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Assistive Robotics and an Ecology
of Elders L iving Indep endently in

T h eir H om es

Jodi F or liz z i, C ar l D iS alvo, and
F rancine G em p er le
Carnegie Mellon University

AB S T RAC T

F or elders who remain independent in their homes, the home becomes more
than just a place to eat and sleep. The home becomes a place where people care
for each other, and it gradually subsumes all activ ities. This article reports on an
ethnographic study of aging adults who liv e independently in their homes. S ev -
enteen elders aged 6 0 through 90 were interv iewed and observ ed in their
homes in 2 Midwestern cities. The goal is to understand how robotic products
might assist these people, helping them to stay independent and activ e longer.
The ex perience of aging is described as an ecology of aging made up of people,
products, and activ ities tak ing place in a local env ironment of the home and the
surrounding community. In this env ironment, product successes and failures
often hav e a dramatic impact on the ecology, throwing off a delicate balance.
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AB S T RAC T

F or elders who remain independent in their homes, the home becomes more
than just a place to eat and sleep. The home becomes a place where people care
for each other, and it gradually subsumes all activ ities. This article reports on an
ethnographic study of aging adults who liv e independently in their homes. S ev
enteen elders aged 6 0 through 90 were interv iewed and observ ed in their



When a breakdown occurs, family members and other caregivers have to inter-
vene, threatening elders’ independence and identity. This article highlights the
interest in how the elder ecology can be supported by new robotic products that
are conceived of as a part of this interdependent system. It is recommended that
the design of these products fit the ecology as part of the system, support elders’
values, and adapt to all of the members of the ecology who will interact with
them.

1. INTRODUCTION

The United States is currently witnessing a rapid increase in the number of
elderly people. The U.S. Census (2000) estimated that there will be about 12
million people over age 85 in 2040. Many are expected to need physical and
cognitive assistance. Nursing homes and other care facilities can provide some
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assistance, but they already suffer from space and staff shortages. As the elder
population continues to grow, the greatest need for assistance will come from
elders who live independently in their own homes.

Advanced technology—artificial intelligence, image processing, and
speech simulation and speech processing—can be used to help elders and
caregivers. To date, many of the breakthroughs in advanced and autonomous
technology, such as assistive robotics, have only begun to offer social and eco-
nomic benefits (Computing Research Association, 2003). These systems are
the precursor to tomorrow’s assistive robotic products. Even in this early stage,
these systems should address the social, emotional, and environmental needs
of elders and caregivers. If inappropriately designed, assistive products come
at a great cost to society because they will not help those they were designed
for and because they will be unused.

Our goal is to aid the design and development of assistive robotic products
for the elderly through the development of design guidelines grounded in
ethnographic research. In particular, we are interested in supporting elders
who wish to remain independent in their homes. Elders are healthier and re-
port a higher quality of life when they are able to stay in their own homes
(Lawton, 1982). There are also substantial financial incentives to helping el-
ders live at home rather than in dedicated care facilities. The questions we
need to address are whether robotic products are appropriate assistive prod-
ucts to support elders; and if so, how to introduce them into the context of the
home.

We define a product, after design historian Victor Margolin (1997), as any
of a broad range of artifacts, services, and environments in the world. A future
robotic product might be an intelligent information appliance or a system of
distributed products and services within one’s home. We believe assistive ro-
botic products will exist in elders’ homes along with their treasured posses-
sions, mundane appliances, and a variety of assistive products. We aim to
understand how robotic products should fit within elders’ home environ-
ments. A future step will be to assess specific product ideas—appropriate tasks
for the product, what form it might take, what materials it might be constructed
from, what senses it might engage, and what interactions it might offer. To-
gether, these design decisions will set the right expectations about how a ro-
botic product might be used.

This article reports an ethnography of the daily domestic lives of elders,
their living environments, the products and services embedded in those envi-
ronments, and the activities that elders engage in. We believe that by better
understanding elders’ current relations to people, products, and activities, we
can begin to ask appropriate questions about how future robotic products
might fit within the home.
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1.1. Contex t of Assistive Robotics

Technological advances are currently being directed to assist the elder pop-
ulation. These products, which can be charted in the assistive robotics litera-
ture, emphasize the independence of the elderly as a primary goal. They
provide support for a range of basic activities, including eating, bathing, dress-
ing, and toileting (MOVAID, 2002; RAID Workstation, 2002; RAIL, 2002).
They support mobility in the form of ambulation assistance and rehabilitation
(GuideCane, 2002; Haptica, 2002; Morris et al., 2002; NavChair, 2002;
Wheelesley, 2002). They provide household maintenance in the form of mon-
itoring and maintaining safety in particular environments (Mynatt, Essa, &
Rogers, 2000). However, many of these products have been designed with lit-
tle consideration of the social, aesthetic, and emotional relations that elders
will form with the product. Future assistive robotic products will need to move
beyond task-based interactions and be attractive, affordable, and
nonstigmatizing. Accessibility, ease of use, and reliability will also be particu-
larly important for aging users.

An example of how people’s values can affect their usage of an assistive
product may be seen in the case of current mobility aids. Walkers, rollators,
and canes assist in mobility for all who use them. For the elder population spe-
cifically, these products mediate the activities of daily living, provide opportu-
nities for partaking in social activities, and reduce the risk of falls. Studies of
elders have shown that nearly one third of these devices are abandoned within
the first 3 months (Guralnik et al., 1993); the disuse rate is as high as 54%
(Scherer & Galvin, 1994). These products’ appearance inhibits many from us-
ing them in normal social situations (Hirsch et al., 2000). Elders who do use
walkers are inspired by the autonomy they afford; for these people, aesthetic
considerations are secondary (Mann, Hurren, Tomita, & Charvat, 1995).

Roboticists have developed a number of mobility enhancing assistive tech-
nologies. Most of these share control over motion with the user, undertaking
path navigation and obstacle avoidance (Lankenau & Röfer, 2001; Mazo,
2001; Prassler, Scholz, & Fiorini, 2001). The GUIDO (2002) walker provides
power-assisted wall or corridor following. The PAMM (Dubowsky et al.,
2000) project focuses on navigation for residents in an eldercare facility,
adopting a customized holonomic walker frame as its physical form. Although
these examples are inspirational, we need to better understand the context
that these products will be used in.

Our examination of the emerging field of rehabilitative robotics revealed
several opportunities for design research. The home is a growing area of need.
Many debilitating accidents happen to the elderly and infirm while unat-
tended at home (Living at Home, 2002). As robotic products emerge to ad-
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dress these safety problems, design research can support their broader
usefulness and desirability to elders in their own environments.

1.2. Ethnographic Studies of Aging

The social sciences have a rich body of literature on aging and the elderly,
much of it having implications for product design. Within sociology and an-
thropology, substantial ethnographies have examined the individual’s experi-
ence of aging and interpreted that experience within social, cultural, and even
economic frameworks (Bailey, 1986; Golant, 1984; Hazan, 1994; Silverman,
1987; Ward, La Gory, & Sherman, 1988). These works provide valuable in-
sight into understanding the role of objects, environments, and activities
within the lives of elders and caregivers; they give designers clues for future
product designs.

