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Abstract The population of older adults in America is ex-
pected to reach an unprecedented level in the near future.
Some of them have difficulties with performing daily tasks
and caregivers may not be able to match pace with the
increasing need for assistance. Robots, especially mobile
manipulators, have the potential for assisting older adults
with daily tasks enabling them to live independently in their
homes. However, little is known about their views of robot
assistance in the home. Twenty-one independently living
older Americans (65-93 years old) were asked about their
preferences for and attitudes toward robot assistance via a
structured group interview and questionnaires. In the group
interview, they generated a diverse set of 121 tasks they
would want a robot to assist them with in their homes. These
data, along with their questionnaire responses, suggest that
the older adults were generally open to robot assistance but
were discriminating in their acceptance of assistance for dif-
ferent tasks. They preferred robot assistance over human as-
sistance for tasks related to chores, manipulating objects,
and information management. In contrast, they preferred hu-
man assistance to robot assistance for tasks related to per-
sonal care and leisure activities. Our study provides insights
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1 Introduction

In many parts of the world, the older adult population is
growing at an unprecedented rate. In fact, it is estimated that
almost 20 % of the U.S. population will be over age 65 in
2030 [1]. Normal aging is associated with cognitive, motor,
and perceptual changes that impact one’s ability to perform
daily activities. Thus, of the millions of adults over 65 years
of age worldwide, even the most healthy and independent
may still benefit from some types of assistance as a result of
limitations associated with normal aging. Moreover, nearly
40 % of Americans over 65 report having a severe disability
(e.g., hearing, vision, cognition, ambulation, self-care) and
this percentage rises to 56 % for Americans over 80 years
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[1]. In this paper, we focus on older Americans’ attitudes
and preferences for robot assistance in the home to identify
the potential for domestic robots.

1.1 Age-Related Challenges to Living Independently

As Americans age, many want to remain as independent as
possible while remaining in their homes [2], whether that
be a single family home, an apartment, or in a senior liv-
ing community. To lead independent and healthy lives in
their own homes, people must be able to perform a wide
range of tasks related to activities of daily living including
self-maintenance, instrumental, and enhanced activities of
daily living [3, 4]. Self-maintenance activities of daily living
(ADLs) are essential to maintaining one’s independence and
include the ability to toilet, feed, dress, groom, bathe, and
ambulate. Instrumental activities of daily living (IADLs) are
usually more cognitively demanding than ADLs. They in-
clude the ability to successfully use the telephone, shop, pre-
pare food, do the housekeeping and laundry, manage med-
ications and finances, and use transportation. Enhanced ac-
tivities of daily living (EADLs) include participation in so-
cial and enriching activities, such as learning new skills and
engaging in hobbies [4].

Age-related declines in physical, perceptual, and cog-
nitive abilities can make performing these tasks challeng-
ing for older adults. Physical limitations such as motor
impairment and difficulty balancing were identified as the
source of nearly 40 % of the difficulties in performing
tasks of everyday living mentioned by community-dwelling
older adults [4]. Such impairments can limit the perfor-
mance of ADLs (e.g., ambulation, grooming), IADLs (e.g.,
housekeeping, meal preparation), and EADLs (e.g., hob-
bies) [5, 6]. Consequently, older adults could benefit greatly
from assistance with physically demanding tasks.

Perceptual declines in vision and hearing are common
among older adults and tend to worsen with age [7, 8]. Older
adults report difficulty performing ADLs (e.g., dressing),
IADLs (e.g., hearing the telephone, driving), and EADLs
(e.g., sewing) due to vision or hearing impairments [4, 9].

Cognitive declines, such as memory loss, could also neg-
atively impact older adults’ abilities to perform IADLs (e.g.,
transportation, medication management) and EADLs (e.g.,
learning something new) [4, 6, 9, 10]. Even activities that
are less cognitively demanding, can be negatively affected
by age-related memory limitations (e.g., burning pots while
cooking, remembering where items are stored) [4].

These needs for assistance can be met in an individual’s
private home by informal and formal caregivers, or by mov-
ing to a facility that provides personal and medical care,
such as an assisted living or skilled nursing facility [11].
However, in many instances these options are not possible
or ideal. For instance, in the United States approximately
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30 % of adults 65 and older live alone in a private home
[12]. Moreover, almost half of the older adults in the U.S.
who do not live alone live with a spouse [13] who may not
be able to provide assistance and may have his or her own
needs for assistance as well.

Formal (i.e., professionals paid to care for patients) and
informal caregivers (i.e., people who care for patients with-
out pay) provide assistance to 28.4 % of Americans over
65 with disabilities who live in the community [14]. How-
ever, the caregiving they provide is contingent on financial
resources and/or Medicaid and Medicare allotments. Fur-
thermore, assisted living and skilled nursing facilities may
not be optimal given older adults’ preference for staying in
their own homes [2]. Moreover, long-term care facilities can
negatively impact feelings of autonomy, an effect that is as-
sociated with mental and physical declines (e.g., [15]).

1.2 How Older Adults Address Age-Related Challenges

The Selection, Optimization, and Compensation (SOC)
model of successful aging describes strategies that individ-
uals, including older adults, engage in to address challenges
encountered as they age [16]. The SOC model highlights
the importance of considering older adults’ preferences for
assistance in addition to their needs.

This model conceptualizes three strategies older adults
take when addressing age-related challenges: selection, op-
timization, and compensation. First, selection refers to two
processes: (a) elective selection which involves choosing the
goals an individual wants to pursue from all possible op-
tions; and (b) loss-based selection which involves the prun-
ing of goals an individual can no longer complete. Second,
optimization refers to the allocation of resources to con-
tinue performing tasks at a similar level. Third, compensa-
tion refers to use of new processes to continue performing
tasks at a similar level. Of note, the use of one strategy does
not preclude the use of another strategy.

The strategy chosen by an individual may vary depend-
ing on the task [5]. For example, Mrs. Smith may have sev-
eral options to how she responds to her motor limitations.
She could select a subset of tasks to perform herself (e.g.,
gardening for a limited time each day), optimize her ability
(e.g., weeding when she is not tired), or compensate (e.g.,
hiring someone else to garden for her).

The SOC model can be applied as a starting point to un-
derstand the potential of domestic robots for older adults.
Robot assistance might be a way for older adults to se-
lect, optimize, or compensate for age-related deficits. For
instance, a robot could suggest to Mrs. Smith that gardening
is a good activity at a particular time because the weather is
really nice (selection). To address the challenges of garden-
ing, she could only grows plants that her robot researched
as growing well in her region or that require less watering
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(optimization), and she could have a robot carry heavy bags
of soil (compensation).

1.3 Robots Have the Potential to Provide Assistance

Technology, such as robots, may be able to provide support
for older adults with the difficulties and challenges associ-
ated with aging. Robots, particularly, human-sized mobile
manipulators, have great potential for providing assistance
to older adults in their own homes. Mobile manipulators are
robots capable of manipulating the world with the potential
to provide physical assistance to diverse users with a wide
variety of tasks. These capabilities are well-suited for pro-
viding support for a wide range of activities in a home envi-
ronment. Because of their range of capabilities, mobile ma-
nipulators are a good candidate for supporting older adults in
maintaining independence longer at home. Such robots have
the potential to assist older adults by supporting the selec-
tion, optimization, and compensation of tasks. For instance,
a mobile manipulator could assist with difficult aspects of a
task (e.g., lifting a mattress), allowing the person to continue
to do as much of the task that he or she can independently
perform (e.g., tucking a sheet under a mattress).

Presently, little is known about older adults’ preferences
for robot assistance in their homes, including tasks. Atti-
tudes, such as preferences for assistance, are a predictor to
accepting robots [17]. Acceptance is critical to understand,
because it increases the likelihood that people will utilize
robot assistance. As a result, we studied older adults’ atti-
tudes and preferences for robot assistance in this research.
By understanding older adults’ attitudes and acceptance for
robot assistance, we can design robot capabilities and in-
teractions between robots and older adults to serve human
needs.

