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Although the concept of wisdom is ancient, empirical research on it has only recently received attention
in gerontology. This coincides with a critical turn away from a de�cit model of aging, viewing aging as a
series of losses, toward a more supportive and developmental model. This paper draws on this recent work to
consider how wisdom can be a critical lens for HRI researchers and other technology design researchers to pay
more attention to the coping strategies that older adults accumulated throughout their lives. We engaged in a
six-month collaborative design process with community-dwelling older adults. The contributions of this paper
are twofold. First, we found that wisdom as a design concept helps researchers to critically examine how they
de�ne knowledge. Wisdom as an accumulation of experiential knowledge of older adults helps researchers
rethink the de�nition of knowledge—valuing computational and technological knowledge—in the �eld of HRI.
Second, wisdom leads researchers to the past experiences of older adults. Although past experiences are as
important as current experiences, they are not actively considered in robot design studies for older adults. We
hope wisdom as a critical lens could allow researchers to integrate the invisible aspects of older adults’ aging
experiences into the existing practices of designing robots for aging users.

1 INTRODUCTION
An older adult couple are drinking tea together at home. Suddenly, the woman disappears
and a semi-humanoid Care-o-Bot appears. The robot delivers tea to the man, but he appears
lonely and sad without his partner. The robot then brings him a blood pressure monitor to
measure his vital signs. In another scene, the robot �nds that the man has fallen. Upon
recognizing the fall, the robot moves to his side and connects him to emergency sta� in a
service center. (see Fig 1)

This is a promotional video for the early version of Care-o-Bot [1], an assistive robot renowned
within HRI. The video depicts the robot as a solution for older adults’ potential problems (e.g.,
social isolation, physical decline, and emergency situations). These representations of older adults
convey a de�cit model of aging: aging as a series of losses. This model has been widely criticized in
both the gerontology and the technology design communities, and instead researchers are shifting
to embrace social, supportive, and developmental models [26, 32, 35, 68, 73].

As a part of this shift toward adopting di�erent models, an increasing number of gerontologists
have investigated older adults’ accrued wisdom as an alternative research direction that avoids a
de�cit model of aging [7]. Researchers found that wisdom is experiential knowledge of how to deal
with the uncertainties of the world through understanding oneself (self-understanding), being open
to one’s own limitations (openness), and developing a sense of humor (sense of humor) [5, 7, 28, 62].
Considering wisdom as a coping mechanism for dealing with life’s uncertainties, studies found
wisdom to be particularly important for emotional well-being of older adults, as well as for their
physical health, their quality of life, and their quality of relationships [28, 42, 51, 57, 75]. These
studies commonly utilize this concept of wisdom as an alternative frame to the de�cit model of
aging—focusing on the experiential knowledge older adults gain through aging, rather than the
capabilities they lose through aging.

Several technology design studies mention wisdom as a potential design theme [46, 49]; however,
to our knowledge, few HRI researchers have delved into wisdom as a key consideration in their
robot design research. This paper addresses how older adults use wisdom as a coping mechanism
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Fig. 1. A promo video of Care-O-Bot: In the first two scenes, an older adult is depicted as a person who is
socially isolated a�er his partner passes away. In the last two scenes, an older adult is described as a person
who falls due to his limited physical capabilities and is saved by a robot. In this video, aging is primarily
portrayed as negative experience—being lonely and loosing capabilities.

for dealing with health issues as part of the uncertainty in their lives, while also exploring how
they want that wisdom incorporated into robot design.
In this paper, we bridge the gap between wisdom research from the �elds of gerontology and

assistive robotics research from HRI. We propose how wisdom emerged as a promising design
concept, and explore alternative robot designs for aging through our collaborative research process
with older adults. We conducted a six-month long collaborative design process with community-
dwelling older adults, which included a series of interviews and collaborative design activities.
The contributions of this paper are twofold. First, wisdom as a design concept helps us more

holistically represent older adults when researching robots for aging. As wisdom includes socio-
cultural experiences of older adults from their past till now, we were able to design robots that
understand older adults more than simply as people who need help. For example, an older adult
with a mild memory issue can choose what they want to remember, such as the names of important
people who makes them who they are now, rather than a robot that simply repeatedly tests memory
functions via drill and practice tasks. Second, wisdom as a design concept enables us to create
alternative robots that prioritize the autonomy of older adults, such as a self-a�rmation robot that
re�ects their wisdom and abilities.

2 BACKGROUND
2.1 Wisdom as a critical lens in psychology/gerontology
Researchers in psychology de�ne wisdom as the intelligence that one might obtain as a result of
aging [5, 6, 20, 62, 64, 71]. In contrast to factual knowledge (e.g., memorizing facts), wisdom is
considered experiential and procedural knowledge (e.g., having strategies to manage di�cult life
situations such as a suicidal impulse) [64].
Researchers have explored wisdom through implicit and explicit theories [63]. In studies on

implicit theories, researchers examined how laypeople conceptualize wisdom to uncover its meaning
and important characteristics [20, 71]. In explicit studies, researchers empirically measured the
wisdom of older adults in terms of personality characteristics [4], or their performance on uncertain
life tasks (e.g., suicide impulse [6], family vs. career choice [64]). While there remains no �rm
consensus around the de�nition of wisdom, both types of studies agreed that wisdom is experiential
knowledge that enables people to deal with di�cult life questions. Researchers across studies
maintained that wisdom is a multifaceted concept [7, 28].
This paper particularly pays attention to how wisdom research has provided a critical lens

that engenders epistemological questions to the psychology community —asking what types
of knowledge have been devalued within psychology [3]. In contrast to most other studies in
psychology, wisdom research acknowledges that complex sociocultural contexts can be crucial
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factors [63, 71] (e.g., wisdom has di�erent meanings depending on cultures, subcultures, or even
from person to person [71]) . Due to its complexity and multiplicity, wisdom is widely considered
intractable knowledge that is di�cult to be computed by standardized measurements [63]. Wisdom
exempli�es a type of knowledge that goes beyond the limitations of what traditional approaches
can reveal within lab-based tasks [3].
In this paper, we adopt the concept of wisdom within the context of robot design for aging. As

wisdom research initiated from the �elds of gerontology and psychology, few researchers have
qualitatively investigated wisdom and have incorporated the individuality of each older adult into
their studies. We describe wisdom as experiential knowledge of how to cope with life issues. This
is a concept that emerged from our deliberate choice to avoid stereotyped representations of older
adults. We found that wisdom as a conceptual tool could help other HRI researchers to understand
the strengths and capabilities of older adults — aspects which, due to a de�cit model of aging, are
less discussed.

