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Abstract Little is known about the usage, adoption process
and long-term effects of domestic service robots in people’s
homes. We investigated the usage, acceptance and process of
adoption of a vacuum cleaning robot in nine households by
means of a six month ethnographic study. Our major goals
were to explore how the robot was used and integrated into
daily practices, whether it was adopted in a durable way,
and how it impacted its environment. We studied people’s
perception of the robot and how it evolved over time, kept
track of daily routines, the usage patterns of cleaning tools,
and social activities related to the robot. We integrated our
results in an existing framework for domestic robot adoption
and outlined similarities and differences to it. Finally, we
identified several factors that promote or hinder the process
of adopting a domestic service robot and make suggestions
to further improve human-robot interactions and the design
of functional home robots toward long-term acceptance.
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1 Introduction
With domestic service robots entering people’s homes, it
becomes increasingly important to understand the process
of long-term adoption of these devices, taking into account
user needs, characteristics of the home, and the (social) impact that these devices can have on the home ecosystem [11].
Still little is know about these aspects, despite the fact that
several million units of domestic service robots have already
been sold (mostly vacuum cleaning robots). To date, only
few studies investigated Human-Robot Interaction (HRI) in
homes over a longer period of time. However, these kind of
real-world studies can provide interesting insights into usage and experience from a user point of view, and help to
identify factors promoting and hindering adoption. By understanding better how people use and adopt domestic service robots, the functionality, user interaction and general
design could be improved toward the goal of making domestic service robots useful, usable, and acceptable everyday
tools. Studies investigating HRI during a longer period of
time are also crucial, as it has been recognized that novelty
plays a role and that interactions with technologies change
over time and with growing experience [1, 8, 11, 18, 30, 33].
It is our aim to study the adoption of domestic robots
and explore niches for this technology, addressing practical
problems in daily lives of humans. As a starting point, we
took the possibility of using a commercially available vacuum cleaning robot (iRobot’s Roomba) for a 6-month ethnographic study with nine households using the robot. To the
best of our knowledge, no such study has been conducted in
Europe so far. Our study contributes to a better understanding of long-term implications in HRI in two ways.
First, findings contribute as itself to the limited number
of long-term studies on HRI. We provide detailed insights
into what happens when a functional robot like the Roomba
is deployed in a home, with respect to:
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• people’s cleaning routine and how it was affected by the
introduction of the vacuuming robot (Sect. 4.1)
• how the physical and social context of the home impacts
the usage of and interaction with the domestic service
robot (Sect. 4.2)
• people’s understanding of robots in general, their expectations and perception of a domestic service robot, and
social activities related to the robot (Sect. 4.3)
• initial reactions to the robot and its adoption, along with
factors related to this process (Sect. 5)
• implications for the acceptance of robots in domestic environments (Sect. 6)
Second, our work adds in a meaningful way to an initial framework of long-term acceptance of robots in homes,
namely the ‘Domestic Robot Ecology’ (DRE) [33], along
which we analyze and integrate our observations. The DRE
is based a long-term field study with 30 households in the
US. We carried out a similar study, with similar methodology, but in a culturally different context using different models of the same domestic service robot. By this, we provide
new data to the framework and are able to show major similarities and interesting qualitative differences. Consequently,
our work contributes also to making the DRE framework
more robust and holistic.
Overall, the novelty of our work lies not in the experimental setup but in the way the data is analyzed and integrated in an existing framework of domestic robot adoption.

