embodied ro-
bot that reflected these caregiver design considerations. The design
probe, Spoonbot, can be seen in Figure 2. The robot’s older-style
radio design is both familiar to older adults and appropriate for the
context of use, as it plays music on a tabletop during mealtimes. It
plays music familiar to western audiences (top Billboard hits from
the 1950s) in an attempt to take advantage of music and reminis-
cence therapies. The robot mimics eating by holding a spoon and
engaging in basic self-feeding arm movements. This takes advan-
tage of PwD’s ability to mimic eating motion through pantomime.
It has a low cost, ruggedized design with suction cups, to attach to
the table, and secure bindings for its internal wirings.

3.3.2 Phase 2: Reflection with Design Probe. In the second phase
we were interested in understanding how technologies like Spoon-
bot might be incorporated into dementia caregiving practice. We
conducted semi-structured interviews with two social workers and
three professional caregivers using Spoonbot from Phase 1 as a
design probe to inspire speculation about technology for dementia
care. (See section 3.2)

We split the interview into two stages: 1) feedback on the de-
sign probe, and 2) reflections on caregiving practice. We first in-
troduced participants to the design probe and asked for feedback
on the probe’s design features. Next, we learned more about their
role and experiences with dementia caregiving approaches. Using
an open-ended interview format, we found that often Spoonbot
sparked more interesting insights regarding specific care situations
or broader caregiving ideologies. 1

1To support reproducibility of our work, all interview questions will be posted on
GitHub.

3.3.3 Phase 3: Envisioning Future Technology. In the third phase,
we wanted to take the knowledge gained from the previous phase to
explore how technology can support those broader caregiving ide-
ologies amongst informal caregivers. We returned to our initial two
co-designers from the first phase and conducted semi-structured
interviews and a design brainstorming activity.

We split the interview into three stages. Due to COVID-19 limi-
tations, the interviews were conducted over teleconference. First,
we reviewed design probe feedback from Phase 2 with co-designers.
Second, we asked questions regarding informal caregiving practices
based on what we learned from Phase 2. Finally, we conducted a
brainstorming activity where participants were given a common
caregiving task (dressing, taking medicine, or bathing) and asked to
reflect on Spoonbot and envision how an informal caregiver would
use a technology that embodies caregiving approaches learned from
Phase 2.

3.4 Data Collection and Analysis

We audio-recorded the in-person interviews from Phases 1 and 2.
We recorded both audio and video in the teleconference interviews
from Phase 3, but extracted only the audio for analysis. We tran-
scribed the data using transcription software, and then reviewed it
manually. All interviews were conducted with one participant at
a time, except for Phoebe and Misa’s interviews in Phase 2, who
were interviewed together.

We analyzed the data using thematic analysis, following the pro-
cess outlined by Braun et al. : initial read through, code generation,
theme development, refining, naming, and writing cohesively [14].
Three researchers individually coded the data, and met regularly to
discuss. The coders did an initial read through to familiarize with
the data and find initial codes. They then conducted an iterative
process of generating codes and combining them into themes.

4 FINDINGS

Through our interviews, we learned about dementia community
health worker’s perspectives on informal caregiving and technol-
ogy. Our key findings are as follows: (1) Participants identified
key techniques to support self agency, (2) We recognized inter-
dependent relationships between task assistance and emotional

support, 3) Participants discussed the use of embodied cueing

in dementia care, and 4) We identified technology roles to support
caregiver-PwD dynamics. We discuss these in detail below.
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Figure 2: Iterative evolution of our design probe Spoonbot, from early sketches to final prototype, co-designed with a subset of

stakeholders. Our original ideas were based on familiar kitchen objects to address feeding andmealtimes. Key design features

include: a) Arm which conveys an Eating Motion to leverage pantomime to assist PwD with eating; b) Old-Style Radio Morphol-

ogy to be a familiar and appropriate object for PwD during mealtimes; c) Playing Music to provide rhythm, help initiate tasks,

and support emotional wellbeing; d) Ruggedized Design to be durable to withstand PwD handling items roughly.

4.1 Community Health Perspectives on Agency
in Caregiving

As with prior work in the critical dementia community [16, 31, 57,
75], our participants stressed the importance of providing PwD
ample opportunities to cultivate self-agency and normalcy. Doing
so can be impactful to both PwD and informal caregivers by helping
to promote a sense of normalcy in daily life. Here, we describe how
dementia community health workers apply these concepts while
interacting with PwD.