2.2 Representations of older adults in assistive robotics and assistive technologies
The fast-growing population of older adults has inspired HRI and other technology design re-
searchers to investigate assistive robots [9, 29, 30, 52, 53, 65, 67, 68, 72]. Initially, many researchers
focused on the decline of older adults, and broadly assumed that these individuals would be unable
to perform activities of daily living (ADLs) as they get older [24]. Thus, most robots focused on
compensating for potential human decline, re�ecting a de�cit model of aging [9, 54]. For example,
one group of robots designed to assist older adults can provide physical assistance like fetching and
carrying objects, mobility assistance, and carrying people (e.g., Care-O-Bot, Riman). Another group
of robots provides psychosocial support like social companionship or telepresence, which aim to
prevent the social isolation of older adults (e.g., Paro, Hasbro Cat, IRobiQ). Assistive robots also
provide monitoring functions that notify healthcare sta� or caregivers of older adults’ emergency
situations (e.g., Hecter, Pearl, Wakamaru). Many of the robots that provide companionship have a
zoomorphic appearance, such as Paro, while others have humanoid forms.

Recently, HRI and other assistive technology design researchers have questioned the framing of
older adults as people with problems, and have started exploring alternative ways to avoid ageism in
technology design [10, 21, 26, 32, 43, 68, 73]. Several researchers have noted that older adults dislike
being represented as a group of people with cognitive and physical declines within the context of
assistive robotics and technologies [33, 35, 44]. The gap between their self-perception of the aging
experience and the stereotyped images of older adults in robot design research decreases their
adoption of assistive robots [44]. To bridge the gap, HRI researchers have adopted collaborative and
participatory design methodologies as a way to include the perspective of older adults [15, 36, 56, 59]
In the HCI community, researchers focus on the abilities of older adults as a way of identifying
alternative technologies for older adults. For example, researchers described older adults as digital
content producers [70], bloggers [13], or artists [32].
However, when researchers need to address the health problems of older adults, it is di�cult

to avoid centering on their health issues. The original goal for our own current project was to
explore healthcare robots for older adults. We wanted to avoid an ageist view in our research but
had to talk about participants’ current (health) problems. Thus, we focused more on re�exivity
[23, 25, 40] in our research process rather than completely avoiding discussion of the older adults’
health problems, since re�exivity addresses more fundamental problems of how researchers can
manage their biases towards their research participants.
When ethnographers realized that their ethnographic work describing their research subjects

contains their own biases and prejudices [40], the concept of re�exivity emerged. Re�exivity
involves being self-cautious about how the understanding of research participants is in�uenced
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Fig. 2. The three stages of interviews: collaborative map-making (le�), artifact analysis (middle), envisioning
interaction with a design probe (right).

by researchers’ sociocultural identities, including race, gender, nationality, class, and professional
status [58, 66]. It is especially important to be re�exive around the speci�c social identities of
researchers that could generate power imbalances between researchers and research subjects. For
example, when HRI researchers conduct �eldwork with older adults, the cultural practices of their
�eld might hinder their understanding of who the research subjects are from the research subjects’
point of view. The signi�cance of re�exivity has been the subject of multiple papers in the HRI
communities [8, 34, 35], and this study builds upon them.

To be re�exive in our study, we adopted collaborative research methodologies inspired by situated
analysis [19] and collaborative ethnography [31]. Among various social identities, we were self-
cautious about our position as HRI researchers with assistive robotics knowledge and our age,
which could prevent us from viewing older adults from their own perspective. Throughout our
study, we found that wisdom was a powerful design concept to guide us in being more re�exive. It
is also a practical design concept that can assist HR researchers who are new to re�exivity. We
discuss this aspect of our study further in the discussion section.

3 METHODS
This project had two goals: 1) designing robots that enhance older adults’ health management; 2)
avoiding the de�cit model of aging. Because of the �rst goal, we needed to focus on how older
adults experience their health issues; however, due to the second goal, we needed to not frame
older adults solely as people with health issues. To resolve this potential paradox, we investigated
not only their health issues, but also their abilities to manage these issues. Considering our social
identities as researchers within a discipline which has long adopted a de�cit model of aging, we
endeavored to be re�exive throughout the research processes by consistently checking if we were
framing older adults mainly as people with problems [47, 55, 58].
For that reason, we employed collaborative design methods which include three phases: 1)

collaborative map-making [37], 2) artifact analysis [38], and 3) envisioning interaction with a
design probe [69] (see Fig. 2). As a collaborative design study, its process prioritizes sensitization
of the relationships between researchers and research participants, which enables a dynamic
negotiation process between the two regarding robot design goals. For this process, how older
adults map out their aging experience in Phase 1 becomes a guideline for the next two phases.
For example, in the �rst stage, participants selected words that describe their aging experience
without any restrictions (see Fig 2 left). The maps created in the �rst stage were frequently revisited
throughout the research process, both with and without the presence of the participants. The map
making process did not include any technical components by which older adults could freely map
out their experiences as domain experts of their lives. During the second and third phases, we
always began by checking the maps from Phase I. Additionally, the participants and interviewer
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Fig. 3. A design probe to examine the embodiment of robots for aging

(�rst author) revisited the maps together whenever they had con�icting views on robot designs.
Because the maps were revisited multiple times throughout the study, participants could pick and
choose how to represent their aging experience throughout our collaborative design process. All
interviews were conducted individually in participants’ homes in 2018.