We found two of these studies to be of particular interest. The “Casser Mai-
son” Ritual (Marcoux, 2001) provides a material culture perspective on aging.
The author followed an elder who downsized her home and redistributed her
possessions to others in preparation for moving to a care facility. In this situa-
tion, the elder retained products whose functions served her particular impair-
ments as well as those that signified her former lifestyle. Dorfman (1994)
described an “ideal” aging experience in an extensive ethnography of elders in
a Quaker community. The context for the study, an upscale residential retire-
ment facility, offered an environment Dorfman felt was void of many of the
stresses common to elders. The values of remaining autonomous, sustaining
personal growth, helping others, maintaining social ties, and experiencing
pleasures were identified as important for this age group (Dorfman, 1994).

Our investigations identified a clear need for design research focused on
how robotic products might support or hinder the values identified in this pre-
vious research; for example, keeping possessions that link one to the signifi-
cant past. We focused our research on elders’ relations with products they
currently own. In an earlier study, we found that assistive products can feel
threatening as well as helpful to people. One woman refused to install bath-
room grab bars although her husband had fallen several times in the bath-
room; the bars would have ruined the decor of the house (Hirsch et al., 2000).
In a related study for a Pittsburgh company developing a wearable monitoring
product to improve health and fitness practices, we asked men and women,
ages 30 to 55, to describe their reactions to a sleek, stylish, arm-worn medical
monitoring device (McCormack & Forlizzi, 2000). Despite the fashionable
product form, over one half of the participants said they would not feel com-
fortable wearing it, particularly at work and in other public places. One third
of the participants described the product as reminding them of a lie detector or
a blood sugar monitor, despite the high design of the product form. These pre-
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liminary studies suggested that we need a better understanding of how
assistive products will be perceived and used.

1.3. Ecology of Aging

Our literature review and our previous research led to the development of a
theoretical framework to guide our ethnographic research. An ecology is a set of
interdependent parts that have particular relations within a system. Whether
one is studying migration patterns in Liberia or the use of cleaning products in
California homes, an ecological framework can be useful to examine relations
among components of people’s experience. In anthropology, cultural ecology is
the study of the symbiotic relation between people and their social environ-
ment (Netting, 1986). Researchers using a cultural ecology approach collect
detailed descriptions of people’s behavior in their daily environments (Harris,
1979).

More recently, Nardi and O’Day (1999) used the term information ecology to
describe an interrelated system of people, practices, values, and technologies
within a local environment. An information ecology is used to situate new
technologies ethically and responsibly, and to understand technology as a cat-
alyst for change. Bell (2002) used the term ecology even more broadly, to in-
clude all the aspects of a specific experience in context. According to Bell
(2001), cultural ecologies and the ethnographic research behind them help to

convey an experience, a sense, a glimpse, or a window into another world … a
way of talking about deep cultural patterns that implicate everything we do.
K nowing these stories, interests, and patterns makes it possible to design and
develop products and services that fit (intuitively) into people’s lives. (p. 2)

Bell’s (2001) approach seems most relevant for new product design because
it offers a mechanism for examining multifaceted aspects of products.

We offer our ecological framework as a way to make sense of the experi-
ence of aging. It helps us to sift through the complex interactions between peo-
ple, products, and activities, and the experiences that result. These
interactions take place in a local environment bounded roughly by the home
and the elder community. We have found it useful to consider these intercon-
nected components of experience as an ecology of aging.

The components of the ecology of aging include people, products, the built
environment, and the community. The components themselves can be sys-
tems or networks. For example, the elder’s community is also a social network.
Components may or may not reflect the roles and functionality they have in
the rest of the society. The nurse’s approach to providing care is drastically dif-
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ferent from that of the superintendent in an apartment building, but both may
be called on to assist with a caregiving task.

The components of the ecology of aging are part of a system and are inter-
connected in the following ways: First, they are adaptive. If one part of the el-
der’s life breaks down (e.g., an elder is no longer able to drive safely), another
part must change (the elder will rely on family and make less frequent trips, or
hire a community taxi service created specially for seniors). Second, the flow
of information among components can be complex and can have unexpected
consequences. An elder may rely on his or her primary care physician for in-
formation ranging from blood pressure to how to deal with depression. The
physician, in turn, may rely on the elder’s family for reports on the elder’s gen-
eral physical and mental well-being. The elder, in turn, may feel the family is
interfering, and tell the family less. Third, the components are dynamic and
evolving. An elder who has broken a hip will have a myriad of opportunities
for assistance in the first few critical weeks, including family, institutional care,
home health care, and private and government services. Choosing any one of
these can cause the particular experience of an independent elder to change
greatly. Finally, the ecology has the potential to break down. Continuing with
the aforementioned example, if an elder’s family imposes a move to a care in-
stitution, the outcome may be more detrimental than beneficial to the elder,
resulting in reduced quality of life and well-being.

Our focus in this study was specifically on the role of products within the
ecology of aging. Products play a role in a balanced ecology. They help
well elders in a variety of activities and experiences, and support independ-
ence and well-being. For example, Mrs. G. disseminated information about
social events at her community center, and made sure newcomers felt wel-
come by telling jokes and giving small gifts. Mrs. C. befriended her clean-
ing lady, preparing a home-cooked meal to share on housecleaning days.
Figure 1a depicts an elder within a healthy ecology of family and social
connections interacting with products and undertaking activities, connected
and vital within a local environment.

The ecology of an elder experiencing decline can be described as one of im-
balance. Changes in physical and cognitive abilities contribute to fundamental
changes in product interactions. In turn, the elder is less able to undertake ac-
tivities, and may relinquish independence and rely on assistance. For exam-
ple, Mrs. R. was clearly struggling to manage her household, and was hurt and
upset that her son had begun to “help” by removing items such as her prized
Victorola. Mrs. L. relied on a local meal delivery service, but did not like the
way the food was prepared and had begun to lose substantial weight.

Figure 1b depicts the ecology of a declining elder who can no longer use all the
products she formerly relied on. As a result, a gap is created between the elder
and her environment, and a contraction of physical and social lifespace occurs.
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Figure 1. (a) A balanced elder ecology. Elders interact independently with products
and people in their network of social connections. (b) An imbalanced elder ecology.
Shifts in the ecology may be caused by the inability to independently and successfully
use products, resulting in a gap between elder and environment. Elders need to rely
on others for assistance and begin to contract services for household help. (c) An elder
ecology sustained by future robotic products. Robotic products support multifaceted
product interactions and activities. The elder has the same sphere of influence and
q uality of life as others in the ecology.

(a)

(c)

(b)
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Unfortunately, restoring balance to the ecology is often not an easy proposi-
tion. For example, an elder could experience rapid decline as the result of ill-
ness or an accident. A physician might believe that a safe solution is to place
the elder in an assisted living facility. However, the elder might not want to
move there, the family might not have the financial means to do so, or no space
may be available in an appropriate facility. Alternative measures are often put
in place—and a more suitable solution may never be realized.

We propose that assistive robotic products can address the inevitable
change and instability of the elder ecology, and provide balance while allow-
ing the elder to retain independence and dignity. Figure 1c shows how future
robotic products might reinstate the balance within the ecology by mediating
among components that are not realizing the elders’ values and goals.

2. METHOD

Ethnographic design research methods have been adapted from anthropol-
ogy (Geertz, 1973), other social sciences (Csikszentmihalyi & Rochberg-Hal-
ton, 1981), and engineering (Button, 2000) to provide insights on how people
form relations with products. Many of these studies have focused on how peo-
ple create meaningful emotional relationships with products. Some have pro-
vided accounts of perceptions, attitudes, and beliefs about how products shape
day-to-day activities. More focus on how people make sense of the formal and
functional attributes of products is needed.