4.1.1 How Communities of Care Reaffirm Agency in PwD. A main
goal of professional caregivers is to promote self-agency in PwD by
engaging them in situations that highlight their strengths. Belinda
described a common experience during mealtimes where some
PwD would take out their wallet to tip her.

łI’ve gotten tips [...] one gentleman [...] takes out his
wallet. He goes ‘Hold on. Hold on’, and he’s struggling,
and he gives me a dollar and he’s like ‘Here you go.
Don’t spend it all in one place’. I’m like ‘No no no. It’s
okay. It’s okay.’ ž

By allowing the PwD to tip her, she creates a narrative that validates
his ability to practice self-agency.

Professional caregivers have noticed that PwDwant to be viewed
as capable, so, as a caregiver, they provide a space where PwD can
contribute. Phoebe describes a PwD who used to be an accountant:

łFor the longest time Carol thought she was our ac-
countant. So I would print invoices and she tells me
all the time ‘You um spend a lot of money.’ I say ‘I
do?’ And she goes ‘Yes I told you your budget is fifty
dollars. What is this?’ And then [I am] like ‘Oh, I’m
so sorry Carol, I’m so sorry.’ ž

While Carol is not serving as an accountant, professional caregivers
still respected and acknowledged Carol’s domain expertise, and in
doing so promoted her sense of self-agency.

Professional caregivers set PwD up for success when interacting
with them, by being aware of the kinds of questions that they
are capable or incapable of responding to. Phoebe describes her
approach to interacting with PwD: łWe can’t ask anything where
they feel like they’re gonna get it wrong [...] and once [the PwD]
gets it wrong they go back into like ‘Oh my gosh what’s wrong
with me?’ ž Professional caregivers are aware of the possibility
for negative interactions that may affect the mood of PwD and
purposefully manage their interactions to set PwD up for success.

Professional caregivers reinforce a sense of normalcy and per-
sonhood for the PwD by designing various activities and events
that mirror familiar experiences. For example, Phoebe discussed
activities designed to be like going out to a restaurant:

łSo I set [up] like an Italian [restaurant] date for them.
I served them first their salads, and it was all on like
ceramic plates and I wanted them to be real. [...] I
made a menu for them to look at. So you kind of give
them back that experience [...] a lot of family members
don’t take them back to restaurants because there’s
just way too many triggers.ž

In another activity, Phoebe describes the flower bouquets that
PwD made, ł[A PwD] made that. They all made that. And I bet you
those things could sell for 50 bucks at least. [...] They can do somuch
with it. Their imagination is still there.ž These activities serve to
recapture experiences which may no longer be accessible for PwD
due to their condition. Providing opportunities to re-experience
eating at a restaurant or creating professional bouquets are op-
portunities to recognize and validate the inherent personhood of
PwD.

4.2 Combining Task Assistance and Emotional
Support

It is emotionally taxing for an informal caregiver to witness their
loved one becoming a stranger and gradually lose recognition of
their relationship and memories together. Learning to balance and
create separation between a PwD’s practical daily needs against
their emotional needs is incredibly challenging for an informal
caregiver. Considering this immense burden, informal caregivers
must learn how to detach their emotions from fulfilling caregiving
responsibilities for the PwD. Here we present our findings on how
technology can improve the emotional wellbeing of both informal
caregivers and PwD by recognizing the emotional factors within
dementia caregiving.

4.2.1 Emotional Impact of Caregiving Challenges. While informal
caregivers do their best to care for their loved one, they often run
into conflict with the PwD when attempting to direct tasks (e.g.,
to take medication). Julia discussed the dynamic between informal
caregivers and PwD and the potential issues that arise during care,
łAs adults living with dementia, [they] fight for their autonomy.
They become resistant. They don’t want to do these things just
because [the caregiver] told [them to].ž These caregiving tasks are
important to manage the health of the PwD, however the PwD may
see this constant direction as undermining their autonomy.

Informal caregivers often face challenges when helping a PwD
initiate and complete ADLs. This can negatively impact the psy-
chosocial wellbeing of both caregiver and PwD. Ava explains the
difficulties of initiating and motivating PwD in caregiving tasks,
łWhen I was talking about helping [a PwD] with initiating a task,
[it’s] kind of motivating getting [them] into the physical movement
of an activity.ž The difficulty of dementia caregiving for informal
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caregivers is the high levels of both physical and emotional support
that PwD require in simple and repetitive tasks.