3.1 Phase 1. collaborative map-making
In the �rst stage, we conducted a collaborative map-making study [35, 37] where participants
illustrated their aging experiences from their own point of view. We provided them with three
keywords (“aging,” “yourself,” and “health”) that we are interested in and let participants build
their maps of words associated with those three words. We then asked them to write 15-20 words
(or short phrases) related to the three keywords. After writing down each word on a Post-It, we
asked the participants to categorize their words to �nd emerging themes and to pick the most
important words (see Fig. 2 left and Fig. 5). When they were done making their maps, we asked
participants to explain them (e.g., Why did you select each word?, How did you categorize the
words?). Additionally, because one of our goals was designing robots that support their health
management, participants were asked to provide their health issues if they don’t provide the
information in their maps.

This �rst stage was crucial to be sensitive to potential biases that we, the researchers, have in that
we let participants choose their own words and categorize them from their perspectives without
any restrictions. The maps helped us to re�ect on whether we have biased assumptions about
older adults. Through the mapping process, they had the chance to freely associate “aging” with
words other than “decline” or “problems.” We intentionally did not talk about robots or any other
technical terms at this stage, but instead allowed participants to focus on the important aspects
of their experience. We reused these maps in Phase 2 and Phase 3, to reposition us closer to the
participants’ point of view.

3.2 Phase 2. Artifact analysis
In the second phase, we explored morphology of robots through artifact analysis (See Appendix
for the images that we used) [38, 39]. As a �rst step, the �rst author showed the participants
the maps they had developed, and reminded them of the most important themes describing their
experiences as well as health issues that they wanted to focus on. After that, the interviewer
presented various images of intelligent technologies from the Internet of Things (e.g., smart fridge
to recently released personal robots (e.g., appliance-like personal robots such as Jibo and Relay) to
more conventionally bio-morphic assistive robots (e.g., Paro and Care-O-Bot). We included diverse
intelligent technologies so that participants could escape their preconceptions about what robots
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were. When the interviewer presented the images, she brie�y explained the purpose and functions
of each technology.
As in the �rst interview, the interviewer asked participants to categorize the technologies

according to the perceived similarities in terms of robot morphology (see Fig 7). The interviewer
did not provide any pointers for participants to focus on, so that participants could frame the robots
from their own perspectives. After categorizing the robots, the participants made a title for each
category, and explained the rationale behind their categorization. After that, the participants were
asked to pick technologies that could be most useful in their daily lives, and technologies that
they would never use. The interviewer also asked about the rationales behind these choices. If
participants had questions about the technologies (e.g., speci�c functions), the interviewer answered
them. Throughout the second section, participants were free to change their categorization at all
times.

Phase 2 helped us to �nd what design features should be incorporated within participants’ ideal
robots. Originally, we planned to ask participants to �rst criticize the existing robots, and then
to sketch their ideal robots. However, six of our eight participants found sketching di�cult, and
were reluctant to try. Since we were using a collaborative design process and participants were
our collaborators, we were willing to negotiate a new approach. Therefore, we instead developed
a robot design probe based on the participants’ preferences on existing technologies and their
rationales for robot categorization.

3.3 Phase 3. Envisioning ideal robots with a design probe
Phase 3 was began by debrie�ng our Phase 1 participants. We shared each participant’s map to
remind both the interviewer and the participants of how they had depicted their experiences and
health issues. Then, the interviewer presented a design probe (see Fig 3) [11, 69] not as the �nal
product of our study, but as a �exible prototype that participants could redesign. We explained
that the design probe was generated based on the participants’ opinions gathered in Phase 2. We
also explained that, due to the participants’ di�culties in visualizing ideal robots, we were instead
providing a design probe as a starting point to envision their ideal robots and help them to verbally
express their design ideas.
We created this design probe based on the artifact analysis interviews in Phase 2, wherein

participants demonstrated preference for appliance-like shapes, tablet-based interfaces, storage,
and mobility. For example, all participants selected Relay (see Fig 6 left) as potentially useful for
them, due to its less human-like shape, its mobility, its ease of storage, and its tablet-based interface
which they were already familiar with.

To facilitate negotiation with participants as to the probe’s construction, we ensured that each
design item (e.g., tablet, wheels) was modular and detachable, by using cardboard and magnets. It
is a 9” x 6” x 4” box, with a tablet on top to support interaction (see Fig. 3). Participants could open
the box and store small objects like water bottles, remote controls, pens, or cosmetics. The screen
displays a smiling face, to provide the a�ordance of being open to communication. In addition, in
order to not limit participants’ imaginations, any potential functions that participants inquired
about (e.g., detect behavior, hold conversations) could be added to the device through re-design.
Participants were explicitly told that the design probe will be redesigned as they envisioned

it. They were then asked to verbally and physically demonstrate how this prototype can interact
with them to address their health issues (e.g., ‘how would this robot help you enhance your health
management?’), how it communicates with them (e.g., ‘how are you going to communicate with
this robot?’), how it can be placed in their home environments (e.g., ‘where are you going to interact
with this robot? where do you want to place the robot in your apartment?’), and how they want to
change the design (e.g., ‘would the size of this design probe be appropriate?’).
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Fig. 4. Pictures from the retirement community: Apartment doors, library in a common area, decorations
near a door, a living room of one participant’s apartment (from le� to right).

As this was a collaborative study, the participants were able to add any comments regarding their
ideal robots. During the negotiation process, if participants experienced di�culties in conceiving of
methods to address the issues they raised, the interviewer made multiple open-ended suggestions.
However, the �nal design decisions were made by participants. Unlike in Phase 1 and Phase 2,
the participants designed robots for each household and shared the design goals of the household
robots. These decisions were made by the participants as partners.