1.4 Older Adults’ Acceptance of Robots

There has been rather limited research on older adults’ ac-
ceptance of robots. Some evidence that their attitudes may
be generally positive comes from a survey conducted by
Ezer and her colleagues [18, 19]. They found that older
adults were no less willing than younger adults to have robot
assistance with tasks [18, 19]. They reported positive atti-
tudes toward intention to accept robots [18]. Understand-
ing older adults’ acceptance is also informed by theoreti-
cal frameworks that outline the important factors influenc-
ing acceptance. Two of the most applicable robot acceptance
frameworks for understanding older adults’ acceptance of
robot assistance in the home are the Domestic Robot Ecol-
ogy (DRE) and the Almere Model. These models provide
general insights about older adults’ acceptance and informed
the present study.

1.4.1 Domestic Robot Ecology (DRE)

The DRE is an acceptance framework that emphasizes the
dynamic relationships that occur between domestic robots
and their environment—including humans—over time [20].
Sung and colleagues [20] found that in the U.S. the physical
and social space, social actors, and intended tasks impacted
these robot-environment relationships over six months.
The context of the physical (indoor environment including
floors, furniture) and social environment (the lifestyle and
activities of a family) impacts the interactions between hu-
mans and robots [20]. The environment not only impacts the
robot, but the robot can impact the physical and social envi-
ronment. For example, people may move furniture to ensure
more optimal robot use or they may share stories and photos
of their experiences with robots with friends. Also impacting
interactions with robots are social actors who are the indi-
viduals and pets living in the home. Different social actors
may interact in different ways and in different frequencies
with a robot. Lastly, tasks performed in the home may be
changed by the introduction of the robot into the household
as well as new tasks may be added that did not exist before.
For instance, using a robotic vacuum cleaner required users
to decrease clutter on the floor more often so it can operate
effectively in that area or introduce the new task of cleaning
the robot.

Although some older adults (up to 67 years old) were
included in the field study that served as this framework’s
foundation, they were not the main focus. Thus, generaliza-
tion of this framework to older adults has yet to be investi-
gated. Additionally, the DRE is somewhat restricted by the
robotic platform, because it was based on human interac-
tion with the Roomba, a robot that performs the single task
of vacuuming. In fact, Sung et al. [20] projected that inter-
actions with a more advanced domestic robot (e.g., a robot
that performs multiple tasks) would be different than those
interactions described in their framework. They suggested
that advanced robots would likely be able to interact with
intelligent appliances in the home, be perceived as more of
a social actor than a tool, and lessen the amount of home
modification users perform to enhance the robot’s task per-
formance.

1.4.2 Almere Model

The Almere Model is an acceptance model adapted from
the Unified Theory of Acceptance and Use of Technology
(UTAUT) [17]. Heerink and colleagues [17] extended the
UTAUT to the acceptance of assistive social agents by older
adults in the Netherlands. Attitudes toward using robots as
well as perceptions of usefulness, ease of use, enjoyment
and social influence were found to significantly influence
older adults’ intentions to use an assistive social agent. For
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example, when older adults perceived an agent as more use-
ful, they had a greater intention to use that agent. Percep-
tions of adaptivity, sociability and social presence as well as
one’s anxiety level also impacted intention to use but were
mediated by the aforementioned factors. Interestingly, trust
did not directly impact intention to use an agent; it impacted
perceived sociability (for more details [17]).

Unlike the DRE, the Almere Model specifically targeted
older adults as a user population and was based on short
interactions with three different agents performing non-
physical tasks (e.g., reminders, obtaining weather forecasts,
assisting with online purchases) [17]. The only embodied
agent that older adults interacted with was a stationary desk-
top robot, the Philips iCat. A video of the mobile manipula-
tor RoboCare and the virtual agent Steffie were also used to
investigate older adults’ acceptance of robots.

Attitudes were found to significantly impact intention
to use a socially assistive agent for a non-physical task in
the Almere Model [17]. However, it remains an open ques-
tion how user characteristics and situation impact these at-
titudes, given that person-related (e.g., sex, education) and
task-related factors (e.g., task domain, criticality) have yet
to be incorporated in this model.

Both the DRE and the Almere Model are high level ac-
ceptance frameworks, which may be due to the early state of
this emerging research area. The DRE [20] takes a holistic
approach to describing trends and relationships that emerge
over time between the Roomba and its environment, includ-
ing people. The DRE could benefit from a way to measure
these trends and relationships with a more succinct and ob-
jective quantitative assessment that applies to a variety of
domestic robots. In contrast, the Almere Model [17] has
a very succinct, self-report quantitative measure of older
adults’ acceptance that applies to several assistive social
agents. However, it could benefit from considering the sit-
uation in which human-robot interactions take place, such
as the task to be performed and the user’s characteristics.
In the current study, we added to the existing research by
investigating American older adults’ preferences for assis-
tance from a robot relative to assistance from a human with
physical and non-physical tasks in the home.

1.5 What Tasks Do Older Adults Want Robot Assistance
with?

To refine models of technology acceptance and develop
robots that are more likely to be accepted, we must under-
stand the tasks for which older adults would need and want
robot assistance. Robots should match a person’s needs and
abilities [21-24]. Older adults may have different needs and
capabilities than younger adults and could potentially ben-
efit from different types of robotic assistance. Evidence is
mixed whether there are significant age-related differences
in what tasks people want robots to perform [18, 19, 25, 26].
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Many studies have included a wide range of ages, includ-
ing older adults, when asking about tasks for a robot [24—
30]. However, the detailed results reported in these studies
are aggregated across age groups and thus, older adults’ re-
sponses cannot be evaluated separately.

Other research specifically reported older adults’ data
separately [18, 19, 31-33]. These five studies aimed to de-
termine what tasks the older adults were willing to accept
assistance from a robot. For an imagined domestic robot,
older adults in the U.S. reported a greater willingness for
robots to perform infrequent, but important, tasks requiring
little human-robot interaction (e.g., warning of danger in the
home) versus service tasks requiring more interaction (e.g.,
bringing objects from another room, preparing a meal) [19].
Older adults reported being least willing to have a robot per-
form tasks that are not critical but require extensive human-
robot interaction (e.g., have a conversation with the robot).
Moreover, Ezer and colleagues [18] found that older adults
most preferred a robot to have performance-oriented traits
(e.g., efficient, reliable, helpful) over socially-oriented traits
(e.g., playful, friendly). The older adults least preferred a
robot to have non-productive traits (e.g., wasteful, chaotic)
[18].

Two studies were conducted with older adults in a New
Zealand retirement community that included a range of ca-
pabilities from self-care to more skilled care (e.g., dementia
unit, hospital) [31]. In Study 1, seven older adults discussed
tasks that a robot could help with in the community in a fo-
cus group (e.g., lifting objects and people; reminding people
to take medications and of daily appointments). In Study 2,
32 older adults used a predetermined list of 30 tasks to rate
a healthcare robot as most useful for detecting falls and call-
ing for help, lifting heavy objects, reminding, housework,
and mobility assistance. In contrast, they rated a healthcare
robot as least useful for highly personal tasks with a lot of
interaction between a robot and human (e.g., showering, so-
cial activities). Of note, participants in Study 2 did not see
or interact with a healthcare robot, but those in Study 1 were
verbally asked in the focus group about preferences for the
robot’s appearance.

In a similar study, 64 older adults living in Germany,
Spain, and Italy rated the usefulness of 25 tasks that a robot
could help with inside (e.g., laundry) and outside the home
(e.g., shopping, taking out the trash) [33]. Tasks were sup-
ported with static illustrations and pictures of robots and hu-
mans. These older adults were living at home but were ex-
periencing difficulties with IADLs. Older adults rated emer-
gency assistance (e.g., help after a fall), reaching for objects,
and reading small text as the most useful tasks. In contrast,
social (e.g., companionship, playing board games) and more
personal tasks (e.g., bathing) were rated as the least useful
tasks.