Design ethnographies focused on user–product interactions can contribute
to the engineering and design of new products, artifacts, and services. Similar
studies have provided ideas on how to bring technology to a traditionally tech-
nology-resistant user community (Salvador, Bell, & Anderson, 1999). These is-
sues are particularly relevant when dealing with new products, including
robotic products.

In this study, we examined elders’ activities and interactions with products,
an area comparatively uncharted in the literature. We conducted qualitative
semistructured interviews and observations with 17 elders living in 15 private
residences in the Pittsburgh and Chicago metropolitan areas. We investigated
typical daily experiences for these participants, and focused on how products
support or hinder activities for this population. To give more context to our
findings, we talked with five experienced visiting nurses and social workers in
a home healthcare program sponsored by a Pittsburgh hospital.

We identified two types of individuals: well elders who were mobile,
cognitively intact, and able to maintain their households with relatively little
help; and declining elders, who were experiencing either reduced mobility, cog-
nitive impairment, or problems performing household maintenance tasks
(Figure 2). Well elders ranged in age from 68 to 79. All 5 participants were
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women. In general, well elders spoke infrequently about the cognitive, physi-
cal, and emotional shortcomings associated with aging. Declining elders were
older, ranging in age from 80 to 90. Nine declining elders were women, and 3
were men; one of the interviews was conducted with a man and wife, and one
was conducted with a brother and sister. Declining elders spoke frequently
about how aspects of aging changed their day-to-day activities, and how prod-
ucts they used to rely on were no longer usable or accessible.

2.1. Data Sources

We recruited participants by posting signs in surrounding neighborhoods
and through networks of neighborhood volunteers. One of our first partici-
pants recommended additional participants in more advanced stages of de-
cline. Because members of our research team have lived in the cities in which
we conducted this study, we had several opportunities to see our participants
beyond the context of the interview, observing them anecdotally in other
places.

We conducted an in-depth interview with each of the 17 elders to gain
an understanding of their experience of aging. We focused on elders’ indi-
vidual and collaborative routines, changes in activities and product use, and
attitudes and perceptions that emerge as aging takes place. All of the inter-
views took place in elders’ homes. They were accompanied by home tours
where elders described their homes; showed us their favorite products,
most useful products; and products that caused problems or were seen as
needing improvement. We also observed key household events for periods
of about 1 hr—primarily meal creation, meal consumption, and grocery
and item storage. Occasionally, the participant was prompted to speak
about what he or she was doing. Sessions were videotaped and photo-
graphed. We collected data over a 4-month period, and we generated field
notes after each interview.
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Live in
Family Home

Live in a
Condominium

Live in an
Elder-Specific
Community

Live with
Adult Children

Well elders n= 2 n= 2 n= 1 —

Declining elders n= 4 n= 2 n= 5 n= 1

Figure 2. Distribution of participants.
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2.2. Analysis

Analysis of the data focused on creating participant profiles and reviewing
and summarizing relations among participants, products, and the activities
that specific products enabled or prevented. Products were coded using the In-
dustrial Design Society of America (IDSA; 2002) standards for product cate-
gories. Activities were coded using the National Aging Information Center’s
(NAIC’s) Activities of Daily Living and Independent Activities of Daily Living
(NAIC, 1989), and the Extended Activities of Daily Living characterized by
other research in the area of elder support (Mynatt et al., 2000; Figure 3).

3. FINDINGS

Our analysis of interviews with elders revealed the interconnected nature
of their aging experience. Our ecological viewpoint proved to be useful in un-
derstanding a network of elders; the people they interact with; and their prod-
ucts, activities, and experiences all held in balance.

3.1. People

Our participants represent middle and upper middle class elders in Amer-
ica. They benefited from familial and financial support and had a variety of op-
portunities for social support and interaction through local senior centers and
community groups. Our female participants also greatly outnumbered our
male participants. Recent U.S. Census (2000) data revealed that women over
age 65 compose 3% of the U.S. population, whereas men over age 65 account
for only 2.6%. Most of the elders and all of the caregivers we spoke to were
women. This may motivate somewhat of a rethinking of what values we need
to support with appropriate products and services for this group.

Within our participant pool, we noted differences in perceived status, or
how elders in a particular community defined their position relative to others.
Elders who had status-affirming experiences such as college educations;
travel; and lucrative, fulfilling careers told many stories about their lives when
they were younger. They also spoke of current social events, volunteer work,
and proudly providing familial assistance to aging parents in the past and adult
children in the present. Their current activities were carefully chosen to pro-
ject values that were important at the peak of their adult life.

This behavior is often heightened when an elder moves to a new commu-
nity and is afforded the opportunity to create new social relationships. For ex-
ample, Mrs. C. is a 69-year-old woman who had divorced and moved 10 years
ago to a modern loft-type condominium not specifically for elders. Most of her
previous adult life was spent living in large traditional country homes, some
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with more than 20 rooms. Describing this phase of her life, when she was
working at a university and married to a successful businessman, she was
proud of the quality of life she had and the ability to provide for others. She
stated:

It was like I ran a boarding house in town for those years. My children
had visitors, our family frequently visited, and we had a steady stream
of businessmen and visitors from the university. How did I find time to
work?

Her move into a condominium environment was both a reduction in space
as well as a lifestyle change. However, it was important for her to continue to
reference the status and activities from her former life. Describing her home,
she continued:

It doesn’t compare to any of my big old houses. But when my last child
went off to college I thought, “What am I doing?” … and I thought …
I’m just going to go someplace clean and modern. But all of my houses
have been very old. So this is different for me. Most people have steel
and leather furniture, and I just don’t because it is not what I owned.
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Products Activities

P1 Assistive products
(hearing aids, walkers)

A1 Activities of daily living (bathing, dressing, eating,
ambulation)

P2 Appliances and
housewares
(coffeemaker, etc.)

A2 Instrumental activities of daily living (meal
preparation, household management, medicine
management)

P3 Diagnostic equipment
(blood sugar monitor)

A3 Extended activities of daily living (entertainment
activities, social work, volunteer work)

P4 Entertainment products
(stereo, television)

A4 Communication activities

P5 Medical equipment
(medicine management)

P6 Personal products and
meaningful items

P7 Services (cleaning,
medicine management)

P8 Technical products
(computers, cell phones)

P9 Transportation products
(shuttle service,
automobiles)

Figure 3. Product and activity codes used in ethnographic analysis.
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Referencing her furniture and possessions, she alluded to her favored coun-
try overstuffed chairs and the fact that her condominium is twice as large as oth-
ers, affording her space and a place for her adult son (R), who only occasionally
spent thenight: “…andRthinksof it ashome,hisbedroomandbathroom.”

Mrs. C. also had a baby grand piano, a product that dominated over one
half of her loft-style living room, although she could no longer play it due to
chronic back problems. Through her discussion of the piano, we understood it
to signify her previous lifestyle, although it was no longer usable.

Elders with fewer status-affirming experiences were often less interested in
using status to define who they were in current communities. They sometimes
avoided community events and social outings. Others framed recollections of
family assistance as tasks they were expected to take on, infringing on personal
rights and freedom. For example, Mrs. G. is a 79-year-old woman who is rela-
tively healthy and socially engaged. During her interview, she described her
younger years:

I didn’t get an education, just high school. None of the girls in our fam-
ily could get an education. We were all offered scholarships; we were
all honors students and I couldn’t get an education. My mother had
three of us who were 18 months apart. The boys all got college educa-
tions. We went to work in the depression and supported them. I started
to work at 14 and I got a good job during the war. I got a fantastic job
with the government.