Ava further describes challenges caregivers face in adapting to
the dynamic nature of dementia symptoms:

łFirst, sort of figuring out where [the PwD is] at. How
confused are they? How disrupted do their motor
skills seem to be today? And if today is a hard day
for [the PwD] then it’s probably gonna involve a lot
more physical assistance. Whereas if they’re having a
higher functioning day, it might be a matter of [just]
laying [their] clothes out [near] the bath.ž

Not only is the caregiving itself difficult, informal caregivers face
additional cognitive burden by needing to continuously monitor
and adapt to changes in the PwD physical and mental capabilities.

This is compounded by the fact that common verbal methods
of communication, like explanation or negotiation, may not be ap-
propriate for PwD and can cause them to be uncooperative. Ava
described her advice for a common struggle for informal caregivers
when interacting with PwD, łDon’t get into the negotiation about,
[task timing], or [reasons for doing a task]. That’s what [an in-
formal caregiver is] always trying to do-is talk the person into
something. Whereas if they just got the task started, 9 times out of
10 it’s going to happen.ž The informal caregivers need to learn new
communication styles to make dementia caregiving less stressful.

These challenges during caregiving assistance for ADLs are not
only frustrating and stressful for caregivers, but also impact the
mood of the PwD. Ava describes the cycle of frustration and ten-
sion she sees between caregivers and PwD, łthere [are] a lot of
carepartners [that] find themselves engaging in a lot of like sense-
less arguing [...] Then you have to distract the [PwD] with some
kind of an activity that’s relaxing and soothing.ž Difficulties during
dementia care tasks cause conflict and agitation that impact the
emotional wellbeing of the PwD as well. At this point, the care
task evolves from assisting an ADL into managing an emotional
response of the PwD, adding additional complexity and burden to
caregiving.

4.2.2 Opportunities for Technology to Address Task Support for

Emotional Wellbeing. Dementia community health workers saw
opportunities for technology to assist informal caregivers and PwD
with tasks in order to support greater emotional wellbeing. Julia
discussed the draining nature of dementia caregiving, ł[the care-
givers] need to become the initiator, and that gets hard [...] because
basically it’s like cheerleading 24/7.ž Julia suggested Spoonbot could
provide an opportunity to provide respite to informal caregivers,
łEven if it didn’t really prompt the [PwD] to start eating [Spoonbot]
might [distract] the person [and with] a few minutes of that per-
son’s attention and interest [informal caregivers] can walk away
and do something else for a minute.ž Considering the co-dependent
nature of task assistance and emotional support, technology that
addresses both factors equally can reinforce the well-being of both
the informal caregiver and PwD.

COVID-19 has created an especially challenging environment
for PwD and their caregivers. The heightened situation gives us an
opportunity to consider creating accessible dementia technology
that provides respite and also emotional support for informal care-
givers, especially when quarantining in their homes. Julia described

the discomfort and isolation caused by COVID-19, and the state of
the current caregiving environment, łNow dealing with these in-
credibly socially isolated [PwD]. Something like [Spoonbot] would
be more helpful than ever, just as as a diversion for the [PwD] for a
few minutes.ž This is an opportunity where technology can engage
the PwD to provide informal caregivers a moment of respite.

4.3 Embodied Cueing

Across all of our interviews, all participants spoke about the benefits
of embodied cues within caregiving and technology design.

4.3.1 Embodied Cueing in Caregiving Practice. When discussing
effective modes of communication, participants often mentioned
that verbal language, if vague or non-concrete, was often unsuc-
cessful. Phoebe explains, łWe have [several individuals who are]
very high functioning, and once you ask them [a vague question]
it will completely throw off the entire thing [...] Because in that
moment, they feel like ‘I don’t know what they’re talking about.
What’s wrong with me? Now I’m angry.’ ž It can be difficult for peo-
ple with moderate to advanced dementia to process abstract verbal
language. This can cause frustration especially among PwD who
have anosognosia, where they are unable to recognize that they
have dementia. This can cause a PwD’s confidence to plummet, as
they perceive themselves as being łfaultyž, but are unable to figure
out why.

Dementia community health workers also suggested that using
embodied cues can help conveymeaning. Belinda spoke of a daycare
participant who usually needs to be fed and said:

łWhen we do sit her in groups she [...] see[s] others
[and] how they’re eating. So then she will grab the
spoon and then put it in [...] her mouth, and then [...]
a couple seconds later, again, she won’t be able to use
it, but [...] seeing other participants in front of her
that are eating [helped her to] eat.ž

In this case, the cue of other people eating was able to help this
PwD remember how to eat, even if it was just for a moment.