When referring to a humanoid robot sketch while re-
sponding to open ended survey questions, older adults in
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Table 1 Summary of background research and open questions

Summary of background

Open questions

Age-related challenges

e For independence and wellbeing, individuals must be able to
perform self maintenance, instrumental, and enhanced activities of
daily living

e Age-related declines in physical, perceptual, and cognitive abilities
challenge older adults’ independence and wellbeing

e Facilities and caregivers cannot keep pace with growth of the older
adult population who would require assistance

Robot acceptance

e Evidence from Domestic Robot Ecology (DRE) model suggests that
the physical and social space, social actors, and tasks influence the
dynamic relationships between domestic robots and people over time
e Evidence from Almere model suggests that attitudes and
perceptions are important for older adults’ intention to use an
assistive social agent

Tasks for robot assistance

e Robots should match a person’s needs and abilities

e Older adults were open to a robot monitoring (e.g., detecting falls)
or performing service tasks (e.g., housework, lifting heavy objects)
e Older adults were less open to robots performing non-essential
tasks requiring more interaction (e.g., conversations)

e How can robots assist older adults with the challenges of aging?

e What influences acceptance of robots that perform a variety of
tasks?

e What influences acceptance of mobile manipulators?

e Does DRE generalize to older adults?

e Does DRE generalize to robots other than the Roomba?

e Do user characteristics or context (e.g., task) influence factors the
Almere Model identified as influencing acceptance of robots?

e Does context influence older adult acceptance of robots?

e What tasks do older adults want assistance with from mobile
manipulators?

e Would older adults prefer assistance from a robot over a human? If
so, for what tasks?

e What actions do older adults want robots to perform with what
household objects?

the United Kingdom reported they would ask their robot
to mainly perform servant tasks such as housework (e.g.,
cleaning), food preparation (e.g., fixing breakfast), personal
service (e.g., shopping), and guarding the house [32]. Older
adults did not mention collaborative tasks as something they
would ask a robot to do. However, question wording (e.g.,
“What will you ask your robot to do today?”’) may have bi-
ased participants away from mentioning social or more in-
teractive tasks, even though participants were never explic-
itly told that the robot worked for them [32, p. 362].

Across all five studies [18, 19, 31-33], older adults were
most positive toward robot assistance with emergency situa-
tions (e.g., help with falls), lifting and reaching for objects,
reminders of appointments and medications, and house-
work. In contrast, older adults tended to be least positive
toward tasks more social (e.g., playing games, conversing)
or personal in nature (e.g., bathing, showering). However,
many tasks did not have a clear trend. For example, food
preparation was reported as a task older adults would ask
their humanoid robot to do [32] whereas it was rated one
of the least useful tasks for robot assistance by older adults
experiencing difficulties with IADLs [33]. Table 1 shows a
summary of the current research as well as open questions
for age-related challenges, robot acceptance, and tasks for
robot assistance.

1.6 Goals of Research

Attitudes are important for older adults’ acceptance of
robots and other technology as they are indicative of tech-
nology use and intention to use [17, 34]. Despite their im-
portance, little is known about the nature of older adults’
attitudes towards robot assistance or about their preferences
for robot assistance in the home. Hence, the first goal of this
research was to explore the extent to which older adults were
willing to accept robot assistance in their homes. We iden-
tified home-based tasks for which older adults were willing
or not willing to accept robot assistance. Of note, the partici-
pants in this study lived in various types of homes, including
single-family houses, condominiums, and apartments in se-
nior living communities.

The second goal of this study was to understand older
adults’ preferences for robot assistance by exploring the in-
fluence of an alternative to robot assistance and task type.
We investigated older adults’ preferences for assistance with
home-based tasks from a robot versus a human. The tasks
we examined were informed by tasks that older adults re-
port having to do to maintain their home [5] as well as by
general needs of older adults.

For the third goal of this study, we explored in detail the
actions older adults wanted robots to perform and the ob-
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jects they wanted robots to manipulate. Knowing what ac-
tions older adults want a robot to perform with what objects
can have direct implications for what range of capabilities to
design into a robot.

Our goals for this publication:

1. Discover extent to which American older adults are will-
ing to accept robot assistance in the home.

2. Determine the actions American older adults want robots
to perform and the objects they want the robots to manip-
ulate.

3. Understand American older adults’ preferences for assis-
tance by identifying tasks older adults were willing or not
willing to accept robot assistance with in the home.

1.7 Overview of Study

To achieve our research goals, we used multiple methods
with an older adult sample to ascertain both their group and
individual attitudes and preferences toward a mobile manip-
ulator. Specifically, structured group interviews and ques-
tionnaires were used. A group interview is advantageous
for participants to react to one another’s ideas for tasks
a robot could perform by generating new tasks or reject-
ing suggested ones. Group interviews are especially help-
ful for populations, such as the participants in our study,
who have limited knowledge of the topic (e.g., capabili-
ties of robots to perform tasks in the home; see [35] for
more details of the advantages of group interviews). We also
assessed participants’ individual preferences through ques-
tionnaires to ensure that each person’s view was recorded
while lessening the propensity toward socially acceptable
answers.

One of our questionnaires, the Assistance Preference
Checklist, used a novel approach to assess what tasks older
adults are willing to have robot assistance with in the home.
We did so by comparing assistance from a robot versus a
human for 48 home-based tasks. Decisions in daily life in-
volve choosing the solution out of many possibilities that
works best for an individual’s situation.

As the context for our study, we used a human-sized
mobile manipulator that looks mechanical and has grip-
pers instead of hands. This particular class of robot was
chosen because human-sized mobile manipulators have
great potential to assist people within the human environ-
ment. Mobile manipulators can move around as well as
physically handle objects within said environment. Wil-
low Garage’s human-sized mobile manipulator, the Personal
Robot 2 (PR2), was specifically designed to interact with
humans in their environment (e.g., in the home or office set-
ting).

Previous studies required participants to use their imagi-
nations about robot appearance and capabilities [19, 31] or
to refer to a static illustration of a robot [32, 33]. We showed

@ Springer

a video of a PR2 performing tasks as well as demonstrat-
ing its capabilities to provide participants with a foundation
of knowledge. Previous research had participants draw their
own domestic robot [18, 19], did not show a robot [31], or
presented static illustrations of robots [32, 33]. In our study,
participants were given the same information for the same
robot which provided common ground to discuss—in an in-
formed manner—robot assistance with tasks in the home.
Otherwise, participants may not have been able to generate
a broad range of tasks for robot assistance.

1.8 Novel Contributions

The methodology and findings of this publication were
novel in five major ways. First, this study differed method-
ologically from previous studies by showing a video of a
robot’s capabilities to participants [18, 19, 31-33]. Previous
research had participants draw their own domestic robot [18,
19], did not show a robot [31], or presented static illustra-
tions of robots [32, 33]. In related studies published in the
International Journal of Social Robotics, participants inter-
acted directly with robots (e.g., [17, 20]), which is thought to
be important for acceptance [21]. We presented a video be-
cause we wanted the participants to react to a demonstration
of a robot’s capabilities that was clear, realistic, error-free
and consistent across participants.

Second, we employed multiple methods (structured
group interviews and questionnaires) with the same sam-
ple of participants to ascertain older adults’ attitudes toward
a diverse set of home-based tasks. Although [31] also used
mixed methods, they were conducted on different samples
which limits comparison. Other work used either qualitative
or quantitative methodologies respectively [18, 19, 32, 33].

Third, this study used an innovative metric—the Assis-
tance Preference Checklist—to determine preferences for
robot assistance versus human assistance for 48 home-based
tasks. None of the prior research enabled participants to
make such direct comparisons about their preferences.

Fourth, this study targeted Americans whereas several of
the previous studies with older adults targeted New Zealan-
ders and Europeans [31-33]. Thus, the data add to the corpus
of understanding older adults’ attitudes.

Fifth, this study’s findings not only determined the tasks
older adults” were willing to have robot assistance compared
with human assistance in the home, but also identified the
actions that older adults want a robot to perform and the
objects with which to perform those actions with. These
data provide insights about the abilities that personal robots
should have to support the needs of older adults.
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2 Method
2.1 Participants
2.1.1 Demographics

Five structured group interviews were conducted, each com-
prised of two to five independently living older adults (N =
21) between the ages of 65 and 93 (M = 80.25 years; SD =
7.19 years). Participants were recruited from two different
senior centers, located in areas of metro Atlanta known to
differ in socioeconomic status (SES). We collected informa-
tion about participants’ demographics, health, and technol-
ogy experience using standardized materials developed by
the Center for Research and Education on Aging and Tech-
nology Enhancement (CREATE) [36].