3.4 Participants and data analysis
We recruited eight participants from a retirement community (see Fig 4) in winter 2017. The study
was conducted between January and July 2018. Each interview took 45 minutes to an hour. We met
three times per participant. All interviews were recorded and transcribed. Our colleagues hosted
a research outreach event as part of a larger healthy aging research project at the community,
which is where the recruitment process took place. The recruitment e�orts were approved by the
IRB at our institution. The two authors introduced themselves as HRI researchers who investigate
healthcare robots. Participants signed up if they were interested in projects relating to healthcare
robotics.
All participants were retired, and two participants were either single, or widowed and living

alone. The two male participants were each cohabiting with a female participant. One participant
had a mobility impairment and used an electric wheelchair, and another used a walker. None of
the participants were o�cially diagnosed as having cognitive de�cits. Although two participants
in their 90s mentioned experiencing mild memory loss, their primary doctors told them that this
was part of the normal aging process. The consent process was done individually right before
each Phase 1 study. Participants ages ranged from 72-92 (mean = 82 years old). We assigned each
participant a pseudonym to anonymize their information. Rather than assigning code numbers, we
chose to employ pseudonyms to preserve each participant’s individuality and agency. We chose
pseudonyms from a social security database [2] based on the birth year of each participant.

As brie�y explained above, we had two potentially con�icting aims. The �rst aim was to design
robots for older adults’ health issue management; however, at the same time, we did not want to
frame them entirely as people with health problems. We had to identify health problems without
de�ning older adults solely through them – which, despite our e�orts to avoid the de�cit model, was
di�cult, because our focus on health issues naturally led us to discuss aging in terms of problems.

Especially in Phase 3, when the participants and the interviewer discussed the use or redesign of
design probes to address their health problems, the interviewer sometimes suggested robots that
could detect problem behaviors to provide remedies. Participants typically disliked this. Throughout
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Fig. 5. Two maps from participants showing the importance of their coping strategies as the most important
factor in their aging experiences (Phase 1). Le�: Barbara’s map marking "the best alternative in life" as the
most important word; Right: Judith’s map marking "optimism" as the most important word

Phase 3, the participants strongly argued that robots need to focus on their capabilities and coping
strategies, rather than on the problems themselves. As we revisited the maps developed by the
participants in Phase 1, we found that the signi�cance of older adults’ coping strategies – or
"wisdom" – was also actively discussed in the participants’ maps. Considering the importance
of wisdom as a way to achieve the two goals, during the analysis process we focused on how
participants discussed their capabilities, and on how their views con�icted with those of the
interviewer.
The collected data from each phase were analyzed immediately after completion, to facilitate

preparation of the next phases by following an initial line-by-line coding of grounded theory [17].
After all interviews were �nished, the data were thoroughly analyzed again. In the second analysis,
following incident-by-incident coding of grounded theory [17], we collected lists of incidents
from our transcriptions. These were about wisdom, participants’ existing coping mechanisms,
and con�icting views between participants and researchers. Then, we coded the incidents with
labels and created categories by grouping similar codes together to generate main themes. As
following constructivists’ grounded theory, analysis was a dynamic process in that the labels, and
the categories were updated as needed throughout the coding process. The entire study was coded
together; however, the results of each phase are reported separately in each subsection of the results
section below. The main narrative �ows from 1) understanding older adults’ coping mechanisms
(Section 4.1), to 2) older adults’ interpretation of existing robots (Section 4.2), and then to 3) older
adults’ ideal robot design (Section 4.3).

4 FINDINGS
4.1 Wisdom as a coping mechanism developed throughout one’s life
In this section, we report our �ndings from the �rst phase of our study, collaborative map-making,
where we asked participants to map out their experience regarding "health" "aging," and themselves
("myself"). The most salient discussion was about how they have been resiliently managing various
life challenges and become "content" with their aging experiences despite new health issues. All
participants mentioned their health issues including healthy eating, weight issues, mild memory
loss, sleep apnea, and pill taking. The participants shared their coping strategies accumulated
through various stages of their lives, which we refer as wisdom. One participant explicitly used
the term "wisdom" to describe experiental knowledge, while others used phrases like "the best
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alternative in life" and "optimism" for dealing with the "unknown" (see Fig 5). In general, all
participants were content with their aging experiences and had no negative connotations on aging
similar to our �ndings in [35].
Similar to the notion of wisdom in previous studies, participants develop their wisdom as

experiential knowledge, which has been developed based on their accumulated experiences of
dealing with their life challenges [6, 63, 64]. Below, we explain how the participants developed
wisdom as personalized coping strategies based on their life experiences. Participants shared three
sources of wisdom: 1) managing their di�culties in childhood, 2) learning from families, and 3)
accepting their vulnerabilities.

4.1.1 Wisdom learned from di�iculties in childhood. Barbara (90, retired social worker) said she
was a “Depression baby” who experienced the Great Depression when young, which taught her a
lesson of “adjust or die.” When she introduced herself, she said:

I was a Depression baby. You know the depression we had, the �nancial crash in the market
and stu� in the [late] ’20s; that’s when I was born...a lot of people lost their jobs, including
my father. So, we had to move away... I think that was a big factor in changing my life.
Because it was a big change living with families, living in a big city, and moving to the
small town. I went to a good public school in New York. In Connecticut, I was in a country
school with two classes together and... no other Jewish people... that was a big factor in
my life. I had to adjust to it. And I guess that’s why I was able to adjust to Navy life [due
to my husband’s job], and moving [often]... making new friends, new places, and new
customs (She had 18 moves in her life due to her husband’s job in the Navy). So... I think ...
although the �rst move was the hardest. That was the lesson that I learned. “Adjust or
die!” If you don’t change, you are stuck there. You have to adopt changes.

Her lesson taught her to �nd the “best alternatives” throughout her life, which she continues
applying to the issues she is encountering in her 90s. She said:

I do have some memory issues, and I’ve been participating in all kinds of studies. I joined
a research network. I went to lots of places like the Alzheimer’s Association.

To �nd the best alternatives, she has been actively engaged with local organizations for people
with memory issues to �nd resources. Thanks to her wisdom, she knew to seek out resources to be
more prepared and more resilient for the potential challenges that memory issues can bring.
Similar to Barbara, James (81, retired civil service o�cer) experienced precocious puberty [41],

and reached his adult height at the age of six. He too learned how to handle life challenges thanks
to his experiences. Although there is now a treatment for precocious puberty, he has “no regrets
and no lingering desire for what would have been a very di�erent life” and he will continue doing
what he has been doing until he dies:

I recognize and adapt to my changing circumstances, pass on information about my
circumstances to friends and family, make appropriate decisions about my personal needs
and will be prepared to relinquish control of my a�airs as my capabilities decline, I will
maximize the opportunity to have a good death.