Professional caregivers employ visual cueing as a communication
mechanism. Phoebe explains, łIt just makes it easier when there is
a visual, it eliminates [questioning if you are] communicating [...]
or explaining [something] incorrectly.ž This helps reduce confusion
resulting from the ambiguities of language and verbal instructions.

Embodied cues can be a more effective caregiving technique
than reminders. As Ava explains:

łwith Alzheimer’s type of dementia [...] a reminder
just doesn’t mean anything [...] they need some kind
of either physical or even just a visual prompt to kind
of get the starter button going right. Once they’re
moving, they can generally take that task and runwith
it [...] but their brain kind of forgot how to initiate it.ž

She suggested ways to use this sequencing to help caregivers assist
with ADL tasks like taking medication, łIt’s more the mechanics
of getting it down right [...] maybe modeling the sequencing of
getting the pill into your hand, [and] taking the drink of water.ž
This demonstrative nature of visual and embodied cues can prompt
PwD to perform the corresponding sequence of actions.
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Mediate Interactions Task Assistance

Motivator Respite Provider Facilitator Educator

What it is/does
Promotes positive

interactions

Engages PwD
and allows the caregiver

some respite

Facilitates task completion
for PwD directly

through movement,
music, etc

Demonstrates effective
caregiving strategies that

the caregiver can
learn and perform

How it supports

caregivers

Gives focus to
effective caregiving

strategies

Relieves stress, promotes
caregiver well being

Reduces caregiver strain
by aiding

PwD in specific tasks

Increases caregiver
confidence in

helping with PwD ADLs

How it supports

PwD

Supports emotional
wellbeing and

connection to caregiver

Engages and provides
emotional support

Helps with movement
sequencing

in task completion

Affords improved care
quality and

thus emotional well-being

Table 2: Roles for technology to support dementia caregivers and PwD.

Technology can also facilitate task completion through the use
of music. Ava said, łMusic is incredibly powerful as a motivator,
but also just getting people’s [...] motor movement [...] in line with
what you’re trying to do [...] So if I want someone to start doing
something, I start doing it, and I start humming a rhythm to that,
and I’m very likely to get them to start mimicking me, to start
joining me.ž The technology serving in a facilitation role can use
music as a tool that draws attention to the pantomime, to then
encourage the PwD to join in.

Technology can also serve in the role of an educator for informal
caregivers, by showing successful caregiving strategies. Informal
caregivers can learn and gain confidence in effective caregiving tech-
niques and apply them to other tasks. Ava explains, łMore broadly
is that I think it could teach something to the family carepartner,
right? If it’s effective, it allows that family carepartner to see the
person that they care for being able to do something on their own.ž
She continues, łSo I think the real benefit is that if [Spoonbot]
works, if it gets the person engaged, and they see [that the PwD
starts] following along and doing [the movement], it’s gonna show
that family caregiver ways they could translate that kind of like
modeling to other tasks.ž Technologies like Spoonbot may help
informal caregivers to move away from doing tasks for a PwD, and
instead model techniques caregivers can use to do a task with the
PwD.

5 DISCUSSION

In our findings, we described how dementia community health
workers approach caregiving and support for informal caregivers.
Participants envisioned ways technology can support the emotional
wellbeing for both caregivers and PwD, which some scholars argue
is one of the most important aspects of caregiver support [63, 79].
Drawing from these findings, we describe considerations for future
dementia technology design, along dimensions including affording
embodied communication and dementia-friendly communication
styles, and supporting caregiver and PwD wellness. We then take a
community health perspective to suggest three ways technology
designers can advance health equity for families with dementia,
including by providing access to community resources, supporting
caregiver wellness through education, and extending the reach of
community and social support systems.

5.1 Design Considerations

5.1.1 Non-verbal, embodied communication. All of our participants
strongly and repeatedly identified the importance of using embod-
ied cueing during caregiving interactions with PwD. This theme
was particularly prominent when envisioning future technologies.
Participants described ways technology can convey these cues via
visual, tactile, and aural means.