Participants varied in their educational background (cor-
related with socioeconomic status), with 33.4 % having less
than formal college education, 38.1 % with some college,
and 28.5 % with at least some post graduate training. Par-
ticipants’ race/ethnicity was diverse; 57.7 % reported them-
selves as White/Caucasian and 42.9 % as Black/African
American. Participants were widowed (42.9 %), married
(28.6 %), divorced, (19 %) or single (9.5 %). Participants
lived independently in an apartment in a senior community
(66.7 %), in a house/apartment/condominium (28.5 %), or
in a relative’s home (4.8 %).

2.1.2 Health

Participants reported they were in good health (M = 3.09,
SD = 0.61; where 1 = poor, 3 = good, 5 = excellent);
however, they still indicated some limitations. Limitations
were reported most often for walking more than a mile,
for climbing several flights of stairs, for moderate activities
(e.g., moving a table, pushing a vacuum cleaner, bowling,
or playing golf), and for vigorous activities (e.g., running,
lifting heavy objects, or participating in strenuous sports).
The most prevalent chronic health conditions reported were
arthritis, hypertension, diabetes, and heart disease, which is
representative of chronic illness trends in the general older
adult population [37].

2.1.3 Robot Experience

To assess participants’ experience with robots, we admin-
istered a questionnaire measuring familiarity as well as the
frequency of using 13 different types of robots (e.g., manu-
facturing robots, entertainment/toy robots, personal robots,
surgical robots).! Overall participants were somewhat famil-
iar with, yet inexperienced using robots (M = 1.47, SD =

T All stimulus materials described herein are available in full from the
authors.

Fig. 1 A screenshot of the
Willow Garage’s mobile
manipulator, the Personal Robot
2 (PR2), as shown in a video to
participants

S p—

L S

4

-

0.80; where 0 = not sure what it is; 1 = never heard about,
seen or used it; 2 = have only heard about or seen this robot;
3 = have used or operated it only occasionally; 4 = have
used or operated it frequently). More specifically, most par-
ticipants reported having seen or heard about surgical robots
(M = 1.95, SD = 0.22), robot lawn mowers (M = 1.76,
SD = 0.43), space exploration robots (M = 1.76, SD =
0.62), and manufacturing robots (M = 1.67, SD = 0.80).
Yet, none to very few participants reported having experi-
ence actually using any of these robots.

2.2 Personal Robot 2 (PR2)

The mobile manipulator used in this study was Willow
Garage’s (www.willowgarage.com) Personal Robot 2 (PR2;
Fig. 1). The PR2 is a commercially available human-sized
robot, with a telescoping spine allowing the robot to range in
height from 130 cm to 160 cm. The PR2 has an omnidirec-
tional wheeled base, with a footprint the size of an average
wheelchair. It has two 8-degrees-of-freedom arms/grippers
that permit it to manipulate objects in the environment. Its
pan-tilt head carries two stereo camera pairs and a light emit-
ting diode texture projector. The PR2 was specifically de-
signed to interact with humans in their environments. It was
used in the current study to provide participants with exam-
ples of what a mobile manipulator could potentially do in
the home.

2.3 Video of Mobile Manipulator

Participants were introduced to the PR2 via an 8-minute nar-
rated video consisting of a collage of video clips. The pur-
pose of the video was to introduce the PR2 and depict its
capabilities. The video clips were a combination of clips lo-
cally developed, as well as adapted, with permission, from
the Willow Garage video blog (http://www.willowgarage.
com/blog). The video consisted of three chapters that ex-
plained the physical features of the PR2, its capabilities, and
arange of tasks the robot could perform (Table 2). The goal
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Table 2 Video overview of the Personal Robot 2 (PR2) mobile ma-
nipulator. See Online Resource 1 (electronic supplementary material)
for the video participants viewed

Video chapter What was shown

PR2 physical features Layperson overview of
robot’s head, base,
arms, and grippers

PR2 capabilities Navigation; grasping
and manipulating
objects; telescoping

spine

PR2 performing tasks Opening a door;
delivering objects;
folding towels;
plugging self in;
playing billiards

was to provide a best-case scenario of the robot’s capabili-
ties; therefore, we emphasized to participants that the robot
was not limited to what was shown in the video. The video
used in the experiment can be viewed as supplemental ma-
terial (Online Resource 1).2

2.4 Robot Opinion and Assistance Preference
Questionnaires

We developed a Robot Opinion Questionnaire to measure
older adults’ attitudinal acceptance of robots, based on stan-
dard technology acceptance scales (e.g., [34]). Participants
were instructed to indicate their agreement with 12 question-
naire items about using a robot, 6 relating to the usefulness
of the robot and 6 relating to the ease of using the robot
(Table 4). Participants responded using a 7-point Likert-
type scale (1 = Extremely unlikely, 4 = Neither unlikely
or likely, 7 = Extremely likely). The questionnaire was ad-
ministered both before and after the group discussion (i.e.,
pre and post).

For the pre discussion Robot Opinions Questionnaire, the
internal consistency reliability of the usefulness scale (Cron-
bach’s alpha, @ = .93) and ease of use scale (o« = .92) were
high. For the post discussion Robot Opinions Questionnaire,
the internal consistency reliability of the usefulness scale

2Online Resource 1: The narrated video that introduced Wil-
low Garage’s Personal Robot 2 (PR2) to the participants. The
video consisted of a collage of video clips locally developed and
adapted, with permission, from the Willow Garage video blog
(http://www.willowgarage.com/blog). It showed the robot’s physical
features, capabilities, as well as it performing a range tasks. The goal
of the video was to provide a best-case scenario of the PR2’s capabil-
ities and we emphasized to participants that the robot was not limited
to what was shown in the video.
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Table 3 Each participant was interviewed in one of the five interview
groups stratified by participant sex

Interview group Participants
1 5 females

2 5 females

3 5 females
4 4 males

5 2 males

(e = .96) and ease of use scale (¢ = .95) were also high. Re-
liabilities for the Robot Opinions Questionnaire scales both
pre and post discussion were similar to levels reported by
[34].

We also developed an Assistance Preference Checklist to
assess older adults’ preferences for human versus robot as-
sistance on 48 tasks in the home (o« = .97). The question-
naire was based on tasks older adults reported as important
for maintaining their homes [S5] and general needs of older
adults. Participants were instructed to assume they needed
assistance with performing these tasks and the robot could
perform the tasks to the level of a human. Participants rated
their preference for assistance for each task on a 5-point
Likert-type scale (1 = only a human, 3 = no preference,
5 = only a robot).

2.5 Interview Script Design

The design of the interview script followed the methodol-
ogy provided by Fisk and colleagues [38]. Categories of in-
terview questions and materials were systematically devel-
oped based on the literature and pilot testing. The interview
environments were selected to have few distractions and to
respect the privacy of the participants. Participants were re-
cruited according to approved Institutional Review Board
guidelines. Moderators, who lead the group discussion, were
well trained and practiced at systematically interviewing and
administering questionnaires. For more details, see Fisk et
al. [38].

2.6 Structured Group Interview Procedure

The interview groups were divided by participant sex to cre-
ate a homogeneous group environment (Table 3) and to en-
courage open discussions [38].