Although the participants experienced di�culties when they were young, this helped them to be
who they are, and in�uenced how they manage life challenges. These coping mechanisms are still
the most important strategies for them to manage new health issues.

4.1.2 Wisdom learned from family. Judith (83, retired principal) explained that “positive” is the
keyword to describe herself and her aging experience. In her map (see Fig 5 left), she had a group of
words describing being “positive,” which includes the most important words for her such as “humor”
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and “optimism.” Being positive has helped her to keep her mental and physical health, which
also has been good for maintaining and nurturing relationships. Judith learned the importance of
positivity as a part of her family culture. When she was little, her parents, particularly her mother,
had a great sense of humor and she had memories of laughing a lot. Those experiences taught her
that it is vital to “look forward than to settle in the mud where you are and look back.” Her beliefs
on positivity, cultivated as a part of her family culture, was reinforced when she experienced sex
discrimination in her workplace. She said there were no female high school principals before her in
her school district and she shared how she became the �rst one.

I was an assistant principal, and applying for principalship one summer. I didn’t get
the �rst one, didn’t get the second one, and didn’t get the third one. I got a call from an
assistant superintendent who said “tonight is your night.” So, I thought. Oh. Alright. But,
didn’t get it. Then, one of the board members said “this is terrible.” I was the number one
recommendation of the superintendent for every open position in summer and I had been
passed over each one for a male candidate. It was like “Wham!”

When she consulted with members of a women’s organization, half of them said, “Don’t do it
[�le a lawsuit]. It’s career suicide,” and the other half said, “Go and get it.” Attorneys also were
divided into the two groups. In the end, she decided to �le a lawsuit.

I was driving to work one day... And I thought “Okay. Knowing what I know. Can I live with myself?”
It was unique because it was revealing. You knew what was going on. A lot of time you know what is
going on but you don’t really know anything. But this was revealed. “No. I can’t.” And I said “�le the
papers.”
She won the case, became a principal, and later, district o�ce director. To this day, Judith

continues employing a positive attitude as a means of coping with her progressive stages in life.
After discussing her “worries” (e.g., �nancial issues and “unknown” future health issues), she went
back to the word “positivity” (see Fig 5) and said:

My dad had a little saying taped on his bathroom mirror and it said every day. He looked
at it every day and he said, “If it is to be, it’s up to me.” So, it’s kind of that outlook.

She said her positive attitude helps her to deal with unknown di�culties in her current and
future life and to enjoy every moment of it. Carol (92, retired high school teacher) had a similarly
positive attitude due to her family situation. She lost both of her parents before she was ten, and
had to transition to her uncle’s care. Although it was di�cult, she found that she could not keep
mourning her losses, and tried hard to be humorous and laid back about her di�culties. Carol has
kept applying her laid back attitude toward the memory issues she has been experiencing lately.
While she does worry about these issues, she wanted to address them by drawing on her wisdom.

4.1.3 Wisdom of accepting vulnerability. Dorothy (73, retired recreation therapist) said the most
relevant word in describing who she is today is “able,” of which she feels very proud. She said:

I’ve not always been able. I’ve not always had courage. And it’s a growth that I’ve gone
through and today I feel able. Particularly with aging that when I look back I’ve seen
myself as very introverted, very quiet, and not wearing my feelings on my sleeve.

She explained that her identity originated from her being “a good woman” in her earlier life.
Being a woman has meant being asked to do or not do certain things, which, according to her, was
very much a “suppressing type of thing.” Her identity was originally built upon her gender but has
evolved through the knowledge she has gained from some failed relationships with life partners
and other people. One thing she found out was that everyone, even men, can get scared of anything
and it is okay to be afraid.
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Fig. 6. Participants disliked the first three robots (CoCo, Papero, Keepon) due to their toy-like color schemes;
Kuri (fourth) was disliked due to its unclear functions; Mabu (fi�h) and Relay (sixth) were perceived as useful
due to their tablet-based interfaces.

I don’t have to be perfect. I can look at something that works and know and see if that
works.

As she was wrapping up her story, she explained how she rede�ned the meaning of “strong”
based on her aging experience:

Strong just isn’t always muscle power. Strong is, I believe, sometimes being weak. And
sometimes being vulnerable and afraid. I think that’s maybe called total strength.

Through her aging experiences, she found strength comes from accepting one’s vulnerabilities
and appreciating herself as she is rather than trying to hide certain parts of her. She said that she
might encounter new di�culties in the future, but she would like to stay strong enough to be
resilient in accepting her vulnerability and establishing what she can do when new situations arise.
Similar to Dorothy, Sandra, born with achondroplasia (83, retired childcare provider), said that

her gender identity of being woman in�uenced her life. Her disease was particularly di�cult for her
because as a woman, she is often expected to have a certain appearance. However, after accepting
herself as she is, she was able to distance herself from societal gender expectation and cherish her
own life. Also, it helps her come to terms with the di�culties brought on by her disease. Positivity
was an important asset to Mary (90, professional artist and actor), who called herself "Pollyanna
[48]", referring to the 1913 novel by Eleanor H. Porter, whose titular character is perpetually cheerful
and optimistic. Throughout her caregiving experiences for her husband with dementia, Mary’s
positive attitudes helped her to navigate di�culties.
As all participants explained, their past experiences helped them develop their own ways of

dealing with various life challenges. When they told us about their aging experience and who they
were, their wisdom was the most meaningful and crucial narrative that they wanted to share.