While several commercial technologies employ some of these
cues (such as Paro the robotic seal [109]), it may be helpful to
consider additional technology designs that can both afford cue-
ing modalities and support ADLs. For example, our design probe
Spooonbot provides embodied cueing and pantomime to trigger
procedural memories related to eating. Participants suggested sim-
ilar types of cueing could be used for other common day-to-day
activities, like bathing, teeth brushing, etc. By helping PwD per-
form tasks in ways that are well-matched to their cognitive abilities,
embodied technology can reduce frustration and improve PwD-
caregiver relationships.

Designing for embodied cueing embeds community care prac-
tices into the design of dementia technology. We have found that
our participants already incorporate non-verbal communication
strategies in their caregiver education programs. These communi-
cation strategies are based on community approaches of leveraging
strengths in PwD to aid care tasks. By drawing from these commu-
nity care practices, we can design technology interventions that
are attuned with broader dementia caregiving practices.

Our findings also highlight the importance of dementia tech-
nology being adaptable and adjustable to interact with the unique
memory changes that PwD undergo. In the early stages of demen-
tia, prospective memory, or the memory of planned future actions,
may be mostly intact. Here, designs which employ reminders or
alert-based technologies can be helpful to support PwD with IADLs.
However, as the disease progresses and prospective memory be-
comes weaker, reminder technologies become less effective and
can cause tensions and frustration. In particular, there may be
a mismatch between the technology’s affordances, the informal
caregiver’s expectations, and the PwD’s capabilities. Instead, as
dementia progresses, technology design can shift to adopt more
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embodied interaction styles to leverage strengths in PwD’s proce-
dural memory. We expect that this kind of adaptivity can better
support both PwD and their caregivers.

5.1.2 Simultaneously Designing for Emotional Wellness Alongside

Task Assistance. When designing technology for dementia care, it
is important for researchers and designers to pay attention to the
social-emotional factors of caregiving. A large part of day-to-day
caregiving involves both supporting the emotional wellness of the
PwD and managing the logistics of complex care tasks. Technology
designed to take advantage of PwD’s strengths in caregiving tasks
support this social-emotional wellness by validating the agency and
personhood of the PwD. Rather than framing PwD as passive recip-
ients of care, technology can help them become active participants
in their own care.

We illustrate this through our findings related to embodied cue-
ing in dementia technology design. Embodied cues rely on strengths
of PwD’s procedural memory. This strength-driven design approach
allows for greater agency and emotional wellbeing for PwD. It can
provide respite to informal caregivers by making it easier to employ
caregiving best practices. Finally, it changes the caregiver-PwD dy-
namic by presenting PwD as active participants alongside their
caregivers instead of passive recipients of care.

When designing dementia care technology, it is critical for de-
signers to recognize and reflect on the relationship between the
caregiver and PwD. Most currently available commercial caregiving
technology is designed primarily for the PwD, or their caregiver.
However, we found that these care relationships are often tightly in-
terdependent and interwoven with emotional context. Rather than
designing for individual PwD or individual caregivers, it may be
beneficial to tailor designs for the pre-existing relationship between
PwD and caregivers. For example, how can dementia technology
support spouse-spouse, parent-child, or other categories of PwD-
caregiver relationships?

5.1.3 Designing to Embody Community Care Practices. When de-
signing dementia care technology, HCI research can embed com-
munity care practices directly into technology. It is important to
consider the needs of individual end users, but also how technology
can further goals of the community. For example, caregivers and
PwD need ways to facilitate communication, but the way technol-
ogy supports this communication can align with broader commu-
nity care practices. Design that embodies practices of community
care couples the design of technology to macro-level missions and
policies within community health.

In our work with community health workers, we found that the
way they envisioned future technologies for dementia care were
influenced by a community health perspective. Our participants dis-
cussed embodiment and embodied communication, key concepts in
critical dementia and HCI. But, unlike previous work, they focused
on how these concepts from critical dementia can inform design
to address broader issues of health equity and SDoH within the
community. These perspectives not only shaped the above design
considerations, but also informed how to use them to address SDoH.
In the following section, we draw on these community perspectives
and a SDoH lens to provide more details on how technology can
address health equity.

5.2 Addressing Health Equity

In our work, we identified ways that technology can help overcome
barriers to achieving health equity. These include: providing access
to community resources, supporting caregiver wellness through
education, and extending the reach of community and social support
systems. We propose key principles to consider and several pitfalls
to avoid in dementia caregiving technology design.