An overview of the study procedure is depicted in Fig. 2.
Before the session, participants were mailed a packet that
contained an informed consent, as well as demographics,
health, and technology experience questionnaires. These
materials were expected to be filled out before the interview.
Upon arrival to the interview session, participants provided
written informed consent, and completed the Robot Experi-
ence and the Robot Opinions questionnaires.
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Table 4 Older adults’ scores
pre and post group interview on
the Robot Opinions
Questionnaire. Participants
responded using a 7-point
Likert-type scale (1 =
Extremely unlikely; 4 = Neither
unlikely or likely; 7 =
Extremely likely). The last row
is the aggregate values for all 12
items on the questionnaire

*Perceived ease of use items.
The other items represent
perceived usefulness. Mdn =
median score. Range = the
minimum and maximum
Likert-type responses selected
by participants. Z = Wilcoxon
sign-rank test statistic.

n = number of participants who
responded. p = probability of
type 1 error for the Wilcoxon
sign-rank test
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Robots Opinion Questionnaire Item  Pre discussion Post discussion z n p
Mdn  Range Mdn  Range

*My interaction with a robot 6 3-7 6 1-7 —1.61 21 11
would be clear and
understandable.
I would find a robot useful in my 6 2-7 5 1-7 —-1.67 21 .10
daily life.
Using a robot would enhance my 5 3-7 5 1-7 —1.35 21 .18
effectiveness in my daily life.
Using a robot in my daily life 5 2-7 5 1-7 —-048 21 .63
would increase my productivity.
Using a robot would make my 5 2-7 5 1-7 -0.27 21 .79
daily life easier.
Using a robot would improve my 5 2-7 5 1-7 —-0.09 21 93
daily life.
Using a robot in my daily life 5 2-7 6 1-7 -052 20 .60
would enable me to accomplish
tasks more quickly.
*T would find a robot easy to use. 5 2-7 1-7 —-136 21 17
*T would find a robot to be 5 3-7 5 1-7 -0.20 21 .84
flexible for me to interact with.
*It would be easy for me to 6 1-7 6 1-7 —-0.99 21 32
become skillful at using a robot.
*T would find it easy to get a 5 1-7 6 1-6 —-1.76 21 .08
robot to do what I want it to do.
*Learning to operate a robot 6 1-7 6 1-7 -1.09 21 28
would be easy for me.
Median of 12 Items 55 1-7 6 1-7 -032 21 76

Mailed Questionnaires

Discussion of Mobile Manipulator

« Technology experience*

y

(completed before study)
« Demographics* « Topics discussed
« Health*  Likes and dislikes

* Appearance
* Potential usefulness

v
Participants arrive to study | | 10 minute break |
J 7
Pre-Questionnaires Brainstorm of Tasks*

(completed at beginning of study)

« Robot experience*
« Robot opinions*

v

Audio recording began

)

Interview Icebreaker Questions

“If a robot were to be developed just for
you, name one task that you would like for
it to be able to do”

“Given your knowledge and experience,
what's your general opinion about
robots?”

y

Video of Mobile Manipulator |—

“Imagine you can tell this robot what to
do. What would you want it to do?”
* Given list of 25 action words to
brainstorm with

Brainstorm of Pros/Cons to a
Robot Performing Specific Tasks
“Now we would like you to think about a

Jfew specific tasks and discuss the pros and
cons to a robot performing them.”

 Chores

Finding and Fetching

* Medication Management
(order of tasks counterbalanced)

v
Post-Questionnaires
(completed at end of study)
Assistance Preference Checklist*
Robot opinions*

Fig. 2 Procedure for the larger study. *

publication

= Data included in current

Participants were informed that the interview discussion
would be digitally recorded and transcribed for analysis.
The moderator outlined the goals and topic of the structured
group interview, as well as the rules for the conversation
(e.g., not to interrupt other participants).

The interview then followed a specific structured order so
that all groups would have the same flow of discussion:

e icebreaker questions

e the video depicting the PR2 robot (Fig. 1; Online Re-
source 1)

e questions about the older adults’ opinions of the PR2

e a brainstorm of tasks a robot may perform in the home.
Pilot testing indicated that older adults had difficulties
brainstorming tasks so a list of 25 action words was given
to participants to facilitate the discussion (Online Re-
source 2).3

e a brainstorm of pros/cons to a robot performing three
specific tasks (i.e., medication management, finding and
fetching items, and chores). These tasks were counterbal-
anced to mitigate potential order effects.

30nline Resource 2 (see electronic supplementary material): The 25
action words given to older adults during the group interview to facili-
tate discussion of what tasks they would want robot assistance with in
their homes.
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At the conclusion of the structured group interview, the
participants completed the Assistance Preference Checklist
and again, the Robot Opinions questionnaire. The digital au-
dio recordings of the group interviews were transcribed ver-
batim by a professional transcription company.

3 Results
3.1 Older Adults’ Acceptance of Robots

The older adult participants were generally open to accept-
ing robots as evidenced by the median scores of the Robot
Opinions Questionnaire (Table 4). The median score of all
12 questionnaire items did not change significantly from
pre to post discussion (Table 4). This finding suggests that
watching the video of a PR2 and discussing robots did not
change the participants’ average acceptance of robots. The
pre and post discussion scores were both above 5.0 (5 =
slightly likely; Table 4), which indicates that older adults
were generally positive about accepting robot assistance in
their homes.

Additional support for older adults being willing, or
“slightly likely” to accept robots was found by comparing
the pre and post discussion means computed for each of the
12 questionnaire items (Table 4). None of the 12 item means
were significantly different from pre to post discussion (Ta-
ble 4). For 8 of the 12 questionnaire items, the means for pre-
discussion and post-discussion was greater than or equal to
5.0, suggesting that older adults were positive toward robot
assistance. The remaining four items had means greater than
4.0 (4 = neither unlikely or likely), suggesting that older
adults were open to robot assistance as they were neither
greatly negative nor positive. In sum, these data support that
older adults were largely positive toward or open to accept-
ing robot assistance.

3.2 Home Tasks for Mobile Manipulators

Although the older adults in our study were generally ac-
cepting of robot assistance in the home, older adults reported
preferring robot assistance for some tasks and human assis-
tance for other tasks. This pattern is evidenced by data col-
lected both from the structured group interview (i.e., brain-
storming tasks for robot assistance) as well as the Assistance
Preference Checklist questionnaire.

3.2.1 Brainstorming Tasks for Robot Assistance

Participants were instructed to brainstorm what tasks they
would want robot assistance with in the home. During the
group discussion, older adults reported a diverse set of
home-based tasks for robotic assistance. From the tran-
scripts of the interviews, we noted each task that older adults
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Fig. 3 Overview of procedure
for identifying actions and
objects from transcripts of the

Transcript of
Interview

“...things that you

interviews

would want to do with
the robot.

I would want it to
make my bed.

Doing the
vacuuming.”

Task
“I would want it to
make my bed.”

Action Object
make bed

Table 5 Actions that older adults report wanting a robot to perform
in their homes. Each action was specified in three or more group inter-
views

Action Example

Clean Clean kitchen; Clean refrigerator

Remind Remind medication; Remind social events
Straighten/ Straighten/organize groceries; Straighten/organize
organize papers

Bring Bring socks; Bring drink; Bring phone

Pick up Pick up drink; Pick up phone

Select/pick Select/pick book; Select/pick suit

Connect Connect to the Internet; Connect to the television
Make Make bed; Make breakfast

Play Play games; Play cards

Walk Walk the dog

reported wanting robot assistance with in the home. Each
task was counted only once per group interview session.
Next, we grouped the tasks that were basically the same
(e.g., clean the dishes, wash the dishes). The method and
data analysis of the brainstorming session of the interview
were chosen to elicit the range of tasks that older adults want
a robot to perform in the home.

Participants brainstormed a total of 121 different tasks
for robot assistance in the home. Using a method similar to
[39], each task (e.g., “I would want it to make my bed.”) was
decomposed into its action (e.g., make) and its object (e.g.,
bed; Fig. 3). The goal of decomposing the tasks was to indi-
cate the range of actions and the range of objects that older
adults reported wanting a robot to perform in their homes.
If participants said they would not want a robot to do a task,
then it was excluded from this analysis.

Within the 121 tasks, older adults’ specified 64 actions
for a robot to perform in their homes (see Table 5) with 67
different objects (see Table 6). We include a subset of all
the tasks participants listed during the brainstorming session



Int J Soc Robot (2014) 6:229-247

239

because a majority of the tasks were only mentioned by one
interview group. Thus, we decomposed the task into actions
and objects to collapse the data to be able to talk about trends
as well as the range of tasks.

The tasks were generated by the participants (not the re-
searchers) so it is possible that one action word may have
different meanings across participants and objects. For ex-
ample, organize groceries and organize papers are two con-
ceptually different tasks. In this analysis, organize would be
counted as one action, and groceries and papers are two ob-
jects.