2 Related Work
Roomba is one of the most widely deployed vacuum cleaning robots and has been used in a series of studies focusing
on user needs [31], design and personalization of home technologies [32], demographic profiles of robot owners [29],
social implications of domestic robots [10, 11, 28], and
long-term adoption [30, 33]. In the following we first give
an overview of previous work that explored usage, user profiles, and the adoption of domestic service robots, and then
describe how our study can contribute to this.
People’s Expectations of Domestic Robots Sung et al. and
Forlizzi et al. have conducted interviews [31], surveys [29],
and ethnographic research [11] with Roomba owners. They
found that within their concept of robots, people distinguished between ‘Roomba’ and the great mass of ‘other
robots’ [11]. While people’s expectations of robots in general were high, they were rather low for the Roomba and
its practical functionality [11]. Nevertheless, participants expected a domestic robot to be intelligent and able to learn.
The important point for our work is that, people’s specific
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expectations of Roomba have been shown to shape their initial experience with it which is in turn important for adoption. This makes it essential to assess participants’ attitudes
first in order to better understand their reaction.
User Profiles and Usage of Domestic Service Robots Sung
et al. [29] assessed demographic profiles and usage patterns in a survey among more than 350 Roomba owners.
Data revealed that Roomba users were equally likely men or
women, and tended to be younger with higher levels of education or technical backgrounds [29]. Half of the Roomba
owners who took part in the survey lived with one or more
pets and those with children at home expressed greater satisfaction with the robot’s performance. This suggests that
the composition of a household influences how people use
and experience a domestic robot [10]. Concerning the usage
of vacuum cleaning robots, Kim et al. discovered a discrepancy between the cleaning path participants in Korea used
when manually vacuuming, and the paths chosen by vacuum cleaning robots [19]. Consequently, the authors suggest to adapt the robot’s path planning to the specific area
of a home and the according user needs, as the user tends to
use area specific methods for vacuuming.
Domestic Robots can Impact Routines and Create Social
Dynamics In terms of the impact on housekeeping, it has
been shown that in comparison to a traditional vacuum
cleaner (VC), the Roomba changed people’s cleaning activities and how they used other tools [10]. The robot affected
cleaning routines, by increasing cleaning activities, encouraging multi-tasking, collaboration, and making cleaning a
concern for everyone in the home [11, 33]. On one hand,
the Roomba was described as “a tool to improve the cleanliness of the home” [11, 33], though the majority of Roomba
owners reported doing extra cleaning with the manual vacuum cleaner [29]. On the other hand, the robot enhanced
(social) activities other than cleaning: It led people to adjust
the physical environment or to create and remove obstacles.
In both ethnographic studies with the Roomba, people engaged socially with the robot, such as by giving it a name,
talking directly to it, or ascribing intentions and personality
traits [11, 28, 33].1
Sung et al. further observed that people customized their
Roomba (e.g. with drawing or putting stickers on it) to express its ‘identity’ (or gender) and show its value to the
household [32]. Intimacy and positive emotional attachment, such as assigning an identity to the robot, led to
greater acceptance of the product in general and the perceived usability [37]. These social aspects and their positive
1 Social implications of home technologies and domestic robots, such
as intimacy, affective quality, and emotional attachment have been
studied in more detail [10, 22, 28, 37].
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effect have also been mentioned by others and in respect to
different kinds of robots and technologies [5, 8, 28]. It is
suggested that social factors in the usage of household technology are crucial to understand usage patterns and longterm acceptance [36, 40].
Novelty Effects with Robots and Long-Term Usage Novelty effects have been described with interactive technologies [22] and also in several long-term studies on HRI in
non-domestic environments, such as workplaces [15, 20],
schools [17, 18] or elder care centers [23]. However, also
with domestic robots, long-term studies found that people’s interest, engagement and fascination with the robot decreased over time [8, 30]. Concerning long-term usage and
the adoption of robots in homes, two ethnographic studies
with the Roomba have been conducted in the US, involving
14 and 30 households respectively [10, 11, 33]. These studies led to the development of an initial framework, the ‘Domestic Robot Ecology’ (DRE), which is proposed by Sung
et al. [33]. The DRE applies a holistic view to the relationships that robots shape in the home and takes into account
long-term effects. DRE is a first step towards a comprehensive understanding of HRI in a domestic environment.
Based on the interesting findings provided by the two major ethnographic studies with the Roomba in households in
the US, we decided to add to this branch of research a similar study. We deployed recent models of Roomba in nine
households in Switzerland.By this we take into account the
specific context for which we aim to develop new robotic
solutions in the future. A replication of Sung et al.’s longterm study with Roombas makes sense for the goal of exploring similarities and differences in the process of adoption in two culturally different regions. Since cultural differences seem to play a role in the perception of robots and
HRI [1], and further Swiss homes might look and be organized/maintained differently than US homes [3], we also
wanted to explore how far our findings can be integrated and
analyzed in relation to the data from Sung et al./Forlizzi et
al., and the DRE initial framework of long-term acceptance
of robots in homes, in particular. Consequently, the originality of our work mainly lies in the way our data is analyzed,
namely taking the DRE framework into account and showing that it can be used as a tool to structure and understand
the process of adoption of a domestic robot, also in a different context.