5.2.1 Providing Access to Community Resources. COVID-19 has
highlighted opportunities for technology to address barriers sur-
rounding accessibility of community support resources. In ourwork,
participants discussed how COVID-19 has disrupted access to com-
munity support resources, and exacerbated issues of isolation and
stress among informal caregivers and PwD. Resources like support
groups or caregiver training are typically provided in person. This
creates issues of accessibility due to distance, transportation, and
lack of disability accommodations.

While video teleconferencing technologies have been helpful
for some populations to overcome these barriers, many informal
caregivers do not have access to broadband internet, and often
have low technology literacy, making most of these technologies
inaccessible [10]. Furthermore, for PwD, prior HCI research has
criticized an over-reliance on screens as they can be inaccessible
due to some dementia-related symptoms [45]. Instead, we propose
HCI researchers can improve community resource accessibility by
extending the reach of community support into homes through
embodied technology.

To support this effort, researchers can draw from best practices
within the caregiving community, which can be embodied within
technology design practice. Here, rather than adopting amicro-level
stance centered on the caregiver, e.g., łHow can technology address
issues in caregiving burden?ž, in our workwe adopted amacro-level,
community-focused perspective, e.g., łHow do community practices
address issues in caregiving burden, and how can technology make
those practices more accessible?ž. For example, our participants
envisioned robots that could use mimcry, a community taught care
practice, to support PwD. This approach to caregiving research in
HCI grounds the design of accessible technology directly in context
of community practices and needs.

To illustrate this point, we take as an example art therapy, a
meaningful activity used in dementia caregiving to promote social
engagement and self expression in PwD [23, 58]. Technology to
extend accessibility to the home might look like a digital paper
notebook, designed with the look and feel of a traditional notebook,
paired with a digital art frame that allows PwD to create and share
art. When PwD create art in the notebook, it appears in their art
frame, but can also be shared digitally to the art frames of other
families using the same technology. Capitalizing on an embodied
and familiar design (a notebook and frame) and familiar activity (art
making and sharing), coupled with some social sharing, helps PwD
easily adopt new technologies and connect with other community
members. In doing so, this technology helps informal caregivers
directly gain benefits of these community practices.

5.2.2 Supporting Caregiver Wellness through Education. The ability
for informal caregivers, especially new ones, to receive training in
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Health Equity

in Dementia Care
How Technology can Help Examples

Access to Community

Resources

Support informal caregiver access
to community resources at home
- Create opportunities for community care
practice outside of physical community spaces
- Provide more accessible ways of social
engagement and sharing within community

- Digital paper notebook and frame
to create and share art with others,
promoting self-expression in PwD

Support Informal

Caregiver Education

Reduce caregiver cognitive load and support
emotional wellbeing
- Structure care tasks to promote best practice
- Provide examples for informal caregivers to
learn from

- Caregiver wearable to provide
dementia-appropriate conversation
suggestions, or opportunities for
redirection
- PwD wearable to detect agitation
and offer feedback to caregivers

Extend Reach of

Community and Social

Support Systems

Broaden dementia ecosystem of care
- Expand ability of community health workers
to scale support programs
- Consider pain points in delivery of community
support services

- Online digital database to support
community sharing of
customizable activities and
materials for community support
programs
- Ubiquitous sensor systems to track
PwD changes and alert care staff

Table 3: Key areas for HCI technology design to advance health equity in dementia care.

caregiving practice is another SDoH that impacts emotional well-
ness for informal caregivers and PwD. Community-based caregiving
education can provide practical training on strategies including
embodied cueing, dementia-friendly language, and use of clear vi-
sual communication modalities, as well as techniques and resources
to manage the daily stress of providing care. This education can
increase caregiver confidence in navigating logistical and emotional
challenges of dementia care.

Participants highlighted how technology can play a key role in
helping provide caregiver education. It is important to note that
caregiver education technology does not refer solely to online learn-
ing platforms, instead we mean technology that can scaffold the
act of complex care tasks. Our participants discussed how technol-
ogy can teach informal caregivers to use embodied cues in their
caregiving practice, by providing an example for them to model.
This acts as a scaffold to lessen the burden of learning to apply new
techniques in an already stressful situation.

Ultimately, the goal is to facilitate stronger social interactions
between the caregiver and PwD. Here, technology may be used
to incorporate contextual information to provide in-the-moment
feedback and suggestions to caregivers. For example, one might
envision a pocket-sized robot that demonstrates embodied cues for
informal caregivers, a digital scrapbook that provides dementia-
appropriate reminiscence prompts, or a digital board that can be
customized with relevant visuals to aid communication.