Signs of status were reinforced by how elders appeared during their inter-
views. Those of higher status showed and described clothing and jewelry col-
lections, indicating that it was enjoyable to dress formally every day, wear
makeup and jewelry, and have neatly coiffed hair. Interviews were generally
conducted in the kitchen, and homemade food was offered. Those of lower
status did not show clothing or the contents of closets during interviews. They
wore loungewear or sweatsuits, occasionally had rumpled hair, and usually
were not wearing jewelry.

We also found interesting patterns in our participants’ patterns of product
use that were indicative of activities and social interactions. For example, Mrs.
A. had recently moved from upstate New York to live with her adult son in
Pittsburgh. She purchased a cell phone to maintain ties with friends in her old
neighborhood, but also to maintain her independence and identity within her
son’s home. Mrs. D. was mostly homebound and making do with her home
appliances from nearly 50 years ago, but she had a new television and stereo.
These had been selected and purchased for her by her children, in an attempt
to improve her entertainment activities. Mrs. P. had a newly remodeled
kitchen in her otherwise historic home. At first glance, it appeared to be mod-
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ern and aesthetically pleasing, but we found that the location of the oven, dish-
washer, and refrigerator had been carefully planned for someone who had
trouble bending and reaching. Mrs. P.’s close friend, a young architect, had
helped her with the plan so that she could easily continue entertaining and so-
cializing—activities she valued. These examples indicate that buying and us-
ing new products can be indicative of elders’ values and the current state of
their well-being in general.

These examples describe the elders we spent time with. They depict an ag-
ing culture that is particular to urban residential neighborhoods. Many of our
participants lived in close proximity in apartment and condominium com-
plexes that if not created specifically for elders, housed mainly senior citizens.
Many of them knew each other because their children attended school to-
gether, or they were neighbors in former neighborhoods. We had the opportu-
nity not only to observe them but to begin to understand the
interconnectedness of their relationships in the elder community.

3.2. Products

How elders interact with products—whether they take the form of artifacts,
services, or environments—plays a key role in defining the experience of ag-
ing. As elders begin to decline, why they want products, how they use prod-
ucts, and what they value about products changes. Elders are unique in their
relationships with products for several reasons. First, elders generally have
fewer reasons to make relations with new products as they age. Reduction in
income, contraction in physical space, and reduction of social interaction limit
opportunities to define relations with new products. Reduced or limited mo-
bility also creates fewer opportunities for elders to interact with new products.
Second, elders may adopt or ignore products based on how they reinforce per-
sonal identity and values, particularly during the transition to smaller homes
and new communities. For example, housewares, art objects, furniture,
clothes, and jewelry provide a clear message to the community about who an
elder is and even the status enjoyed in adult life. Third, sometimes products
designed specifically for elders (particularly assistive products) are stigmatiz-
ing and demeaning. These products are often not used at all or are modified to
serve marginal uses. Product breakdowns like these create a gap between el-
der and environment, sometimes resulting in danger, isolation, and eventually
institutionalization.

W hy Do Elders W ant Products?

We found that elders generally want products that match their aesthetic de-
sires; that they use products that support their functional needs and abandon

38 FORLIZZI, DISALVO, GEMPERLE

whether they take the form of artifacts,whether they take the form of artifacts,
plays a key role in defining the experience of ag-plays a key role in defining the experience of ag-

ing. As elders begin to decline, why they want products, how they use prod-ing. As elders begin to decline, why they want products, how they use prod-
ucts, and what they value about products changes. Elders are unique in theiructs, and what they value about products changes. Elders are unique in their
relationships with products for several reasons. First, elders generally haverelationships with products for several reasons. First, elders generally have
fewer reasons to make relations with new products as they age. Reduction infewer reasons to make relations with new products as they age. Reduction in
income, contraction in physical space, and reduction of social interaction limitincome, contraction in physical space, and reduction of social interaction limit
opportunities to define relations with new products. Reduced or limited moopportunities to define relations with new products. Reduced or limited mo
bility also creates fewer opportunities for elders to interact with new products.bility also creates fewer opportunities for elders to interact with new products.



products that do not; and that the most important products are the ones that
support elders’ values of personal identity, dignity, and independence. After
over a half century of interacting with products, many participants had
adopted discriminating tastes. In our interviews, elders spoke at length about
aesthetic qualities and personal meaning of cherished products. Products are
traditionally used to define one’s identity (possibly, in defeat of ageism), or to
re-establish or maintain one’s identity after relocating to a new home. For ex-
ample, Mrs. A. is an 82-year-old artist who recently moved from her home in
another state to live with one of her grown sons. The move forced Mrs. A. to
reduce her possessions to those that were most important to her (her paintings
and painting supplies) to fit in a home filled with her son’s family’s possessions.
When comparing her current home to her previous home, Mrs. A. stated:

The transition here has been very hard. Breezy was my home. Here, I
live here. I used to cook a great deal. I did my own laundry. Now, ev-
erything is different. It’s hard. Although my days are active, I stopped
driving when I came here. That takes your everything, your inde-
pendence away. It’s, well, as I say, hard.

Mrs. A.’s home tour focused on her artwork in every room, rather than any
of the family photos or possessions on display. In our time spent in the dining
room, where the family ate together every night, she talked only about her art-
work:

That’s one of mine. I would say that is something I did down at the
beach. This is a view I would get from my house. I call it “Across the
Bay.” Why do you think I do short, wide paintings (laughs)? There’s
“Coney Island.” There are a couple more paintings down here.

When she arrived at a shelf full of family photos and art objects, she chose
only to describe a plaque that represented an art award that she had won.
Through the objects that she chose to discuss during the interview, we felt that
Mrs. A. was asserting her identity within her son’s home.

Mrs. T. is 81-year-old woman who has lived in an elder high rise for 7 years.
In the last 2 years, she had begun to decline rapidly, causing her son to become
more concerned and to increase the amount of support and interaction he pro-
vided. During her interview, Mrs. T. spoke at length about an air conditioning
unit purchased by her son:

My son came in from Arizona, and he said “Mother, how could you
live in here? It’s so hot!” and he went to Home Depot and he bought it
and he put in himself. I don’t like the looks of the window, you know,
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[referencing the connection to the window done in a crude manner
with a large plastic hose] but … it is pretty [referencing the unit]. He
paid over six hundred dollars for it … and then he needed another
part, so he went out, back to Home Depot and bought another part.
And you take it out in the wintertime. The janitor and the mainte-
nance man will take it out in the wintertime when it gets cold. I’ll have
them put it back in and maybe they will do it right. But my son was in a
hurry and he wanted to make sure that he got it for me.

Rather than describing its function, Mrs. T. chose to discuss the fine quality
of the air conditioner, even describing it as pretty. We interpreted this ex-
change as being indicative of her pleasure in having her son contribute to a
comfortable living environment.

How Do Elders Use Products?

Elders use products because the functional aspects of products meet their
current needs. Products are instrumental in completing a variety of daily activ-
ities. This reason differs from that of the young population, who often uses
products because of stylistic considerations regardless of functionality. The el-
ders in our interviews told many stories of how household appliances; trans-
portation products; and communication products such as telephones, cell
phones, and computers enabled them to help themselves, provide for family
members and friends, and stay in touch with people in their social network.

Mrs. N. is an 80-year-old woman actively engaged in her community. She
expressed pride in being able to help an acquaintance (P) in need, despite her
own recent recovery from a bout of pneumonia:

Even though I am on hiatus [from many of her usual activities, due to
pneumonia], once a week, I take P shopping. She is a person in the
building. That’s my helping work. Every Friday we go have our hair
done, then we have lunch, then we do the shopping.