3 Study Design
We set up an ethnographic study with nine households to
which we gave a Roomba vacuum cleaning robot (two different models, depending on whether the household owned
a pet, see Table 1). It was our aim to investigate in a qualitative and explorative way how usage and experience evolved
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over time and study the impact on cleaning patterns. This
requires a holistic understanding of the household’s everyday routines, their cleaning activities, as well as their expectations of domestic service robots. Ethnography is a qualitative research method that attempts to generate a holistic
account of cultures or groups of people, such as a household. Ethnography has already been applied to study HRI
and long-term adoption of robots in homes [8, 10, 30]. In
its origin, ethnography is a form of anthropological practice
and both a methodology and perspective [3]. According to
Bell, ethnography is considered a type of field work where
the researcher spends time in and with the culture or peoples studied, participating in everyday life and attempting to
make sense of the patterns of that culture [3]. We understand
ethnography not in its traditional anthropological sense of
‘going native’ but as a research technique to obtain qualitative insights into what happens in the real world in contrast
to a well defined but limited laboratory setting. Roboticists,
engineers, and interaction designers acknowledge the rich
insights qualitative research in real world environments can
provide to inform future developments and refine design [8,
24, 33]. However, longitudinal ethnographic research brings
along several challenges in terms of data acquisition, data
structuring, and interpretation. These and other difficulties
have also been outlined by Fernaeus et al. [8] and Sung et
al. [30].
3.1 Methodology
The methodology applied to study long-term acceptance of
a domestic robot needs to match the described difficulties
and constraints created by the private nature of the home.
Potentially relevant events can take place not only in a predefined space but within the whole social living space, as
well as at times when the researcher is not present. However, using logging mechanisms or extensive video recording would create an unnatural setting which would not meet
the goals of our study. Another challenge is to capture routines of cleaning activities. A routine commonly happens
less consciously; it is consequently hard for participants to
talk about it explicitly and thus it is difficult to investigate.
We addressed these difficulties by using a similar study
design and methodology to that proposed by Sung et al. [30]
and also inspired by how Forlizzi et al. set up their studies
about cleaning in the home with and without the Roomba
[10, 11]. More concretely, we also used ethnographic methods, including home visits, a ‘home tour’, qualitative interviews, and cleaning diaries. Our study took place from
March to October 2011 and was composed of five visits at
each of the participating households:
1. Approximately one week prior to handing out the Roomba,
we had an introductory visit and home tour at each home
and got to know the household, people’s routines and
their attitudes towards robots.
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2. At our second visit, about one week after the first one, we
brought the Roomba with us, interviewed people about
their expectations and observed their initial reactions to
the robot.
3. Approximately two weeks later, we came back to see
how the household experienced Roomba and what it was
used for. Prior to this visit, participants were asked to report their usage of the robot in a diary.
4. About two months after the Roomba was deployed, the
households were visited again. We wanted to examine
how usage and perception of the robot changed over time
and how far the robot was integrated into everyday life.
For ten days prior to this visit, householders completed a
cleaning-diary.
5. A concluding visit was conducted about six months after
we brought the Roomba to the household. This was to
investigate changes in the usage patterns, to assess social
dynamics, and whether the experience with the domestic
robot changed people’s perception of robots in general.
Participants were again asked to fill out a cleaning-diary
during ten days prior to the visit.
In terms of the methods used, we applied several qualitative as well as quantitative techniques. Data was collected
at all households throughout the 6-month period, regardless
whether they stopped using the robot for cleaning. At each
visit, semi-structured qualitative interviews were conducted
(44 interviews, each lasting 1–1.5 hours), audio-recorded
and qualitatively re-transcribed. At each interview, participants were interviewed collectively and asked to describe
how they used the robot (for cleaning and other activities),
their satisfaction with it, and perceived benefits and constraints. The first visit also included a home tour where the
household’s main contact person showed us their technological equipment, cleaning tools, and spots in the home that
they considered challenging to clean. By this we also learned
about their conceptions of cleanliness and order [21]. At
each visit, we collected field notes and photos or videos from
the on-site observations. Prior to each visit (except the first
one), each household filled out a daily diary to capture cleaning activities and Roomba usage. Self-reported data such as
diaries have been used by others, such as for ‘cultural probing’ [12], in sociological research [27] as well as in previous studies with the Roomba [10]. We verified people’s
self-reported data through the interviews and observations.
People’s perception of the robot was quantified by a series
of seven point Likert scales integrated into a small questionnaire to be filled out at each visit. Participants rated the robot
in terms of intelligence, usefulness, ease of use, its impact
on the household, fun, and emotional attachment, as well
as overall impression. We adapted this questionnaire from
Bartneck et al. [2] and Sung et al. [30]. The assessed aspects
are relevant for describing people’s perception of a robot and
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crucial for the adoption of technology [38]. To make it easier for participants to talk about their cleaning routines and
their experience with the robot, we enriched the interviews
with projective techniques such as ‘Bubble Talk’ [30], ‘Day
Reconstruction Method’ [16], and drawing or tinkering activities. Participants generally appreciated these activities.
The ethnographic approach of going to the households
combined with the described qualitative and quantitative research techniques worked well. It allowed us to gain detailed insights into how people were living with their robotic
vacuum cleaner and helped us to understand the changes it
evoked in some of the households. The before-mentioned
activities during the interviews made the discussions more
enjoyable and helped people to be natural and open with
us. Nevertheless, it has to be mentioned that the preparation of these research tools required a lot of effort and we
were happy to have the participation of a professional ethnographic researcher, who is one of the co-authors.
The gathered data was mostly analyzed in a qualitative
way where two researchers studied the collected material
related to the research topics, cleaning activities, and experience with the Roomba. We extracted relevant observations from field notes in several spreadsheets and organized
them in chronological time-series as well as in topic-specific
categories. This process was motivated by Grounded Theory [4] and a method for analyzing user behavior in home
environment [13]. Later, data was integrated and analyzed
according to the DRE framework of adoption [33]. Data
from the cleaning diaries was translated in English (if necessary) and typed in a spreadsheet for a descriptive analysis.
The paper-and-pencil diaries captured the following aspects
of a cleaning/household task: day and date, time, relation
to previous/following activity (if any; e.g. before guests arrived), duration, who carried out the task, which rooms/parts
of the home were cleaned, what was cleaned (e.g. floors,
windows, toilet, etc.) using which tools (e.g. towel, vacuum cleaner, brush, dish-washer, Roomba, etc.). These were
all self-reported data that may be incomplete or biased by
the nature of the study (i.e. people actually carry out more
cleaning activities than usual because they consciously think
about cleanliness as it is part of the study). However, we discussed cleaning tasks with the participants during the interviews to confirm and clarify some of the entries. Quantitative data from the Likert ratings was subjected to a statistical
analysis. Preliminary results have been published [9].
3.2 Participants/Sample
As the goal of this study was to qualitatively explore how
people live with a vacuum cleaning robot, we decided to
select a diverse sample of households rather than focusing
on one specific type. Households were recruited through
word of mouth, a request distributed via e-mail, and an announcement in a school’s newsletter. The call invited households with and without children and pets to participate in
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Table 1 Participants of
6-month ethnographic Roomba
study; the cleaning strategy was
determined from self-reported
data in diaries and on-site
observations; the adoption group
refers to the degree of household
use or adoption of the robot
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# type