To encourage the use of dementia-friendly communication, a
wearable could provide caregivers with dementia-appropriate con-
versation suggestions, or suggest opportunities for redirection if

it notices an increase in decibel level due to arguments. Similar
concepts have been successfully employed in other łjust in timež
adaptive mental and behavioral health technology interventions,
including for depression, schizophrenia, and smoking cessation
[9, 77, 84]. Here, technology can alleviate the stress of adopting
a new communication strategy in the midst of an already stress-
ful care situation. It also acts as an educational tool that provides
guidance on effective communication strategies at the moment it is
needed so that informal caregivers can learn to use these strategies
themselves.

Another example might be a wearable that detects agitation in
PwD through heart rate, and changes color accordingly. This re-
duces the stress of caregiving by providing feedback to caregivers
that PwD may struggle to communicate themselves. At the same
time it can teach caregivers how to recognize early signs of agitation
in PwD and adapt their caregiving approach. Similar technology
designs have been employed in the autism community, e.g., physio-
logical sensors to provide social-emotional sensing and expression,
and may also prove helpful within a dementia caregiving context
[25].

5.2.3 Extending the Reach of Community and Social Support Sys-

tems. Through our work it is clear that caregiving does not occur in
isolation, rather, it interacts with complex SDoH such as community
and social factors. Earlier, we addressed barriers to accessibility, e.g.,
łHow can technology help more people access art therapy?ž. Here
we look at barriers to wider availability, e.g., łHow can technology
support more art therapy sessions?ž. Availability is another facet of
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accessibility [62] and can be particularly important to address de-
mentia care in rural or other under-resourced communities [8, 72].
The scope and scale of community dementia resources are limited
by restrictions on staffing or funding. To address this barrier, tech-
nology can be designed to address pain points in the delivery of
community support services.

While these technologies may not directly be used by PwD or
caregivers, they provide indirect impact by improving the ability of
community systems to provide support. In our work, community
health workers discussed Spoonbot in conjunction with their exist-
ing curriculum regarding embodied cues. For areas with less robust
caregiving education programs, technology could serve as a plat-
form to help other community health workers create educational
programs.

Technology that directly assists PwD or caregivers is absolutely
necessary and valuable, but technology can also improve systems
and processes that support community health. This approach to
design can address issues of technosolutionism, by recognizing
that technology interventions alone are not sufficient to address
complex social issues.

To illustrate this, we provide the example of a dementia support
program that provides weekly group reminiscence sessions. These
are intended to provide PwD with social engagement and provide
caregivers with respite such as described in Dai et al. [19] . In order
to provide personalized sensory cues to evoke reminiscence in par-
ticipants, the organizer must spend time planning and researching
appropriate materials. Other groups may want to start a similar
program, but lack the time and expertise to do so.

A technology that could address this might be a digital scrapbook,
which can be customized to provide a variety of different sensory
cues through sound files, images, or scents through a diffuser. This
scrapbook would be connected to an online database where de-
mentia community health workers can upload, share, and search
for personalized reminiscence materials to suit their participants,
which can be easily downloaded into their scrapbook. For example,
a US-based community health worker supporting a Brazillian PwD
in the United States could search the database for reminiscence
materials and activities created by community health workers in
Brazil. This enables dementia community health workers to share
knowledge, provide more inclusive experiences, and decreases the
start up costs of launching a new program.

Another example is within the context of an adult day care, an
important source of respite for informal caregivers and a place to
provide enriching engagement for PwD. Day care centers must
assist a diverse group of PwD where each individual can require
personalized care and attention. This heterogeneity creates even
more complexity that staff do not have the bandwidth to undertake,
particularly in care settings with low staff-to-participant ratios.
Managing and monitoring large groups of PwD that vary in stage of
dementia, mood fluctuations, and responsiveness can be strenuous.
Ubiquitous sensor systems may be helpful to track these changes
and alert care staff, which in turn could help reduce their cognitive
load and better support their workflow.

5.3 Design Pitfalls to Avoid

In addition to these suggestions, we also identified a few key pitfalls
to be wary of in dementia technology design to avoid technosolu-
tionism and propagating deficit models of dementia.

Technosolutionism reinforces the deficit model of aging in de-
mentia, by propagating the view that technology can łfixž it, by
ignoring key stakeholders and sociotechnical design concepts [61].
To avoid this, dementia technology designers can incorporate criti-
cal dementia perspectives, which focus on leveraging strengths in
PwD, for instance through embodied expressions of self. In addition,
they can incorporate community health perspectives to support the
greater ecosystems of care surrounding informal caregivers and
PwD, such as community health workers or nursing homes.