In the group discussion, older adults reported wanting
robot assistance with many home-based tasks. This suggests
that the older adults would be open to robot assistance with
a diverse set of tasks in the home (e.g., cleaning, reminding,

Table 6 Objects that older adults report wanting a robot to perform
tasks with in their homes. Each object was specified in two or more
group interviews

Object Example

Me (person) Pick me up; Train me; Protect me; Wake me; Get me

Book Bring book; Straighten/organize books

Dog Walking dog

Bed Make bed

Clothing Fold clothing; Straighten/organize clothing
Computer Act like a computer; Connected to the computer
Dishes Put up dishes; Washing dishes

Heavy things  Pick up heavy things; Carry heavy things
Door

Drink

Close the door; Open the door
Bring drink; Pick up drink

playing games). However, it was also important to assess
the older adults’ individual preferences for robot assistance
with a predetermined set of home-based tasks. The Assis-
tance Preference Checklist was used to assess older adults’
individual preferences for robot assistance with tasks that
are important to maintain their homes.

3.2.2 Assistance Preference Checklist

When asked to indicate their preferences for robot assistance
versus human assistance for a variety of home-based tasks,
older adults were selective about what tasks they preferred
robot assistance. We grouped the 48 tasks on the Assistance
Preference Checklist into one of four domain categories:
leisure activities, personal care, health, or chores. If a task
did not fit into the aforementioned four domain categories
(e.g., reminding of appointments, reaching for an object),
we then grouped it into one of two general categories: infor-
mation management or manipulating objects. Priority was
given to domain categories because they are more informa-
tive than the general categories. The categories were mutu-
ally exclusive such that each task could be in only one (i.e.,
4 domains and 2 general categories). Refer to Table 7 for
category definitions, examples, number of tasks and internal
reliabilities, as well as the mean and standard deviation of
participants’ preference ratings.

Figure 4 contains the mean rating (on a scale of 1 to 5,
with 1 = only a human, 3 = no preference, 5 = only a robot)
for preference for human versus robot assistant for each of
the 48 tasks. Within each category, the tasks are shown or-
dered from greatest mean preference for human assistance to
greatest preference for robot assistance. Overall, participants

Table 7 Categories organizing

the 48 tasks in the Assistance Category Definition Examples Num tasks o M SD
Preference Checklist. The first
four categories listed are based Personal care Tasks performed that Shaving, bathing, 7 81 2.26 0.96
on domain whereas the latter involve direct physical eating/feeding, walking
two are general. Tasks were contact with a person to
grouped first by domain. If a assist with daily needs and
task did not fit in a domain, then hygiene
it was grouped into a general Leisure Tasks performed for Entertainment, social 6 a7 265 1.07
category. Categ(.)rieg are activities enjoyment activities, games, hobbies
il;;iually exclusive in terms of Health Tasks to maintain health and Medication management, 5 73 271 1.14
well-being without direct exercise, calling doctor

. physical contact
Num tasks = number of tasks in o
each category. o = Cronbach’s Chores Task.s performed 1051d§ anfl Hous.ework, yard work, 21 96 3.26 1.02
alpha measure of internal outside of home to maintain cooking
consistency reliability for each order
category. M = participants’ Information ~ Tasks involved in the Reminders, monitoring 4 .83 3.49 1.05
mean preference rating on a management  collection, handling, and home, finding information
5-point Likert-type scale (1 = distribution of information
only a human, 3 = no Manipulating Tasks performed regardless  Reaching or fetching objects, 5 93 3.64 092
preference, 5 = only a robot). objects of purpose or context open/close drawers, finding

SD = standard deviation of
preference ratings

items
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Fig. 4 The older adults’ mean
preference ratings for robot

versus human assistance by task.

Within each group, tasks are
arranged from preferring human
assistance to preferring robot
assistance. Error bars represent
standard error of the mean

Shave

Wash/comb hair

Bathe

Eat/feed myself

Get dressed

Brush teeth

Walk

Entertain guests
Beingentertained

Call family/friends

Learn new skills

Get information on hobbies
Learn to use new technology
Decide medication to take
Take medicine

Health Exercise
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Remind to take medicine
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Set table

Grocery shop

Repair plumbing

Wash dishes by hand
Clean/stockrefrigerator
Laundry

Painting

Water plants

Sort mail
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Load/unload dishwasher
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Makebed/change sheets
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Clean windows
Sweep/scrub/mop floors
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Get weather/news
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Remind of daily activities
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Only
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reported preferring human assistance for the domains of per-
sonal care (e.g., shaving) followed by leisure activities (e.g.,
entertaining guests), and health (e.g., deciding what medi-
cation to take). In contrast, participants reported an overall
preference for robot assistance with chores (e.g., cleaning
kitchen) and with the general categories of information man-
agement (e.g., monitor home and warn about dangers) and
manipulating objects (e.g., fetching objects) (Table 7).

To determine if older adults had a significant preference
for either robot or human assistance for each task, we per-
formed one-sample Wilcoxon sign-rank tests to compare
each task median against 3.00, where 3.00 = no preference.

@ Springer

See Tables 8 and 9 for the tasks that older adults reported
either a significant preference for robot assistance or for hu-
man assistance compared to no preference at all.

As illustrated in Table 8, the older adults preferred robot
assistance over human assistance for the categories of tasks
(as described Table 7) related to chores, manipulating ob-
jects, and information management. Even for the task older
adults reported the most extreme preference for robot as-
sistance, there were individual differences (Fig. 5). They
reported the most extreme preference for robot assistance
(M = 3.81) for the chore of maintaining the lawn/raking
leaves out of all 48 tasks (Table 8). However, even though
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Table 8 Tasks for which older
adults significantly preferred Task M SD Mdn Range n p
robot assistance compared to no
preference. Fifteen tasks were Maintaining lawn/raking leaves 3.81 1.03 1-5 21 .006
significant at the p < .05 level Picking up/moving heavy objects 3.76 1.00 4 1-5 21 .006
but after. contg)lli?g for.Type 1 (e.g., furniture)
error using a Bonferroni . .
correction, no tasks were Fetching objects from floor (e.g., 3.76 0.94 4 1-5 21 .006
Lo remote control) or other room
significant at the p < .001 level X .
(e.g., drink from refrigerator)
M = participants’ mean Cleaning kitchen 3.71 0.78 4 1-5 21 .002
preference rating on a 5-point Reaching for objects 3.71 0.96 4 1-5 21 .007
Likert-type scale (1 = only a Sweeping/scrubbing/mopping 3.67 0.97 4 1-5 21 009
human, 3 = no preference, 5 = .
only a robot). SD = standard Controlling for pests/rodents 3.67 1.02 4 1-5 21 013
deviation of preference ratings. Finding/delivering items (e.g., 3.62 0.92 4 1-5 21 .011
Mdn = participants’ median car keys, glasses)
Er.iference ratil;g (El as —poin}: Cleaning bathrooms 3.57 0.93 4 1-5 21 015
ikert-type scale. Range = the . .
minimum and maximum Cleaning windows 3.57 0.93 4 1-5 21 .015
Likert-type responses selected Changing light bulbs 3.55 0.83 4 1-5 20 .013
by Pafticipaﬂt;- n= f:iumbei of Making bed/changing sheets 3.52 0.98 4 1-5 21 031
participants who rated a task. . . .
p = probability of type 1 error Being reminded of appointments 3.48 0.93 4 1-5 21 .039
for a one-sample Wilcoxon Loading/unloading dishwasher 3.48 0.93 4 1-5 21 .035
sign-rank test comparing each Being reminded of daily 3.48 0.93 4 1-5 21 039

task median to no preference

(=3)

activities

Table 9 Tasks for which older adults significantly preferred human assistance compared with no preference. Eleven tasks were significant at the
p < .05 level but after controlling for Type 1 error using a Bonferroni correction, one task was significant at the p < .001 level

Task M SD Mdn Range n D
Preparing meals/cooking 1.90 0.91 2 14 20 .001
Shaving 1.95 0.91 2 1-3 19 .001
Washing/combing hair 1.95 0.74 2 14 21 <.001
Entertaining guests 2.00 1.05 2 14 21 .001
Being entertained (e.g., playing games, dancing) 2.19 0.75 2 1-4 21 .001
Bathing 2.24 1.09 2 14 21 .007
Eating/feeding myself 2.29 0.90 2 14 21 .005
Calling family/friends 2.29 1.10 2 14 21 .010
Deciding what medication to take 2.38 1.16 2 1-4 21 .025
Getting dressed 2.38 0.92 2 1-4 21 .009
Brushing teeth 2.48 1.03 2 14 21 .032

M = participants’ mean preference rating on a 5-point Likert-type scale (1 = only a human, 3 = no preference, 5 = only a robot). SD = standard
deviation of preference ratings. Mdn = participants’ median preference rating on a 5-point Likert-type scale. Range = the minimum and maximum
Likert-type responses selected by participants. n = number of participants who rated a task. p = probability of type 1 error for a one-sample
Wilcoxon sign-rank test comparing each task median to no preference (= 3)

many reported wanting robot assistance, not all older adults
did (Fig. 5). Two older adults indicated that they preferred
or wanted only human assistance with maintaining their
lawn/raking leaves, whereas 15 older adults preferred or
wanted only robot assistance.