4.2 How existing robots intersect with participants’ aging experiences and values
Since this paper’s goal is the exploration of robots for older adults, seen from their viewpoint, this
section explains how participants critically analyze existing robots based on the data collected
in Phase 2. As part of the collaborative design process, we presented the images of existing
robot platforms to ground our discussion within current technologies, and to give participants
the opportunity to discuss robot morphology. This process helped familiarize participants with
currently available technologies. As a last step of this phase, we planned to ask the participants to
visualize their ideal robots; however, they were not comfortable with sketching as a way to express
their ideas. Thus, based on the results of this phase, we generated a design probe. As participants
pointed out which robot design factors they liked or disliked, we were able to produce a �exible
prototype based on the discussions. Our design probe helped the participants verbally express their
ideas about how to redesign the robots while they physically interacted with it in Phase 3.
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Fig. 7. Artifact analysis results from Phase 2. Le�: Judith’s robot categorization including a group of toy
robots and a group of potentially useful robots for older adults; Middle: Judith collected toy-like robots and
explained that they are cute but not very useful; Right: Barbara’s group of toy-like robots.

Participants preferred similar robot design factors. Even when they had di�erent opinions on
one robot, we were able to identify patterns accounting for why they preferred (and did not prefer)
certain robots. In summary, participants 1) rejected robot representations that they considered
infantilizing in function, color scheme, and shape, 2) addressed the importance of downsizing in
their lives, and 3) expected that their robots would re�ect prosocial values. Among the robots
that we shared, participants commonly selected Mabu and Relay as potentially useful (see Fig 6).
Participants expected that they would be able to use the robots’ tablet-based interfaces, and liked
Relay’s ability to carry objects.

4.2.1 Rejecting infantalizing robot representations. All participants tended to avoid the “toy-like
features” of robots in terms of color scheme and function. All participants either made a group
of robots called “toys” or described certain robots as toys. Participants disliked those toy robots
because they thought the designs re�ected the looking down on of older adults as children who have
limited intelligence. Although participants sometimes had divergent opinions on which robots look
particularly toy-like, they commonly pointed out that the vivid color schemes of robots represent
toy-likeness. For example, Papero’s combination of the vivid red and yellow [45], the yellow color
of Keepon [16], or the combination of vivid red, yellow, green, and red of the CoCo - Parrot robot
[50] were considered toy-like, see Fig. 6.
The participants disliked the social robots (including Kuri, Aibo, and Papero), which were

designed primarily for entertainment and social interactions, calling them toy-like. This disfavor
aligns with how participants see themselves as people with wisdom and maturity. In contrast, more
than half of the participants (6/8) like tablets as a part of robots. Participants found that robots’
tablets indicate programmable features that are easy to use (e.g., tablet screen of Mabu or Relay).
Moreover, many said they are familiar with tablets from their everyday lives.

4.2.2 Importance of downsizing in the later stage of one’s life. When the participants discussed
their preferences for potential robot designs, all participants except two (6/8) were reluctant to
accept robots because they con�icted with their lifestyle. Six participants described their lifestyle as
people who do not buy new products unless they are absolutely necessary, similar to the minimalist
lifestyle. Rather than adding new things into their daily lives, they wanted to scale down what
they have and minimize their belongings. Downsizing was also important with regard to their
�nancial planning. Half of our participants (4/8) wanted to save money for later in their lives,
rather than spending it on unnecessary products. Speci�cally, they wanted to limit extraneous
spending because they were unsure how long they would need to save.
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When designing robots for older adults, it is important to consider lifestyles and living spaces
in terms of size and functionality. For example, (4/8) participants preferred smaller-sized robots.
Judith explains:

One other thing that people have trouble with is getting rid of things [although they want
to]. Especially, people who have lived a long life... there are some apartments here that
are such dumps in there [because they downsized their house but were not able to remove
things]. I don’t know even know whether a robot can get around there. Some residents...
have so much big furniture. And they have something right in the doorway. And you can’t
even open the door because there is a piece of furniture. So the thing about body size [of
robots] I don’t know whether they can get [large robots] in there.

These �ndings show the importance of understanding older adults’ lifestyles and how they adopt
new technologies and other products.

4.2.3 Older adults as critical citizens with their prosocial values. Older adult participants presented
critical perspectives towards a role of robots in society. All participants except two explicitly
expressed their concern about whether robots might negatively in�uence society. Among various
robot designs, participants particularly worried about robots that have noticeable anthropomorphic
features (e.g., the human-like face of Mabu) or robots that have high autonomy like a self-driving
car. When reviewing Mabu’s robot design, Barbara (90, retired social worker) explained why she
was unconvinced about employing robots in healthcare settings. She said:

Technologies should not replace humans. And the money that you are going to spend on
[robots] could give somebody a job. They want to cut Medicare because people have to
spend extra money.

Our discussion with Barbara started with how this technology could be useful for herself, then
expanded to include broader social actors throughout our discussion. When we discussed how the
robot might be employed as a part of a community center or other public health system, she argued
that as a retired social worker she expected that employing robots would de�nitely in�uence job
security for existing social workers. She also said the situations would be similar whether hospitals
pay for robots or insurance companies pay for them. As HRI researchers focusing on robot designs
for older adults, we have not considered the institutional changes or broader social stakeholders.
Our discussion with Barbara highlighted how robots are placed within a broader social network.

Participants also maintained their critical views as they explored potential uses of robots in their
homes. When discussing how existing robots can bene�t them, they clearly avoided considering
robots that would replace their existing helpers. All participants employed helpers who take care
of housework and other errands, and it was important to them that their robots collaborate with
the helpers, not replace them. For example, Sandra said her helpers are, “windows to the outside
world out of my home,” and would keep them regardless of employing robots. When reviewing
the robots, she searched for robots that can perform tasks which her helpers �nd annoying (e.g.,
picking up the remote control over and over).
Based on our artifact analysis study, we found that the older adults are most positive about a

robot that is controllable by a tablet, is capable of carrying things, and is mobile. As the participants
were hesitant to sketch their ideal robots, we developed a design probe as a �exible prototype with
modular parts that helps the participants to envision their ideal robots (see Fig 3).