Whereas well elders mentioned product successes more frequently than
product failures, declining elders talked at length about how the functional as-
pects of products and environments no longer served them. Eight of the 12 de-
clining elders that we interviewed discussed how they could no longer easily
make use of bathroom tubs, toilets, and fixtures; kitchen appliances, tables,
and counters; telephones; clock radios; grocery carts; automobiles; and public
transportation to support their basic needs.

Mrs. L. is a 79-year-old woman who suffers from depression, insomnia,
neural degeneration, gastric reflux, and balance problems. She lived in a
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high-rise condominium for elders, but the design of her bathroom made it so
inaccessible that she had great difficulty using it (Figure 4a). This was espe-
cially evident as she described the bathtub, shower, and hot and cold water
faucets relative to the shortcomings of her own body. In describing the process
of taking a shower, Mrs. L. commented:

This apartment was made for old people, and they knew it when they
made it. Yet why would they put that up so high? [referencing the
height of the shower rod] I can just barely hang anything over there …
it really is much too high. And another thing, I’m not so smart my
dear, this faucet, I mean, you have to be a rocket scientist to use this
faucet! I think it’s very hard to use. Until I get it running right, I am
ready to give up on it.

Unfortunately, environmental shortcomings such as the ones Mrs. L. de-
scribed in the bathroom are enough to force elders to reduce their standards of
personal hygiene.

Six of our participants showed and described modifications they had made
to communications products and housewares, to increase accessibility. Our
male participants described the process of modifying a product as an exciting
challenge, whereas our female participants described it in terms of pure need.
Modification results in a personalized product that is satisfying to use, as a con-
versation with Mr. G. about his personalized desk illustrates (Figure 4b):

Yes, yes, I fixed that thing [the desk] up for myself. I did that for myself.
It holds my envelopes, papers, pencils … everything is in there. I work
on it periodically. If I see a box that looks better, I might take one
down and put a new one up there instead.

As elders’ bodies continue to decline, problems with products continue to
be magnified; are less likely to be corrected; and ultimately result in messy, un-
safe environments with more than one product to serve the same function. For
example, Mrs. V. is an 81-year-old woman struggling with basic activities of
daily living. During her interview, we noticed two radios on her bedside table,
and we asked why (Figure 5a):

You know what, [pointing to digital clock] I never used that as an
alarm. I don’t know how to set it. I use this one [pointing to analog
clock]—but it is not any good … I have to get a new one. I use this one
[pointing to digital clock] to look at the time.
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Figure 5. (a) A clock radio no longer serves someone with vision and muscular limitations,
resulting in use of more than one product. (b) Bending and stretching to reach storage ar-
eas becomes difficult, resulting in using the counter for storage and disarray in the kitchen.

Figure 4 . (a) Mrs. L.’s water control in her shower was hard to understand and use and re-
sulted in her bathing less frequently. (b) Mr. G. took great satisfaction in modifying his
desk.

(a) (b)

(a) (b)
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The shortcomings of kitchen environments can make normal meal prepa-
ration difficult and even dangerous for elders. Mrs. G. kept busy baking a
quiche and preparing fruit salad while we interviewed her. At one point, she
needed to retrieve a container from a cupboard over the stove that was out of
her reach. To do so, she took a broom and repeatedly jabbed it into the open
cabinet until the item that she wanted fell out and on the floor. During this pro-
cess, several other items fell out of the cabinet and landed on the stove, pre-
senting a fire hazard. Mrs. G. also had trouble reaching items in the
refrigerator, which was filled with containers of food in precarious locations
and in various stages of deterioration.

Mrs. R. is a 90-year-old woman who is losing control over maintaining her
home of 43 years. Her kitchen was also in a dangerous state of disarray (Figure
5b), which she repeatedly blamed on her laziness:

My kitchen isn’t fit to be seen … . [Mrs. R. starts cleaning passively,
and interviewer tells her it is unnecessary] Well, I’ll get around to it.
It’s not bad looking when you take all the stuff away. I’m just too lazy
to do stuff … It’s not bad when you can see all these plates, if I take
time to clean. But I’m just maybe lazy or … (she trails off). [Inter-
viewer asks if Mrs. R. uses the cupboards at all for storage anymore]
Oh yeah, I’ve got my dishes. [Opens cupboard to reveal dishes and
glassware wrapped in newsprint and plastic bags] And I use all this
stuff in here. Well, if you look in here it’s a mess. My son is after me, he
says, “Do you want all that stuff on the floor? Put it in the basement or
lift it up.”

If elders can understand how assistive products can help them remain inde-
pendent, they are likely to consider and accept using products such as hearing
aids, dentures, canes, walkers, and wheelchairs. Without this understanding,
there is resistance in acquiring and using assistive devices. We heard miscon-
ceptions about what assistive products are appropriate, and how they might be
acquired. Out of the 12 declining elders that we interviewed, almost three
fourths were not able to recognize the need for assistive products, and nearly
one half had severe misconceptions about their purchase and use.

For example, through a conversation with Mrs. G., we interpreted that she
was in denial about her failing health and ambulatory abilities. Although her
doctor recommended surgery, she chose to avoid it for as long as possible:

I said, “Well I’m not doing it!” [referencing her doctor’s request that
she have knee surgery]. I’m going to fight it—I’m going to work it out.
I do it myself, I found out that if I use the topical medications … I can
do it with exercising. I’m doing fine. Anyway, the doctor said I have to
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have it done [the surgery] so I said that I’m up in years now, would it
make any difference when I have it done? I’m going to be eighty, so
therefore is it bad? He says it doesn’t make any difference. Now I’m re-
ally actually not going to have it done unless I have to. I’m going to
wait until I can’t walk, if I can pull it off, and I don’t know if I can pull it
off. That’s the unknown.

Mrs. V. had accepted her decline, but seemed wary of assistive devices and
unwilling to think about making changes to her home. An 80-year-old declin-
ing elder, she had suffered cancer and serious infections related to surgery a
few years ago and had used a walker during her long convalescence. When
asked about using her walker, she commented:

Well, I must have used it that whole month. I couldn’t walk [while re-
covering at home from cancer], and I did not want a wheelchair. The
reason I did not want a wheelchair—I would become an invalid! It’s
so easy to become an invalid. See you don’t realize it when you are
young … .

This exchange suggests that although Mrs. V. was aware of her current
need for assistance, she feared that by responding to it she would only decline
more quickly. During her interview, we observed Mrs. V. having trouble with
many of the products and environments within her home. She had ceased us-
ing many products altogether. Although simple modifications could have
been made to drastically improve her quality of life (e.g., by asking her chil-
dren or a cleaning service to help remove clutter and unused products), she
seemed to be unaware of the benefits. When asked what changes she expected
to make in her home in the next 5 years, she responded that if her husband
would let her, she would like to build a patio off of the kitchen. Her inability to
perceive the need for change not only presented an immediate physical haz-
ard but also increased the likelihood that Mrs. V. would need to leave home
for a professional care community.