In contrast, older adults preferred human assistance with
tasks mainly related to personal care and leisure activities
(Table 9). And again, even for the task older adults re-

ported the most extreme preference, individuals varied in
their preferences (Fig. 6). They had the most extreme prefer-
ence for human assistance (M = 1.90) for preparing meals
and cooking out of all 48 tasks (Table 9). However, not all
older adults reported wanting human assistance with this
task (Fig. 6). Two older adults indicated preferring robot as-
sistance with preparing meals, whereas 17 older adults pre-
ferred or wanted only human assistance.
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Fig. 5 Frequency of older adults’ preferences for assistance with
maintaining the lawn and raking leaves
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Fig. 6 Frequency of older adults’ preferences for assistance with
preparing meals and cooking

3.2.3 Synthesis of Home Tasks for Mobile Manipulators

The older adults we interviewed reported being open to
robot assistance with home tasks as indicated by the results
of the brainstorming session and the Assistance Preference
Checklist. The brainstorming session was during the group
interview whereas the Assistance Preference Checklist was
administered after the interview. As such, participants were
naive to the tasks on the Assistance Preference Checklist
while brainstorming tasks.

Of the 121 tasks brainstormed during the group inter-
views, 45.5 % of the tasks were not on the Assistance Pref-
erence Checklist, 19.6 % of the tasks matched tasks on the
checklist, 22.3 % were more specific than the checklist (e.g.,
bring me socks vs. fetch objects from floor or other room),
and 12.5 % were more general than the checklist (e.g., call
help vs. call doctor). All the tasks that older adults signifi-
cantly preferred robot assistance on the checklist (Table 8)
were mentioned during the brainstorming session except for
maintaining the lawn/raking leaves. Six tasks of 11 that
older adults’ significantly preferred human assistance (Ta-
ble 9) were not mentioned during the brainstorming session
of any of the group interviews.
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Fig. 7 Older adults specified they wanted robotic assistance straight-
ening/organizing their apartments, books, clothing, groceries, papers,
and shelves

4 Discussion

Caregivers or facilities may not be able to keep pace with the
increasing need for assistance engendered by the increasing
number of older adults in the United States. Robots, particu-
larly human-sized mobile manipulators, have great potential
for assisting older adults with everyday tasks and may en-
able older adults to live independently at home. However,
little is known about what tasks older adults are willing to
accept robot assistance with in the home. The older adults
in our study were generally open to robot assistance in the
home but were selective in their acceptance of tasks. They
reported wanting a robot to perform a wide range of tasks us-
ing a diverse set of actions and objects in the home (Tables 5
and 6). They also reported a preference for robot assistance
over human assistance for tasks related to chores, manipulat-
ing objects, and information management whereas they were
less immediately open to robotic assistance for personal care
and leisure activities (Table 7). Our study provides insights
into older adults’ attitudes and preferences for robot assis-
tance with home-based tasks; these data may inform the de-
sign of robots that are more likely to be accepted by older
adults.

4.1 Actions for Robots to Perform

During the group discussion, older adults reported a diverse
set of home-based tasks for robotic assistance. They re-
ported many different interactions between the robot’s ac-
tion and an object. Oftentimes the same actions were re-
ferred to but with different objects. For example, older adults
mentioned they would like a robot to straighten/organize a
variety of objects in their homes including books, clothing,
groceries, and papers (Fig. 7). These data give insight into
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Fig. 8 Older adults specified they wanted robotic assistance with pick-
ing “me” up, training “me”, waking “me”, and protecting “me”

how older adults think about tasks that robots could assist
with in the home. Additionally, a robot may be programmed
to have a core set of programs or behaviors that could be
generalized to different object types.

Conversely, older adults also mentioned several actions
to be performed with the same object. For example, they
discussed having a robot help with waking “me”, protecting
“me”, or even picking “me” up (Fig. 8). If people or certain
objects are desired for the robot to perform several actions
with, then designers could prioritize the study of properties
of these objects to better program the robot’s ability to inter-
act with such objects. Also, a robot may be programmed to
use similar code to implement different tasks with the same
objects which may influence human-robot interaction.

The participants in our study tended to speak about tasks
at a higher level (e.g., straighten/organize apartment) rather
than at the lower level of capabilities required for a task (e.g.,
grasping paper). They were not constrained by the list of ac-
tion words provided to them to facilitate the discussion of
tasks. They did not use all the action words that were pro-
vided (i.e., they used 17 of 25 given action words) and they
generated words that were not provided (i.e., they generated
47 new action words). See Online Resource 2 for the list of
25 given action words.

These data offer insight into older adult acceptance for
mobile manipulators. The older adult participants were sur-
prisingly imaginative regarding what the robot could do to
assist them. They devoted a lot of discussion to this topic,
and generated action words beyond what was provided to
them. They were engaged, active, and motivated to discuss
robots. Thus, older adults are an important resource to eval-
uate designs or to guide ideation. With regard to acceptance,
these data support that older adults are open to robots per-
forming a wide range of home-based tasks.

4.2 Preference for Assistance—Robot or Human?

The older adults preferred robot assistance over human as-
sistance for tasks related to chores, manipulating objects,
and information management (Table 7). These findings are
consistent with the literature where older adults rated chores
(e.g., housework), manipulating objects (e.g., lifting heavy
objects) and information management tasks (e.g., remind-
ing, monitoring a person and transmitting information for
help if the person falls) as useful tasks for a healthcare robot
to perform [31]. For a domestic robot, older adults men-
tioned they would want a domestic robot to perform chores
(e.g., housework, food preparation, shopping) and informa-
tion management (e.g., guarding the house) [32].

Furthermore, older adults in our study preferred human
assistance over robot assistance for tasks related to personal
care and leisure activities. Although previous research has
not directly compared human assistance to robot assistance,
these findings are consistent with the literature where older
adults rated tasks that are social (e.g., playing board games)
or highly personal (e.g., bathing) as least useful for a health-
care [31] or domestic robot to perform [33]. For a domestic
robot, older adults were less open to having a domestic robot
perform tasks that required extensive human-robot interac-
tion (e.g., having a conversation) either by report [19] or by
not mentioning such tasks during a free response paradigm
[32].

Task preferences may not generalize to older adults who
currently need assistance with ADLs, IADLs, or EADLs,
because the older adults in our study lived independently
and did not currently need assistance. Healthy, independent
older adults may want or require assistance with different
tasks than older adults who need assistance with ADLs,
IADLs, or EADLs. For example, persons with physical dis-
abilities reported wanting robot assistance with tasks that re-
quire closer proximity with the user (e.g., lighting cigarettes,
holding drink with straw to person’s lips) than adults with-
out physical disabilities [24].

We grouped the tasks in this study into domains and gen-
eral categories for generalizing purposes. However, older
adults were selective about tasks, even within a category.
For example, older adults’ responses regarding tasks in the
health domain were mixed in terms of preferring human
assistance to robot assistance. Participants tended to pre-
fer robot assistance with reminding to take their medica-
tion, whereas they preferred human assistance with decid-
ing what medication to take (Fig. 4; Table 9). Thus, for even
highly related tasks, such as medication management, older
adults were discriminating. Lastly, not all older adults had
the same preferences (Figs. 5 and 6). Given the selectivity
of older adults, generalization of their preferences for assis-
tance should be made carefully. Robot designers should vet
tasks with the intended user group to help determine users’
preferences for assistance.
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Little is known why older adults hold such preferences of
robot assistance with home tasks. One explanation could be
that older adults expect a robot to be more like an assistant
or an appliance rather than a companion or friend [19, 25].
Thus, older adults’ expectations of typical tasks that a robot
performs are based on the robot’s role. For example, a dish-
washer is expected to clean, whereas a friend is expected to
communicate socially.