Finally, it is important designers consider ways to advance health
equity, as this will ultimately play a key role in both the adoption
of new technologies as well as their successful use. Here, it can
be helpful to be mindful of additional SDoH which impact these
factors. These include:

1) Affordability and Cost. Many of those with dementia who
live at home face a high rate of poverty [39, 81, 83], and many health
systems are resource-limited, especially given the current financial
crisis due to the pandemic. Thus, it is important that dementia
technology designers are mindful of cost when envisioning future
systems. In our work, we discuss embodied robotic technology,
which have traditionally had high cost. However, as shown by
Spoonbot’s low cost design and other work [89, 111], robots can
be designed to be low cost. Here, it may be helpful to adopt best
practices and lessons learned from other areas of HCI, such as from
those building technologies for rural health settings and in the
developing world [37, 86, 91, 96].

2) Broadband Internet Access. As discussed in recent work by
Benda et al., broadband internet access (BIA) is, in itself, a SDoH [10].
This is particularly relevant for the dementia caregiving ecosystem,
as over one-third of US-based older adults do not use the internet
at all [27]. Thus, it is important to consider technologies that either
can operate fully independently of an internet connection, or that
provisions are made for providing hotspots to users.

3) Technology Literacy. Older adults tend to have lower levels
of technology literacy and familiarity compared to other age groups
[3, 27, 38], which can also affect the success of health interventions.
For example, Fields et al. [27] reported a community-based tech-
nology intervention study to educate and connect socially-isolated
older adults. While the training efforts were successful, the authors
found no changes in feelings of loneliness. Technology that is de-
signed to mimic familiar analog technology in design and use may
be more effective for this population.

Though these barriers are challenging, they highlight how fun-
damental principles in HCI, including usability, accessibility, and
learnability, are ever more important when designing for older
adult caregivers and PwD. In a recent review article, Lindeman et
al. [63] offer a helpful conceptual framework that frames design for
informal caregivers through a geronotology perspective. They offer
technology designers new avenues of research to explore to address
health inequities through the design of caregiving technologies.
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5.4 Limitations

The major limitation of this work is that due to the COVID-19 pan-
demic, we were unable to work with PwD or informal caregivers.
Our partner care facilities were shuttered, leaving many informal
caregivers without support and respite resources. This greatly lim-
ited the availability of informal caregivers and PwD to participate
in research, who were already quite limited pre-pandemic. Fur-
thermore, many dementia families in our community do not have
reliable internet access, nor are comfortable using video teleconfer-
ence, and we did not want to add to their burden.

As such, our paper only presents findings on how professional
dementia caregivers approach supporting agency in PwD. We can-
not conclude if our findings are effective at supporting agency in
PwD without additional work involving PwD. We plan to address
this in future work by working with informal caregivers and PwD
as soon as it is safe and feasible to do so.

However, we believe, as others in the HCI community do [18, 23,
71], that the perspectives of dementia practitioners can be valuable
in the creation of dementia caregiving technologies, so long as one
remains mindful of the differences in perspectives and potential for
power asymmetries to create design tensions. As our participants
were community health workers, we observed great dedication to
and key focus on supporting PwD and their informal caregivers.
This was reflected across all aspects of how they envisioned the

use of technology to support the caregiving process, including
supporting the dignity, autonomy, and emotional well-being of
PwD and their informal caregivers.

6 CONCLUSION

In this paper, we investigated how caregiving support technology
can reflect key concepts in dementia community health practice. We
identified key takeaways from community practices for informal
caregiving, including: community best practices to promote agency
in PwD, interactions between emotional well being and caregiving
tasks, ways to employ cueing, and roles for embodied technologies.
Drawing from our findings, we propose employing embodied cues,
such as imitation or action mimicry, as a communication modality
that can align technology with community caregiving approaches,
potentially promote agency in people with dementia, and relieve
caregiver burden.We also suggested new avenues for HCI research
to advance health equity by taking a community health perspective
in the context of dementia technology design. Addressing com-
plex social issues like health equity through technology design will
require interdisciplinary research across the fields of HCI, public
health, education, and others. In light of this, our work represents
one starting point for future HCI research to gain greater under-
standing of how technology design can address SDoH in order to
advance health equity.
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