Elders who accept physical and cognitive decline seem to be more willing
to explore the use of appropriate assistive products. However, they often lack
appropriate information to make decisions about what products will be the
right ones. Mr. and Mrs. H. were aware of the shortcomings of old age and had
begun to modify their living space by having custom cabinets built; placing an
amplifier on the phone; and using specialized tools, such as electric can open-
ers, in the kitchen. However, they told an interesting story about grab bars in-
stalled by the previous resident of their apartment:
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When we moved into this place, these rails, well she [Mrs. H.] said,
“they have got to go.” It wasn’t too long before we realized they are re-
ally useful, particularly for getting up from the john and the tub. [Inter-
viewer asks why they wanted to remove the grab bars] Well, we didn’t
think we needed them. We were a young couple ten years ago! We
were only in our 70s. Who needed them? The old lady who used to
live here, her doctor son had them installed. It wasn’t very long before
we realized, it was a blessing to have them. Well [Mrs. H.] is pretty
husky, and it is difficult, and she has trouble breathing. She has to use
all her energy for breathing.

Despite the fact that Mr. and Mrs. H. had made many modifications to their
home, it was only through direct experience of the grab bars that they realized
their utility.

As elders continue to decline, they must begin to rely on family, friends,
neighbors, or acquaintances to perform basic household tasks. Direct experi-
ences with assistive products, such as the one described earlier, may be useful
in illustrating the utility of assistive products and services. Fear and trepidation
often accompany making the choice to try a new product or service, partly be-
cause of the fear of the unknown and partly because accepting these products
and services is often seen as stigmatizing or as a sign of admitting defeat.

We have seen that elders choose products that please them aesthetically,
products that will support them functionally, and products that are indicative
of personal identity. In the next section, we explain how products support val-
ues important to those we interviewed.

How Do Products Support Values for the Elder Population?

Our explorations of elder experiences revealed that independence and dig-
nity were unanimously important to this population (see Dorfman, 1994).
These values have behavioral and emotional aspects. Behavioral values are
acted out in interactions with products and self-held standards for conduct and
appearance—for example, being nicely dressed when interviewers arrived
and offering home-cooked food as if we were guests. Emotional values are sur-
rounded by intense feelings, and are often acted out in defensive arguments
about particular behavior. Independence and dignity were evident in elders’
stories about both products and activities. For example, Mrs. L. insisted on
driving to do errands, although it was unsafe, rather than relying on her daugh-
ter, with whom she had a distant relationship. We interpreted this behavior as
her way of asserting her independence from her daughter.

Independence, the state of being competent and self-supporting, is a common
value for many adults, regardless of age or lifestage. For example, consider the
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independence cherished by a 16-year-old girl who has just learned how to
drive and is experiencing the first of many interactions with a vehicle. For el-
ders, a shifting of capabilities causes a particular reprioritization of products
and activities that help them assert their independence. For example, many of
our participants used cell phones to maintain social connections even as they
had to rely on others to drive them to social functions. Independence was
manifested behaviorally through product choices like these, and in actions like
choosing to drive or to stay in a large home. Independence was manifested
emotionally in the stories we elicited about how elders envisioned their future
lives. A common response often began with, “My children have offered to
help, but my hope is not to burden them.”

Dignity, the state of being worthy of respect, is a particularly important
value for elders. In our interviews, dignity was behaviorally manifested in an
elder’s desire to maintain a particular personal standard within the home or
the community. For example, 9 of our participants had hired cleaning services
to assist with household management. At least 3 of these elders had forged
close friendships with the women who cleaned their homes. We interpreted
these friendships as being indicative of managing the admission that help is
needed at home with dignity.

Mrs. K. had a Hemlock Society publication hidden among her pile of maga-
zines. Explicitly removing it from the stack and revealing it to us, she ex-
plained:

I belong to this [the Hemlock Society]. Instead of being left to die in ag-
ony, I would rather go when I am still … able. I did not tell my family.
My son would have a fit if he knew.

Rather than relying on her family to decide what to do when she experi-
enced significant decline, Mrs. K. instead preferred freedom in making
choices about the end of her life. We interpreted this as her way of asserting
both her independence and her dignity over making final choices.

The exploration of these values and how they are manifested through inter-
actions with products reveals how our participants prioritized products and ac-
tivities that supported independence and dignity. Personal standards for
products changed when the elder ecology shifted.

3.3. Environments

Environmental reduction is a critical component of the experience of aging
and plays a role in the elder ecology. The environmental press theory has shown
that reduction in environmental and social opportunities plays a significant
role in the aging experience (Lawton, 1982). The home becomes especially
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important as time spent in travel, work settings, and other spaces declines. As
elders move to smaller homes, they seek desirable surroundings in new and
smaller spaces (Ward, La Gory, & Sherman, 1988). We observed three types
of home environments. The first type was a participant’s original home, inhab-
ited for more than 15 or 20 years and occupied when the participant was youn-
ger and not subject to the shortcomings of old age. These were often expansive
homes, filled with a collection of products and artifacts, showing few signs of
change or modification. Often, several rooms within these homes were no lon-
ger used, or were used for the storage of random items. The second type was a
small home, condominium, or apartment not specifically in an elder high rise.
These spaces often showed signs of contraction and were inhabited as the re-
sult of a significant life event, such as divorce or the death of a spouse or child.
The third type was an apartment or condominium in an elder community.
These spaces were generally designed to support physical decline. Many of
them had been further modified by our participants. Elder communities often
had public laundry facilities and service staff, such as superintendents, to help
residents. They also had community spaces where formal and informal social
gatherings took place.

Many of the environments we saw in our interviews (even those designed
and constructed specifically with elders in mind) did not fully accommodate
participants’ needs. Bathrooms and kitchens had particular shortcomings that
impeded activities of daily living. Water controls are notoriously poorly de-
signed (Norman, 1990). The problem was exacerbated for our population, as
witnessed inour interviewwithMrs.L.Hersolutionwas to take fewershowers.

Kitchen environments often fail ergonomically. As elders decline, they may
have limited physical mobility, which makes reaching kitchen surfaces, storage
areas, and products situated within the kitchen quite difficult. In several kitch-
ens (such as Mrs. R.’s discussed earlier), we found collections of foods, appli-
ances, and other kitchen products in disarray on the kitchen counters.

In general, storage was a problem for most of our participants. Many could
not see, let alone reach, upper and lower shelves of kitchen cabinets and stor-
age closets. Only 3 participants had been proactive in reconciling this prob-
lem. One couple had custom cabinets built, and another participant had her
cupboards rehung 8 in. lower so she could reach the shelves. Mrs. L.’s son built
new shelves in her hall closet, creating an accessible space that she could use
for customizable storage of toiletries and medications.

Usability and accessibility of the kitchen can make the act of preparing and
eating food unsafe, tedious, and no longer enjoyable. We witnessed Mrs. L.
making lunch in her kitchen. Her degenerative muscle disease made it very
difficult for her to stand at the counter and use a paring knife to make a sand-
wich. Mrs. L. also had trouble getting in and out of a chair, so she had to con-
tinue to stand uncomfortably at the counter to eat lunch.
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We used participants’ comments about environmental shortcomings in
bathrooms and kitchens to prompt a discussion of their perceived need for
changes to home environments in the next 5 years. Not surprisingly, our par-
ticipants were hesitant to describe changes in the foreseeable future. The ma-
jority of those we interviewed were clearly in the process of understanding and
accepting various stages of decline. Most reported little need to make changes
and instead described changes to the home in terms of aesthetic remodeling.

3.4. Activities and Experiences

We found that elders’ interactions with products facilitated activities, medi-
ated social interactions, and evoked experiences that contributed to their
sense of self. Properly designed products and assistive products played a key
role in helping elders undertake activities. Activities that promoted social in-
teraction were extremely important for this group. They played a critical role
in helping elders to remain healthy, happy, and independent. Our participants
cited a large range of activities that helped them stay engaged socially. The in-
ability to participate in these activities resulted in contraction of their social
space.