People, age

Pets

House
type

Cleaning
service

Cleaning
strategy

Roomba
model

Adoption
group

H1 single

m, 40

no

flat

no

spartan

520

adopter

H2 single

f, 71

1 dog
2 turtles

house

yes

minimalistic

563 PET

user

H3 couple

f, 62
m, 58

2 cats

flat

no

minimalistic

563 PET

user

H4 family

mother, 43
father, 47
2 girls, 10, 8

1 cat

house

yes

carer

563 PET

user

H5 family

mother, 45
father, 45
3 girls, 18, 12, 12
boy, 15

1 dog

house

no

carer

563 PET

adopter

H6 family

mother, 28
father, 28
girl, 5
2 boys, 4, 1/2

1 cat

house

yes

manic

563 PET

adopter

H7 family

mother, 29
father, 34
boy, 1 1/2

no

flat

no

manic

520

rejecter

H8 family

father, 41
3 boys, 11, 10, 8

no

flat

no

spartan

520

rejecter

H9 family

mother, 41
father, 45
2 boys, 8, 7

no

flat

yes

carer

520

user

a study about how people live and interact with a domestic
robot. The text briefly described that households were going to receive a Roomba vacuum cleaning robot over a period of several months, and that the study would take place
in their home with the researcher visiting each household
several times. We wanted to avoid giving a Roomba to people who were not at all interested in deploying a robot in
their home. This fact has to be kept in mind when analyzing and interpreting the data and makes results not generalizable. The sample consisted of nine households with a
total of 30 participants: 16 men and 14 women, 15 children
(six months to 18 years old), and 15 adults ranging from
26 to 71 years old (mean age 43.6 years). More specifically,
the study included three single-headed (one single parent)
and six double-headed households (one couple without children). Each household (H) profile is briefly described in the
following:
H1 consists of a 40 year old single male participant without
pets. Originally from France, he lives in an apartment in
the periphery of town and works in the IT domain. He
also programs in his leisure time.
H2 consists of a 71 year old single woman who is originally from Austria. Now retired, she used to work in
the health care sector and has been living for more than
20 years in a small house with garden in the suburbs.
She has a small dog and two tortoises. She barely uses

H3

H4

H5

H6

her laptop and internet but is open though skeptical of
new technology. When she has difficulties in using her
computer or cell phone, she appreciates help from her
younger friends.
is a couple consisting of a 62 year old British woman
and her 58 year old Swiss common-law spouse. They
share a flat in the center of the city with two cats. Both
describe themselves as not being much into technology
but open to new developments as long as they are useful.
While he is working in the media sector, she works independently for a company that sells organic products.
consists of parents (40ies), two girls aged 10 and 8, and
a cat. This German family lives in a house with garden
in the periphery of town close to the lake. They describe
themselves as open to new technologies but the mother
is skeptical. She used to work in the health care sector
but now stays at home. The father has a background in
engineering but now does freelance management.
consists of parents (40ies), 4 children (18 year old
daughter, 15 year old son, 12 year old twin girls), and a
dog. This Danish family lives in the periphery of town
and is quite open to new technology. The father works
in an international company while the mother stays at
home.
consists of the parents (late 20ies), the 5 year old son,
4 year old daughter, a 6 month old baby boy, and a cat.
This Swiss family lives in the countryside, maintains an
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4 Findings

Fig. 1 Adapted and simplified version of the Domestic Robot Ecology framework, Sung et al. [33]. The overview of interactions between
a vacuuming robot (in the middle), and the key attributes: the related
tasks, the environmental context, and the social actors; which form together the ecology of the home

organic lifestyle, and uses new technology as long as
it is practical (e.g. they do not have a TV). The father
works as dentist and the mother manages her own teashop part-time in the town nearby.
H7 consists of parents (early 30ies), and a 1 1/2 year old
son. This Swiss-French family lives in the center of the
city and we would describe them as an ‘early adopter’
household, since they have all latest technologies in
their home. They emphasize design and live an organic,
healthy lifestyle. The father (Swiss) works as a freelance graphic designer, partly from his home office.
The mother (French) works part-time in an advertising
agency.
H8 consists of a single father (41 years old), and three boys
(8, 10, and 11 years old) who also live at their Japanese
mother’s place. This Swiss-Japanese family lives in a
flat in the center of the city and we would describe them
as an ‘early adopter’ household, based on the latest technology devices they are using. The father (Swiss) works
as a teacher and has a background in robotics.
H9 consists of parents (40ies), and two boys (7 and 8
years). This Swedish-American family lives in an exclusive apartment in the suburbs with view on the lake.
They have latest technologies in their home. The father
(Swedish) is working in an international company and
the mother (French-American) gives courses in an international business school. The family left the study after
5 months because they moved unexpectedly to another
country. The data for the concluding 5th visit is thus
missing.