Another potential explanation is that the older adults
were accepting of robot assistance for tasks when they per-
ceived a benefit to such assistance [19]. Using different data
from this study, Beer and colleagues [40] found that older
adults reported five categories of benefits of robotic assis-
tance with chores, and fetching and finding objects around
the home: a robot could compensate for their difficulties
(i.e., robot performs a difficult aspect of task, or a task that
the older adult can no longer perform); save them time; per-
form undesirable tasks; save them effort; and perform tasks
well without getting tired [40]. Yet, older adults’ accep-
tance of robotic assistance is multifaceted and depends on
many factors, including concerns [31]. Older adults reported
five categories of concerns with robot assistance regarding
chores; fetching and finding objects around the home; dam-
age to the environment; over-reliance on the robot (i.e., older
adults would rather do a task themselves or avoid depending
on the robot too much); unsure of robot’s capabilities (i.e.,
older adults’ perceptions of the robot’s capabilities are lim-
ited so they assume a robot is not capable of doing a task);
perform a task incorrectly; and limitations of space and stor-
age (i.e., the robot’s size makes it difficult to be in the home)
[40]. Future research should further investigate the reasons
why older adults hold certain preferences for certain tasks.
In addition, attitudes and preferences need to be assessed
following direct interactions with robots as well as over an
extended time period.

4.3 Robot Support

Maintaining one’s independence at home is a goal of older
adults [2] but is often challenged by age-related declines in
physical, perceptual, and cognitive capabilities. Such limi-
tations tend to become more prevalent as people age [38].
According to the SOC model, successful aging is a process
involving the selection of personal goals, the optimization
of time or energy to those selected goals, and the compen-
sation for loss of an ability [16]. Robotic assistance may be
one way for older adults to select, optimize, or compensate
for age-related deficits.* Based on the older adult’s needs
and preferences, robot assistance could be tailored to that
individual. For example, the older adults preferred human

4The use of one strategy (selection, optimization, compensation) does
not preclude the use of another strategy in the SOC Model.
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assistance over robot assistance with cooking a meal. Some
older adults may choose to cook their own meals because
they enjoy it even though many aspects are difficult for them.
A robot could help assist the older adult by offering sug-
gestions for new recipes (select), or healthier versions of
favorite foods (optimize) while the older adult is cooking.
Also, a robot could physically assist (compensate) the older
adult by lifting a heavy bowl while he or she is cooking. If
the older adult prefers to cook without robot assistance, then
the robot could help only when asked instead of proactively
assisting the older adult.

There is definite potential for robots to support older
adults later in life because older adults will most likely need
more assistance as they age. Robots would need to adapt
with the individual, his or her needs, and the environment
[17, 21, 22]. We posit that older adults could benefit from
earlier assimilation of robots into their lives, because age-
related declines may make learning how to use a robot more
difficult. As such, it may prove to be more difficult to cus-
tomize or train a robot to users’ needs as they age. This may
affect the amount of robot support for certain tasks, as well
as the older adult’s preferences for how a task is performed.
It is also likely that people may prefer to use a robot and
have the chance to develop trust in it before they have to
rely on it to perform tasks critical for their independence.
Over-reliance on robot assistance for home tasks is a con-
cern that older adults have reported [40]. Finally, there may
be safety reasons to consider.

In this study, we presented older adults with a video of a
mobile manipulator that has the potential to perform multi-
ple tasks around the home. They generated over 60 actions
that the robot could perform with over 60 objects around
the home. Many of these tasks require the robot to be able
to manipulate and lift heavy objects. This information can
inform roboticists to design robots that are able to perform
the actions older adults mentioned (e.g., clean, pick up) with
the corresponding objects (e.g., “me”, clothing, books) [40].
Alternatively, one could design and make available several
single-purpose robots that perform the same tasks as one
multi-purpose robot. Such single-purpose robots may be in-
dividually cheaper and smaller than a multi-purpose robot.
Also, older adults could select which single-purpose robot
would fit their needs and acquire more single-purpose robots
as their needs change.

4.4 Methodological Strengths and Caveats

Although some argue that video trials are a useful method-
ology for assessing human-robot interaction (e.g., [17, 41]),
future research should have older adults interact directly
with robots and for longer periods of time. Many studies
in this area have participants interact or observe a robot only
long enough to ascertain their initial thoughts or attitudes
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(for exception see [20]). It would be ideal to go beyond mea-
suring initial thoughts of robots to determine if and how at-
titudes or preferences change over time.

A video of a human sized mobile manipulator was used
in this study because this robot was designed to interact
with humans within their environment. Additionally, mo-
bile manipulators have several useful capabilities, such as
being able to move about the human environment as well
as manipulate objects within this environment, for assisting
people with home-based tasks. However, the generalization
of the findings may not extend to other types of robots or
even to other mobile manipulators. Yet, older adults’ dis-
crimination of tasks appropriate for robotic assistance was
quite similar across different real or imagined robotic plat-
forms (i.e., healthcare robot, imagined domestic robot, hu-
manoid domestic robot sketch) [19, 31, 32]. More research
is needed to determine if these trends are the same for other
types of robots as well as for other mobile manipulators.

We employed structured group interviews in this study
because of their many advantages. In particular, group in-
terviews involve interaction among their participants, which
facilitates the generation of new ideas [35]. This interaction
is especially beneficial when participants have little to no ex-
perience or knowledge of a topic, which was the case with
our participants. However, group interviews have known
disadvantages [35], such as one person dominating the dis-
cussion and individual opinions not being expressed. To mit-
igate these issues, the moderators were well trained and the
script was designed carefully. To keep a person from domi-
nating the discussion, the moderators used subtle strategies
(e.g., decreased eye contact, walking to another part of the
room). To ensure that everyone in the group talked, there
were periodic questions in the script that asked each per-
son to generate a response in turn. Also, the moderators
were trained to pay attention to when someone was quiet
and would encourage discussion from the person by walking
close to him or her, increasing eye contact, and verbal com-
ments (e.g., “This side of room has been quiet. Does any-
one have anything to add?”). Moreover, participants were
encouraged and reminded that there were no right or wrong
answers and to speak up if anyone had a differing opinion.
Finally, the questionnaires were completed individually so
at the very least participants had the opportunity to express
their opinions. For more details of the advantages and dis-
advantages of group interviews, see [35].

Generalization of this study’s findings may be limited
to older adults similar to our sample, who reported some
knowledge of robots but had not used them. To be able
to generalize to more populations, future research should
include larger scale questionnaire studies. The preferences
reported in this study may be based on inexperience or
misconceptions of what robots can and cannot do (e.g., a
robot cannot touch water) [21, 40]. Technology experience

or knowledge is important for users’ perceptions of useful-
ness and ease of use, as well as users’ acceptance of robots
[19, 21]. In fact, a domestic robot was perceived as easier to
use and more useful when people had more experience with
technology, as compared to people with less experience with
technology [19].

5 Conclusion

The number of older adults is increasing, and resources to
assist them cannot keep pace with the increasing need for
assistance. Robots could potentially help bridge the gap in
assistance. In particular, mobile manipulators could provide
this assistance within the human environment and help older
adults maintain their independence longer in their homes.
However, knowledge pertaining to what tasks older adults
are willing to accept robot assistance with is limited. Our
findings suggest that older adults are largely open to robot
assistance in the home, but quite discriminating in their
acceptance of tasks. During the group interview, they re-
ported 121 different tasks they would want a robot to per-
form in the home. In the context of the questionnaires, older
adults’ reported a preference for robot assistance compared
to human assistance for chores, manipulating objects, and
information management (Table 7). In contrast, the older
adults’ preferred human assistance compared to robot as-
sistance for personal care and leisure activities. Our results
advance understanding of older adults’ attitudes and prefer-
ences for robot assistance with everyday living tasks in the
home which may inform the design of robots more likely to
be accepted by older adults. Future research should investi-
gate why older adults hold such preferences for assistance in
the home as well as how older adults interact with a physical
robot and how/if attitudes change over time.
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