Our participants undertook a variety of activities, including family outings,
visits to friends’ homes, meals, volunteer activities, and religious and commu-
nity events. Many activities mentioned were not explicitly described as social,
but were implicitly social in nature. These included lifelong learning classes,
exercise classes, doctor visits, and assistance to neighbors in the community.

We believe that particular living arrangements supported frequent social
interactions with both family members and the community. Mrs. G. said she
“maintained” two households—one with her estranged husband and another
with her daughter and granddaughter. Mrs. G. spent most of her time at her
daughter’s house, providing “assistance” in buying food and preparing meals.
We observed her working in her kitchen during our visit. The kitchen cup-
boards and the refrigerator were in a state of general disarray. Several times
while cooking, Mrs. G. neglected to clean the utensils before placing them
back in the drawers. These observations suggest that the relationship was
more a social than a practical necessity for Mrs. G.’s daughter and grand-
daughter. Mrs. G. may have been acting beyond her capabilities and possibly
straining the very relationship she believed to be helping.

Volunteering and helping others are activities that strongly define an el-
der’s sense of self-identity. For example, Mrs. C. participated in four different
volunteer activities. She was a founding member of a cooperatively managed
used bookstore, a church trustee, a trustee at a credit foundation, and a board
member for a local school organization. In addition to participating in these
activities, she helped others to participate by driving to and from events.
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We saw that decline, mediated by breakdowns in product use, drastically
reduced elders’ activities. At that point, many activities not ostensibly in-
tended for social interaction in middle age became valued points of engage-
ment in old age. These included activities such as doing laundry in a
communal facility, receiving a visit from a home nurse, or participating in ex-
ercise and physical therapy classes. Nine of the 17 elders that we interviewed
participated in at least one such activity every week, if not every day. These ac-
tivities were described in social rather than functional terms. They often pro-
vided an opportunity to leave the house, meet peers, and make light of aches
and pains. Many physical therapy and exercise classes took place at senior
community centers rather than hospitals, further emphasizing their social na-
ture. Often, exercise made our participants feel young and desirable. Mr. H.,
who exercised nine times a week, proudly professed, “I’m a jock, and I get to
spend lots of time with widows!”

Gradual, yet substantial, decline in abilities can have especially damaging
effects on social interaction, because elders can simply give up. Figure 6 com-
pares the number of times activities of daily living, instrumental activities of
daily living, extended activities of daily living, and communication activities
were mentioned during interviews. Declining elders mentioned basic and in-
strumental daily activities more frequently, consistently describing disap-
pointment in no longer being able to successfully undertake a given activity.

Mrs. L. was a poignant example of this disappointment. Her physical de-
cline was recent, but rapid and extensive. At the beginning of the interview,
Mrs. L. commented:

Everything has changed. I mean, my life is completely different [since
the onset of multiple conditions]. But I still try to go and do. My neigh-
bor has asked me to go to lunch. I see her, and she says, “When are we
going?” I hate to have to tell her that it is just too hard.

Mrs. L.’s situation is interesting to interpret. Over the course of the inter-
view we began to understand how difficult social interaction had become for
her. She occasionally drove to the grocery store and the beauty salon, went on
outings with her family, and maintained relationships with a few women in her
building. However, she spent most of her day watching TV, despite the fact
that her friends made repeated efforts to engage her socially. Near the end of
the interview, she commented that socializing was becoming too much of an
effort. We felt this indicated that Mrs. L. still desired social interaction but that
the shifts in her ecology were making social engagements harder and harder
for her to undertake. These kinds of situations can lead to isolation or even
danger. Mrs. L. could eventually give up attempting social engagements, al-
though they may be quite feasible with proper assistance.
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Although assistive products are often described as facilitating the activities
of daily living by making those activities accessible to people with physical or
cognitive disabilities (Fernie, 1991), our interviews showed that assistive prod-
ucts could also play a powerful role in helping elders to create socially engag-
ing experiences. Mrs. T., an 82-year-old woman suffering from degenerative
muscular disease, provided a clear example of how an assistive product can
serve social needs. Mrs. T. could barely swallow, walk, or get in and out of a
chair, and she fell several times a day. Despite of all this, she insisted on taking
part in the informal social gathering each afternoon in the courtyard of her
building. In the past year, it was only after acquiring a walker that she could
even attempt this activity. Although she relied on others for almost all aspects
of personal and household management, she enjoyed having the agency to
partake in this social activity. We believed that her walker was valued not in
terms of facilitating her mobility but instead in terms of creating opportunities
for her to socially engage with the world.

3.5. Summary of Findings

Within the framework of the ecology of aging, we found that for elders,
products can meet (or be adapted to) newfound needs, but especially when el-
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ders decline, they can serve as a source of frustration and hardship. For exam-
ple, a walker represents the chance to maintain one’s autonomy, but if it is
heavy, ugly, and cannot be used outside, its acquisition can instead prompt
greater reliance on others or, if getting help is impossible or undesirable, isola-
tion. This example reflects our major finding that many products used in and
around the home can represent values for elders that they do not represent for
those at younger ages and that products can have some unintended conse-
quences for elders as well. For example, the cell phone begins to substitute for
the car as a way to contact others. We believe our results point to consider-
ations for ecologically sensitive design of robotic assistive products.

Our study has several limitations such that further observations are war-
ranted. In particular, our study used a small sample. Also, it was geographi-
cally bounded by two Midwestern cities and physically bounded by our
participants’ homes. Increasing the diversity of participants could improve
our understanding of how to design products for a broad population. For in-
stance, one of our participants, a retired engineer who designed his own sleep
apnea device, will most likely react differently to a robotic product than a fe-
male participant who never learned how to drive. Robotic products may need
to have familiar appliance-type product forms that are generally acceptable to
a variety of users, or robotic technology may be added to familiar and widely
used products and environments. Increasing sample size and diversity will
also increase the diversity of observed environments. Each home has idiosyn-
crasies that differentiate it from other homes as well as from institutionalized
settings (Michelson & Tepperman, 2003). Finally, longitudinal studies of the
transition from homes to institutions could provide more clues about how el-
ders’ lives unfold.

4. ROBOTIC PRODUCTS TO SUPPORT THE ECOLOGY
OF AGING

Robotic technologies have now reached a level of sophistication that makes
deployment in the home feasible. Conceiving of the aging experience as a set
of interrelated independencies within an ecological system is a critical first step
for designing robotic products suitable for elders. Our ecological framework
exposes the many important contingencies that exist in designing products to
provide a good quality of life for elders and those who provide care for them.

Later, we use our data to suggest guidelines for the design of appropriate ro-
botic products for elders in their homes. Our guidelines are necessarily broad
and preliminary. Technology development is rapid. Our description of the ex-
perience of aging is not frozen in time. The experience of aging, and technolo-
gies, will certainly change in the next decade. Although we can describe the
changes and dependencies we witnessed in the ecology of today’s elders, we
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cannot confidently project those needs 5 to 10 years into the future. We be-
lieve, however, that our design guidelines can serve as initial “rules of thumb”
for addressing design goals for robotic product development for elders in the
home.

In the future, robotic product design might become as common as con-
sumer product design. As we learn more about this new area of product devel-
opment, we will generate more specific principles and begin to populate the
landscape with detailed case studies of robotic products that chart the course
for future research and design.