We integrated and structured results along the ‘Domestic
Robot Ecology’ framework (DRE) [33]. We did this because
first, the DRE provides a concrete structure to organize our
observations, and second because it makes findings of two
similar studies easy to compare. Through outlining similarities and differences we aim to extend previous work and
contribute to a robust holistic framework of acceptance of
domestic robots. Initially we wanted to develop our own
model of domestic robot adoption. During data analysis and
synthesis we saw that our results mainly support the DRE
framework. This is why in the end we did not build another
model but added data to an existing one. Figure 1 shows an
adapted and simplified visualization of the DRE. It gives an
overview of interactions between a vacuuming robot (pictured in the middle), the related tasks (such as cleaning),
the environmental context of the home (physical and social
space), and the social actors in the household. We use this
simplified version to highlight at which stages of adoption
process the robot impacts which key attributes. The reader
can refer to more details in the original work [33].
The DRE gives a holistic view of the relationships that
robots shape in the home and how these change over time.
On one hand, the framework identifies four temporal stages
of how households accept robots in homes: (1) pre-adoption,
(2) adoption, (3) adaptation, and (4) use/retention (see
Sect. 5). It also describes three key attributes that influence
the interaction experiences across these temporal stages:
physical and social space, social actors, and intended tasks
[33]. Interactions between the robot, the task characteristics
(vacuuming) (Sect. 4.1), environmental context (Sect. 4.2),
and social actors (Sect. 4.3) are described in five relationships: the robot formed relationships as (1) a tool to perform
tasks, (2) an agent that impacts the environment, (3) a mediating factor that motivates people to make changes in the
environment, (4) a mediator that enhances social relationships within the household, and (5) an agent that engages
with people in social events [33].
4.1 Task Characteristics: Cleaning Routine
According to Sung et al.[33], tasks refer to the activity that
the robot is designed to perform (vacuuming and more generally cleaning). Domestic tasks are inter-related and therefore automating one task with a robot may bring changes
to the connected tasks [33]. In the following, we describe
and compare people’s cleaning routine without and with the
robotic vacuum cleaner (robotic VC). This data was collected through the paper-and-pencil diaries and rounded it
out with interviews and day-reconstruction technique [16].
One of our aims was to understand each household’s attitude toward cleaning and cleanliness. We expected the usage and adoption of the robotic VC would be impacted by
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the respective cleaning strategy. Therefore, we tried to categorize households according to the effort spent for cleaning
the house. We are aware that this is a risky step given the
small number of participating households.
Cleaning Strategies Without the Robot Based on people’s
remarks and our observations, we classified households according to their cleaning strategy. We derived the following
four types, based on the motivation that a household has to
keep the home clean, the efforts made and amount of time
spent cleaning:
Spartan cleaners barely notice dirt and do very little about
it. We would describe them as lacking motivation to
clean, and hardly use the few cleaning tools they have
(e.g. vacuuming once in two months). However, they
feel comfortable. Cleaning is not important to them.
(H1 and H8)
Minimalistic cleaners notice dirt around the house which
makes them feel a little uncomfortable (which creates
some intrinsic motivation to clean). They do what is necessary but not more. Vacuuming is done only when they
have time to do so, e.g. once a week or once in two
weeks. Cleanliness is not a priority. (H2 and H3)
Caring cleaners really care to have a clean and nice looking home to show visitors that they have a well working
‘home ecosystem’ (which creates some extrinsic motivation). They like to keep the home clean by vacuuming several times per week and they enjoy the resulting
cleanliness. (H4, H5, and H9)
Manic cleaners almost obsessively clean. They are very
picky, notice every little piece of dirt, and probably constantly feel some pressure to clean or tidy up. Thus, they
constantly engaged in cleaning and these tasks are a priority for them. Vacuuming happens more or less on a
daily basis. (H6 and H7)
This classification of cleaning strategies is not based on
demographic factors but on our observations, interviews,
and the analysis of each households’ cleaning diaries. For
instance, we discussed with people when we found dirty areas in their home and asked them how they felt about it. Interview questions asked whether one constantly felt the need
to clean and tidy up or would be uncomfortable with leaving
unwashed dishes when departing the house, for instance.
Comparison of Cleaning with and without the Robot Vacuuming was generally considered as an “annoying”, “boring”, “time consuming” repetitive task, that needs to be
done over and over again. However, everyone in our sample
described the vacuum cleaner (VC) as an important, indispensable cleaning tool. People didn’t like its noise, its large
size, heaviness, that it looked ugly, and needed to be plugged
in to an electrical socket when used, which is not convenient
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for a device that needs to be moved around manually. Petowning households reported problems with the efficiency of
the VC and some others with storing it. H1 and H4 needed
to attach the VC inside the closet so that it did not fall out.
This made it annoying to get the VC out of the closet and
to put it back in which made it a tool that was not ‘ready
for use’. The 71 year old woman in H2 stored her VC in the
basement, since it was mainly the cleaning lady who used
it. However, when the woman needed it, she had to carry it
upstairs, which was a heavy task for her and thus she tried
to avoid it.
Future developments need to take aspects of how a device is used into account and develop appropriate design solutions. Domestic appliances that are in regular use, such as
the VC, need to be easy to store and handle. Future domestic
robots need to enable an overall positive user experience to
become useful and valuable tools.
How did people in our study keep their homes clean, how
did they use the VC and the robotic VC? In the following,
we describe and compare people’s cleaning routine in terms
of who is cleaning, what, when, where, how, and why [13].
Overall, 634 distinct cleaning tasks were documented in the
cleaning diaries, 193 activities of what involved the robotic
VC, and 65 used the VC.
Who: In most households, there was a clear division of labor
between household members in matters of responsibilities of
specific household tasks. Generally, our findings support the
traditional (gender) roles of housekeeping [25, 27]. Women
were the main housekeepers, independent from whether they
were housewives, working part- or full-time. Women in our
sample carried out 69 % of the reported cleaning activities
and 75 % when only vacuuming is considered. Of the 75 %
of vacuuming sessions, however, 20 % were done by the
cleaning services, and another 10 % by girls and female
teens in the study. Surprisingly, women also turned out to
be the Roomba’s main users (67 % of the n = 178 valid
cases) which was different in results from an online survey
among Roomba users [29]. Asked, why she was Roomba’s
main user the mother in H7 explained: “Roomba is a vacuum cleaner, and since my husband never vacuums it’s only
me using it.” Still, in comparison to the usage of the VC,
men’s proportion for Roomba usage was higher: men carried
out 14 % of all vacuuming with the traditional VC but 23 %
of all Roomba usages. What is notable, is the high proportion of vacuuming that was carried out by children and teens
(21 %) in comparison to their share of all cleaning activities (1 %). In respect to teamwork, generally, when people
cleaned, they did it on their own. Only about 10 % of cleaning happened in collaboration of several people at the same
time. Contrary to Sung et al. [33], in our study, the robotic
VC did not enhance persistent collaborative cleaning. Initial
effects of collaboration with the robot are addressed later
(Sect. 5.2 ‘adoption phase’).
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Fig. 2 An elderly participant reading the robot’s manual (left); a family unpacking their vacuuming robot (center), and an example for adjustments
of the home due to the robot (right)