4.3 Robots focusing on the wisdom of older adults
In Phase 3, we brought our design probe to the participants’ homes and asked the participants to
verbally explain and physically show how they would interact with this robot to tackle their health
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Fig. 8. From le� to right: Sandra’s robotic drawer sketch; Sadra demonstrating how she interacts with her
robot; Carol’s list of significant others who she wanted to remember; Carol’s embroidery work that she wants
to reflect to her robot design

issues shared in Phase 1. We emphasized that this is a �exible prototype that they can redesign,
and they do not need to limit their imagination to it. In this phase, rather than discussing how they
can use the design probe, two participants shared why they do not want robots: they were satis�ed
with their lives. As a collaborative study, we respected the participants’ opinion and accepted that
robots cannot be the optimal solution for everyone. In this section, we focus on the remaining six
participants. All six participants were generally content with the design probe’s shape because of
its minimally human-like morphology and its tablet interface. 4 of 6 participants assumed that the
robot would be on the �oor. They wanted it to be larger and more visible, and mobile so it could
physically approach users. 2 of 6 participants wanted the robot to be on the table. They wanted to
keep its original size, and remove its wheels.
During our discussions with the participants about how robots can support their health issues,

they often disliked that robots focus on negative aspects of themselves (e.g., pointing out unhealthy
habits through monitoring systems). Although they wanted to enhance how they manage their
health issues, they preferred not to be criticized by robots. Rather, they wanted the robots to
a�rm their existing experiential knowledge so that they can be motivated to better handle the
health issues. In other words, all participants expressed that their robots need to either explicitly or
implicitly a�rm their wisdom that was discussed in Phase 1.
For example, Dorothy (73, retired recreation therapist), gained new knowledge through her

failures, and Judith (83, retired principal), shared her gender discrimination experience, initially
wanted robot assistance for food and exercise management. However, upon explaining possible
interactions with our design probe, they realized that such management functions can interfere in
their autonomy. When discussing how a robot design probe can monitor Dorothy’s eating habits
to track her food choices, she explained that she disliked having a robot point out that she ate
unhealthy foods. She explained that the robot is eventually going to interfere with her autonomy.
To Dorothy, keeping her autonomy was more important than improving her eating habits. She said:

Food is an issue, but I don’t want [the robot] to be [the] food police. I know what I should
be doing. I should be doing it and when you tell me that means I am not doing it. That’s
criticism. That inhibits my ability to pursue it. And I am not a very “should”-oriented
person. As soon as you say “should” as my mother [used to say], I would say “Screw you!”
It’s done. I don’t care whether it’s good for me. (laughs)

To avoid this concern, we discussed what types of interactions with a robot could strengthen her
autonomy. She explained that her robot should make her feel “able," which was a critical part of her
wisdom as discussed in Section 4.1.3. To her, acknowledging her knowledge (wisdom) gained from
previous experiences, and reminding herself how much she has survived, helps motivate behavioral
changes. In other words, she wanted to have an a�rmation of her wisdom as a reminder of her
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capabilities, which Judith also suggested in her interview. To let robots know about their wisdom,
both Judith and Dorothy wanted to record how they encountered challenges and successfully
dealt with them, in a few short sentences. After recording, they’d like to listen to the stories as
“a repository of good” particularly when they need more motivation to change their behaviors.
Dorothy explained:

A�rmation would be wonderful. It gets me away from being stuck in the negatives and
re-a�rming that the whole is a better view than the negative things that I did today. It
would be nice to start with a day with it. Sometimes your day is crummy ’cause sometimes
it is just crummy. Not very re-a�rming but to have a recollection and start to have that.

Dorothy and Judith liked to place their robots right next to their bed tables and get the a�rmation
every morning as they said:

It’s like a good breakfast. I love a�rmation. I think they are a friendly reminder of good
and your own personal a�rmation. That’s very nice. All the good things and the struggles
you had. Having a time of struggle is an a�rmation. You know . . . Something heat my
face but I smiled. I washed my face and moved on.

Dorothy liked this interaction scenario particularly helpful because the robot does not teach her
or interfere with her autonomy . She explained why she like this interaction as follows:

It’s teamwork of me and myself. More than the sum of my parts. It’s me, history, and a
combination of those things. I think it’s subsidiary that every robot is individual; that it’s
very personalized.

These discussions helped us to understand that recommendations from robots could make older
adults feel that they were being judged, watched, and examined. Similarly other participants also
wanted their robots to support their capabilities accumulated through their life experiences.

Todd (85, retired high school teacher) and Carol (92, retired high school teacher) were partners,
and they wanted a robot to assist with Carol’s mild memory loss. Carol, who lost her parents
before she was ten, wanted a robot to help her remember the names of the people she cares about.
Due to her personal history, her relatives were an especially important part of her life, as they
had helped her develop her laid-back attitude as discussed in Phase 1. They shared with us her
photos that showed important memories which she does not want to lose (see Fig. 8 right). Because
of her desire not to focus too seriously on her memory troubles, Carol wanted to interact with
her robot rather infrequently (e.g., she wanted to interact with a robot about once a week, and
wanted the ability to alter the interaction frequency to keep her from feeling forced to consider
her imperfection). She did not want to spend the rest of her life trying to focus on memories that
were not meaningful. Carol expected her robot to help her maintain memories of people which
she cherishes rather than to problemitize (or �x) her memory loss in general. She also liked the
idea of employing design themes of her embroidery work into her robot (see Fig. 8). Carol and
Todd wanted the robot to be bigger so that they would not stumble over it. They wanted the robot
to be placed in the living room, and to come to them when they are sitting on a couch. They can
then use it in memory training activities. They liked the idea that the memory exercises could be a
shared game on the tablet that they can play together.
As partners, James (81, retired civil service o�cer) and Sandra (83, retired childcare provider)

wanted to have a robot to support Sandra’s physical disabilities. Sandra, who has achondroplasia,
learned that she does not need to hide the physical challenges caused by her condition, and instead
actively shared them with people (see Phase 1 for more information about this experience). Since
she had two part-time helpers and had enjoyed her social interactions with them, she wanted her
robot to support her for painting activities. Because painting is an activity that allows her to focus
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on who she is, she preferred to be alone with a robot. The robot was expected to strengthen her
identity not as a person with disability, but as to be a person who enjoyed painting, and expressing
herself through the activity. She liked the basic shape of the robot, but wanted it to have more
storage as a mobile drawer containing painting materials (see Fig. 8).
In this vein, it is crucial for the robot to know that older adults were people with their own

wisdom, which represents who they are and who they had been. Understanding these experiences
of older adults is as important as providing quantitative medical measurements and the meaning of
the those measurements based on standardized metrics. The signi�cance of personal history in
technology design for older adults was also addressed in [69]. While measurements can provide
objective information about older adults, this makes them passive actors who are examined and
judged by robots. On the other hand, sharing wisdom with robots a�rms older adults as engaged
actors who have enough intelligence to change their behaviors regardless of their current status.