Our research, and that of those in the technical research community
(Kawamura, Pack, Bishay, & Iskarous, 1996; Schraft, Schaeffer, & May, 1998),
has begun to identify specific needs and values future robotic technologies
might support for this population. Some of these include support in managing
the home; maintaining personal and household supply; monitoring and pro-
viding ambulatory support; and most important, providing communication
and social interaction. Our ethnography revealed needs ranging from making
meals to having mail read. Although these are good starting points for generat-
ing product ideas, we also advocate taking a holistic approach and thinking
about how future robotic technology might impact the elder ecology as a
whole. A robotic product has the potential to be a powerful technology—en-
gaging with it will have different, unexpected, and potentially negative results.
The following guidelines begin to chart a course for successfully integrating
new products into the lives of elders.

4.1. Design Guidelines

Robotic Products Must Fit the Ecology as Part of a System

Robotic products designed for an elder ecology must be conceived of as
part of a larger system of existing products and environments that serve elders
and others in the ecology. When designing, first-order effects (such as fit) and
second-order effects (such as social and cultural implications) must be consid-
ered. Familiar product forms with augmented product functionality will fit the
system and maximize early product adoption.

As part of a larger system, future robotic products need to offer diverse in-
teractions to many different groups of people. One of the most formidable
tasks for designers is to conceive of and construct the interactions that will take
place between elders, future robotic products, and others in the elder ecology.
We will not be able to predict how the social situations and surrounding physi-
cal context will respond to, and create unanticipated uses of, future robotic
products within an elder ecology. For example, an elder might use a robotic
product to communicate with her daughter, primary physician, physical ther-
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apist, and even pharmacist. Rather than a product that is used by one person,
such a product offers opportunities for interaction among all members of the
elder ecology. These products should maximize fit by allowing the elder to ex-
perience the same power, control, and agency as others in the elder ecology.

Part of the designer’s task is to understand how these products situate within
the ecology and what kinds of second-order effects will occur. For example, re-
frigerators were designed to keep things cool, but have also informally become
a vertical communication space through the use of refrigerator magnets for
notes, artwork, cartoons, and family communications. Similarly, we observed
a robot designed to deliver medicines in a hospital. The robot was repeatedly
decorated with flowers and stickers by hospital patients as it made its rounds.
In thinking about product function and aesthetics, it will be important to con-
sider what intended and unintended opportunities for communication, shar-
ing, and new experiences future robotic products will offer.

Robotic Products Must Support the Changing Values of Those
Within the Ecology

Robotic products designed for an elder ecology should uphold the impor-
tant values of independence and dignity. They should also allow for different
prioritization of these values. When designing product functionality, allow for
basic needs as well as higher needs to be addressed. Combining appropriate
and accessible functionality along with aesthetic considerations will support
values and sustain product use.

Our description of the experience of aging has shown that change is inevita-
ble for elders—change in their physical and mental abilities, and change in the
local environment in which they live. These changes account for endless shifts
in values, individual prioritizations of values, and endless differences in the el-
ders we interviewed. Robotic products need to support these shifts in values
by responding to different decisions and actions in any given situation.

Interactions with these products should not detract from the elder’s inde-
pendence and dignity. They should allow elders to do as much as possible, by
enabling people, instead of the system, to initiate most of the interactions with
the product. To help the elder feel comfortable using new technologies, future
robotic products should allow for flexible and accessible use. All interactions
should be designed to support use and maintain the values of the widest vari-
ety of people. The Universal Design Principles (2002) developed in the last de-
cade have ensured that product functionality serves the widest group of
human needs. It is essential that products also serve the widest group of human
values by supporting the many forms of independence and agency within the
ecology.
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Future robotic products should also support independence and dignity by
maintaining the best quality of life that the elder has known, or perhaps, im-
proving it significantly. In evaluating future robotic products and their effect
on the elders who use them, we will need to move beyond cognitive and ergo-
nomic issues and deeply consider the human–machine relation, focusing on
the network of relations, values, and motivations involved in an ecological
view of adopting new robotic products.

Robotic Products Must Be Functionally Adaptive

Robotic products designed for an elder ecology must be adaptive. They
should provide a solution for today as well as solutions that will support future
change. When designing products, allow for extensible and mutable forms
and functions.

Robotic products that are situated successfully within an ecology will sup-
port change and growth, fostering new activities for everyone to be involved
in, as well as conditions for adaptation; new knowledge generation; and cre-
ative problem solving rather than accepting less than desirable situations. One
pertinent example from our earlier research in a nursing home can provide
some insight. The community received two desktop computers with Internet
access, and placed them in a public room on the first floor of the building. Al-
though the staff at first believed that there would be little uptake of this new
technology, they quickly learned that just the opposite was true. A few knowl-
edgeable staff and residents were quickly elevated to the level of “local ex-
perts,” and signup sheets had to be created to regulate fair use of the
equipment. Residents asked for lessons on how to use the computer, and even-
tually, a technical staff member was hired. One year later, the presence of the
computers had facilitated new social interactions. Residents had taken over
the production of the community newsletter, and other project plans were un-
derway. As a result of the new technology, all of the components of the ecol-
ogy were evolving. In addition, the technology was evolved by the technical
staff member to make sure it continued to serve the ecology.

These design guidelines can be generally applied to the design of assistive
robotic products. Specific design solutions will bring more knowledge to this
new area of product development. Figure 7, for example, shows how our gen-
erative findings can lead to more specific design recommendations. As more
specific principles are discovered, more detailed case studies will follow.

4.2. An Ecological Approach to the Design Process

Design is the human activity of conceiving, planning, and making the arti-
facts, services, and environments that contribute to the best quality of human
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life. The activity of designing is common to a number of disciplines: engineer-
ing, science, art, rhetoric, and others. However, there are fundamental differ-
ences between how designers approach design (searching for solutions to
witnessed problems) and how those in the harder sciences approach design
(engineering new technologies in usable forms). The ecological framework
presented here can provide a checks-and-balances system for all of the disci-
plines involved in the act of designing.

When designing new robotic products, we will need to make judgments
about what technologies to pursue, what systems to make, and how to consider
context when designing artifacts and services. Design problems of this kind
are characterized as “wicked problems”; a class of social system problems that
are ill formulated, confusing, and influenced by many decision makers.
Wicked problems are indeterminate, meaning that there are no definitive so-
lutions and more than one appropriate solution to any given problem (Bu-
chanan, 1995).
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Design Guideline Example Design Recommendation

Robotic products must fit the ecology
as part of a system.

Consider scale and footprint
Consider placement in the home

environment
Make the product portable and usable

beyond home context
Use familiar product forms to inspire

early adoption

Robotic products must support the
migrating values of elders and others
within the ecology.

Provide a natural, “walk up and use”
interface

Allow the user to initiate product
interactions

Provide more than one choice to
complete any given task

Provide options for aesthetic appearance

Robotic products must be functionally
adaptive.

Provide multimodal input and consistent
lightweight output

Support universal access and use by
the largest number of people in the
ecology

Provide mutable functionality for
different users and contexts

Figure 7. Summary of preliminary design guidelines and example design recommen-
dations.
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Our ecology of aging brings a human-centered focus to designing future ro-
botic products for the aging population. It bridges the gap between the many
disciplines involved in the act of design. It allows for a number of solutions to
address the needs and values associated with aging in place, by providing an
approach for indeterminate and multidimensional problems. The ecology of
aging allows us to formulate and test solutions while continually deepening
our definition of the design problem. It allows us to take a checks-and-balances
approach to design the best solution for all the components of the ecol-
ogy—people, products, and activities taking place in particular environments.
The ecology shows that technology is not the only influence in designing new
products—social dynamics, economics, and environmental issues also play an
important role.
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