In respect to people’s age, two elderly people in our study
(62 and 71 years) actively tried to avoid using the VC, due
to its heaviness and their own physical restrictions. They
both appreciated that the Roomba was much smaller and
lighter than their traditional VC. We did not find differences
in the frequency and amount of Roomba usage between elder and younger adults. However, how participants experienced the robot seemed to be affected by age, this was especially linked to usability. Age differences also played a role
in how the robot was approached and used the first time.
Children showed a great fascination for the robot and their
intuitiveness in operating it was surprising. Even infants intuitively managed to switch on the robot and felt rewarded
by the sound the robot makes when starting. Younger children tended to prefer the robot to the VC but teens were not
interested in it and stopped using it after the first try.
Regarding the type of household, we cannot make general statements with a sample size of 9 households. However, analysis of the diary reports suggest that families used
the Roomba more often for cleaning (the robot represented
35 % of the various cleaning tools) than households without
children (19 %). This is in accordance with Sung et al. [29]
who found that households with children expressed significantly greater satisfaction with the Roomba’s performance
than households without children. We did not find differences in the amount and frequency of the robotic VC use in
respect to whether the household benefited from a cleaning
service or had a pet. However, these aspects shaped people’s
expectations of and hopes for the robot.
What: Half of the reported tasks were ‘small things’, such
as cleaning the dishes (or loading the dishwasher) (19 %),
wiping the table (18 %), tiding up something (14 %), or
cleaning up crumbs from the floor (11 %). In addition to that,
23 % of the household tasks concerned the laundry, folding
clothes, or ironing. Surprisingly, overall only about 10 % of
all cleaning tasks involved the VC. During the course of the
study, the proportion of cleaning activities that involved the
VC decreased over time from 17 % before the Roomba was
deployed, to 15 % at two months after the introduction of