5 DISCUSSION
The most important concept to emerge from this collaboration with the older adults was wisdom.
In this section, we will explain how wisdom lets us be re�exive about 1) the traditional de�nition
of knowledge in HRI, as well as 2) the conventional understanding of older adults, which is not
only present-centric but past-agnostic.

5.1 Wisdom as a critical lens to reveal the significance of experiential knowledge
To explore alternatives to the de�cit model of aging, researchers should avoid representing older
adults primarily as people with deteriorating health. However, when designing technologies to
support health issue management, the question of health problems become a central one. In
practice, avoiding the de�cit model can be di�cult. After identifying older adults’ health issues,
we inadvertently framed older adults as people with health problems rather than seeking their
capabilities. In other words, we unintentionally followed the de�cit model, which has long been
predominant in assistive technology design studies.
Wisdom—a concept that emerged from our collaboration with older adults, rather than being

intentionally chosen within our study design—provides the most helpful and practical frame for
incorporating these ambivalent aspects of aging experiences. We had long discussions with our
older adult participants regarding how their ideal robots could help them manage their health
issues. They explained that they wanted us to focus more on their coping mechanisms for life issues.
To the older adults, health issues were just one part of their lives, and they already knew suitable
ways to manage them. They needed a way to better utilize their own experiential knowledge.

Experiential knowledge has largely been ignored within technology design communities and
other academic �elds. In particular, the experiential knowledge of people who have been misrepre-
sented as having less knowledge (e.g., informal caregivers [60], production workers [12], people in
developing countries [22], racial minorities [74]) is considered less credible—if it is even considered
to be legitimate knowledge. For example, informal caregivers have long been presented as having
limited medical knowledge, and thus technologies have been developed to compensate for the
assumed lack of knowledge regarding caregiving practices and self-care [18, 27, 61]. However,
researchers found that informal caregivers’ own experience have already enabled themselves to
develop their own coping mechanisms; moreover, these strategies can work better than those
developed by healthcare professionals.[60].
A growing number of studies have argued the importance of incorporating the experiential

knowledge of marginalized communities into technology design and other social interventions for
positive social change [22, 60, 74]. These studies focus on visualizing previously invisible knowledge
of underrepresented groups and designing their interventions for the communities’ empowerment
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based on that existing knowledge. Researchers discovered that this approach generates solutions
that are e�ective and sustainable because of their familiarity and suitability to research participants.
Older adults’ experiential knowledge is not particularly appreciated in HRI and other technology
design communities. This could be because those �elds have long considered technological knowl-
edge as primary. The wisdom of older adults can be considered as an important asset, which could
enable design researchers to be aware of older adults’ capabilities and to utilize them in the design
process.

5.2 Wisdom as a critical lens to rethink time boundaries when understanding older
adults

When understanding older adults and their issues, HRI researchers and other technology design
researchers have focused on older adults’ lives through a past-agnostic lens. The researchers have
looked at older adults’ health issues as a result of aging. However, to identify who older adults
actually are, their past experiences are as crucial as their present experiences.

In our map-making session, one of the three keywords that we presented was “myself.” To explain
who they are, all participants naturally explained their past experiences. It was surprising how
unique our participants’ past experiences were. We had initially perceived their pasts as largely
super�uous background information that would not be directly relevant to our work. However, as
we continued to negotiate with our participants regarding robot designs, we realized that those
experiences are crucial for designing robots that �t in their users’ identities and lives.

Wisdom includes older adults’ coping strategies that they attained throughout life experiences:
not just their presents but their pasts. Because researchers only have limited time to encounter
participants, it is easier to identify older adults solely in currently-visible aspects (such as physical
and mental decline). With wisdom as a design concept, researchers could pay more attention to
how older adults went through their lives and how these experiences make their current identity.
This could also let researchers understand older adults not just as people who are experiencing
health problems now, but as people who have gone through multiple stages of their lives.

6 LIMITATION
Wisdom is a promising concept that helps researchers pay more attention to older adults’ experien-
tial knowledge. However, because everyone has their own personal history and aging experiences,
it is di�cult to generalize the design features of wisdom-focused robots, or to measure wisdom
with standardized metrics. Self-a�rmation was a promising design feature for our participants who
had certain social, cultural, and historical experiences, but it is not the only one. We encourage HRI
researchers to seek the unique wisdom of their participants through building close collaborations
with them and investigating their sociocultural contexts throughout their lives. Regardless of these
limitations, we hope wisdom can provide an opportunity to HRI researchers to be aware of their
own unintentional bias towards older adults.

7 CONCLUSION
Older adults have been one of the most popular demographic groups in HRI since the �eld’s
inception [14, 65]. Recently, an increasing number of studies have recently begun acknowledging
the stereotyped representations of older adults in assistive robot design and exploring alternatives.
One of the solutions to avoid the de�cit model of aging is incorporating older adults’ voices in
robot design processes as collaborators and co-designers. However, due to the long history of
focusing on the decline of older adults, it is di�cult to be self-aware of the overarching societal
ageist viewpoints being re�ected in robot design. In our collaborative study, we found that wisdom
to be as a promising design concept that could help HRI researchers to be more re�exive about their
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biases. The wisdom-focused approach, like the asset-based approach, can aid in appreciating the pre-
existing capabilities of socially marginalized populations (e.g., socio-economically disadvantaged
communities), and in generating sustainable solutions for these groups. Assistive robots could not
only provide new technological solutions for older adults but also mobilize their existing capabilities.
We hope this study sheds light on wisdom that could provide a critical lens for HRI researchers
to question how they de�ne knowledge, how they understand older adults, and how they design
robots for aging.
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