the robot, to 8 % after six months. We think that the study itself might have triggered additional vacuuming activities in
the beginning of the study. Similar to the VC usage, the proportion of Roomba usage (among the other cleaning tools
in the household) decreased over time; the robot was used
much more frequently during the first phase.
When: There was a tendency for people to clean more often
on Sundays (18 % of n = 634 cleaning activities). This was
especially true for the usage of the VC (26 % on Sundays).
However, Roomba usage was distributed more equally over
the week with a peak on Wednesday (20 %). This confirms
Sung et al.’s finding that the robotic VC helps people clean
more regularly [33]. Concerning the time of day, participants
carried out most cleaning tasks during the morning (46 %
from 5–11 am), in comparison to 24 % in the afternoon
(1–5:30 pm), and finally 27 % in the evening (6–10:30 pm).
A similar distribution was found for vacuum cleaning as
well as for Roomba usage. Whereas some of the households
had a clear schedule (e.g. Sunday morning after breakfast),
others did cleaning in a more opportunistic fashion when it
was needed or they felt uncomfortable [11]. Most cleaning
activities were related to meals.
On average, people cleaned 26 minutes, however 53 % of
all cleaning activities took in between 1–15 minutes. People
spend a bit longer for vacuuming: usually between 20–30
minutes but still 27 % of the reported vacuuming sessions
took 60 minutes or longer. The amount of time and effort
spent on cleaning differed significantly between the households but was surprisingly unrelated to the amount of dust
that we noticed in each home. In contrast to vacuum cleaning, it was surprising that one third of the n = 141 valid
Roomba usages did not take longer than 15 minutes. This
reflects the fact that people tended to stop the robot manually after a short period of time instead of letting it finish and
return to its charging station itself.
Where: More often than anywhere else in participants’
homes, cleaning took place in the kitchen (58 %), followed
by 11 % in the bathroom, and 10 % in the living room (see
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Table 2 A comparison of where people clean, with the vacuum
cleaner (VC), and with the Roomba; percentages in each column do
not sum to 100 % as not all possible locations are listed
Where

General
cleaning

VC
usage

Roomba
usage

Kitchen

58 %

17 %

35 %

Bathroom

11 %

35 %

2%

Living room

10 %

10 %

28 %

Children room

6%

17 %

17 %

Bedroom

4%

14 %

10 %

Table 2). However, only about 17 % of the vacuuming happened in the kitchen, but 35 % in the bathroom, and another
17 % in the children’s room. Further, the Roomba was used
in the living room (28 %), and the bedroom (10 %). People
avoided using the robotic VC in the bathroom (2 %) which
was the favorite room for the traditional VC (35 %). People
explained to us that they were afraid that there could be wet
spots in the bathroom and the robot could get damaged.
How: In most cases, people vacuumed ‘room-by-room’.
Most participants wanted to use the Roomba similarly to
how they used their VC, which has also been found in a
study on matching a vacuum robot’s path planning to user
expectations [19]. People imagined using the robot in one
room, passing only once over every spot and they expected
the robot to work better than their VC in less time. However,
a father who had a background in robotics (H8) had more
realistic expectations about the robot’s capabilities than the
other participants. Overall, there was no common strategy
for using the robot. As we did not give instructions, we let
people experiment themselves and observed the first usage.
At the later visits, we asked how and why they used the robot
as they did. In H1, H6, and H7 usage strategies changed over
time. It seemed that these households had found their optimal way of using the robot after several attempts whereas
the other households were not willing to spend the effort in
learning how to use the robot in an optimal way and gave up
after some disappointment (see Sect. 5.3).
The four defined categories of cleaning strategies (spartan, minimalistic, caring, manic), served well to explain how
a household cleaned but were not transferable to Roomba
usage. With traditional vacuuming, spartan and minimalistic cleaners planned their vacuuming sessions in advance,
e.g. H1 had a monthly alert on his smart phone to remind
him of vacuuming. In contrast, caring and manic cleaners
vacuumed regularly, more or less on a daily basis. We also
expected that the frequency of Roomba usage would impact
a household’s cleaning strategy. However, this was not the
case. H1, who vacuumed once per month, turned out to use
the robotic VC on a daily basis and put great effort in making
it work well, whereas H7 who vacuumed every day, tried out

the robot a couple of times but then refused to use it. These
and other observations highlight that the robot was used as
an independent tool and differently from a classic VC.
How people cleaned did not seem to be related to whether
they had children or were pet owners. Each household complained about specific problems related to cleaning and used
different strategies to keep efforts as low as possible. For example, H4 lived in a house with garden. To keep the ground
floor clean, they always entered through the garage. Several
households (H2, H4, H6, H7, H9) had a broom or dustpan in
the kitchen to be able to quickly clean up the kitchen floor
without having to get out the VC.
Why: We asked participants why they cleaned in the manner they cleaned, for example they tended to store their VC
in a ‘remote place’ such as the furthest corner of the closet,
despite the fact that it was used regularly. Participants were
not very clear in their answers but mentioned the VC was an
ugly and unpleasant tool that they didn’t like at all and thus
tried to “keep it out of sight”. One participant said: “I don’t
want to see the VC every time I open my closet and be reminded of the need to vacuum.” Another one said: “I need
the VC every single day to clean up around the table. Sure,
it would be easier to have it just right next to the table. But it
wouldn’t look nice. I don’t want my VC or any other cleaning tool to be that present.” We conclude that traditional VCs
would need a lot of improvements to be considered as a more
pleasant tool.
Intermediate Essential: A comparison of cleaning activities shows that people use a robotic VC in a different
way than a classical VC. Both tools are preferred according
to their own characteristics (e.g. suction power, immediate
availability) and the characteristics of the area which needs
to be cleaned (e.g. surface, obstacles). The difference in usage might suggest that a robotic vacuum cleaner might not
a priori be able to replace a traditional vacuum cleaner.
4.2 Environmental Context: Physical and Social Space
In Sung et al.’s DRE, the environmental context of the home,
is understood as the physical, social, as well as technical
space of a home [33]. This comprises the indoor physical
environment (floors, rooms, furniture), the social lifestyle of
the household, as well as the configuration and organization
of technologies in the home. With mobile and ubiquitous
technology in the home, the location of a technology has a
new meaning. The ubiquitous spatial presence [33] of autonomously moving robots impacts upon the broader physical and social space. Previous work suggests that the environmental context of the home is likely to impact on how a
domestic robot is used and experienced [11] as well as vice
versa and our observations generally confirm this.
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Physical Space: Participants expected the robot to work
equally well in the entire house and intended to use it everywhere. However, the physical layout of the home impacted
the robot’s performance. Two households (H3, H7) had door
sills that the robot was not able to pass over. Whereas H7 felt
Roomba’s inability to overcome this obstacle made the robot
less usable, H3 acknowledged that this meant she could easily keep it in the kitchen. Households with stairs in their
home didn’t feel this constrained how they used the vacuuming robot, however, usage data showed that Roomba was
used slightly more often in homes without stairs. Another
aspect that constrained where and how the robot was used
was the location of electrical sockets, as the robot’s charging
station needs to be plugged in so that the robot could automatically go back to it. In three homes there was a lack of
electrical sockets in the living room and in two of them, the
height of the sockets meant that the charging station could
not be placed on the ground because the cable was too short.
This was clearly impractical and it made it difficult to use
the robot in its intended way because it constrained its autonomy. In the end, this negative experience hindered people
in integrating the robot in their cleaning routine.
Regarding different kinds of floors, homes in our sample included parquet floor, tiles, as well as various types
of carpets. The robotic VC worked equally well on each
of the surfaces, however people reported difficulties when
Roomba was moving from tiled or parquet floor to carpet
(the robot dropped dust or even got stuck). This shaped the
experience with the robot and was a crucial factor of acceptance/adoption (see Sect. 6). Not all participants were willing to (re-)move the ‘difficult’ carpets. For instance, an elderly woman (H2) who had Persian carpets was afraid the
robot might leave marks on them and only used the robot in
the kitchen where there was no Persian carpet.
In general, participants found it easier to use the Roomba
in a home characterized by large open spaces and few separating walls. Additionally, participants were positively surprised to see the robot cleaning underneath furniture where
they could not reach with the traditional VC and placed the
Roomba intentionally right in front of the bed or closet. This
shows that the physical layout of the home can also trigger
specific use cases with a robot.

fact that in contrast to a usual VC, Roomba was not hidden
in a closet when not in use but always visible and present.
Further it moved autonomously through the home and some
people found this intruded their privacy. Consequently, they
didn’t like to use it when they were not at home and able
to “observe it”. This however, was not a good solution because the robot’s vacuuming noise was annoying for most
of the people. Only one participant (H2) described she liked
the robot’s noise because it gave the impression it was “actually working” and “doing its job”: “It’s nice when the
Roomba moves around the house making little noises and
talking to me occasionally.” The other participants decided
to use the robot while they were not at home. However, not
everybody felt comfortable about this. Some people had difficulties with having the robot’s charging station visible in
a prominent open space, such as the living room. The living room is a highly social space, where people relax, host
guests and have conversations, it serves to present a specific
lifestyle. People did not want to have either the robot or its
charging station visible in the living room. As the mother in
H9 explained “Still, this is a vacuum cleaner and you don’t
want to have your vacuum cleaner next to your dining table
when you are having dinner or friends are coming over. It
looks too much like work!”

Social Space: How people were using the robot was further
impacted by the social space of the home. Some homes were
characterized by a harmonious arrangement of furniture and
decor objects. The specific lifestyle of H3 made it impossible for the woman to use “something as artificial as a robot”
in her painting room. She explained the robot would not fit
the decor of the room and when she once tried out using it
there she felt that it was disturbing the mood. The robot’s design interfered with the social space of several other homes.
Characteristics of the robotic VC design seemed to be more
important than the classical VC. This could be due to the

People’s Perception of the Robot over Time Participant’s
perception of the robot was assessed using a recurring questionnaire that was integrated in the semi-structured interviews at each household visit. All present family members
were asked to rank the robot on a 7-point Likert scale (1–7)
according to the aspects intelligence, usefulness, ease of use,
fun, attachment, impact and overall impression. The method
was adapted from Sung et al. [30] and Scopelliti et al. used
similar scales [26]. To enhance discussion and keep the situation as natural as possible, participants of the same household were interviewed collectively, thus children were not

4.3 Social actors: The Robot within the Household
According to the ‘Domestic Robot Ecology’, social actors
are the living members in the home, such as householders,
guests, and pets. Sung et al. [33] divide social actors into
‘users’ who interact with robots on a regular basis to complete a task, and ‘non-users’ who do not regularly use but
engage in social activities with this technology. Pets can
be regarded as part of the group of social actors. Social
responses to robots (e.g. anthropomorphism) are, amongst
other things, based on how people perceive and relate to the
robot [7]. To capture people’s perception of the Roomba, we
let them evaluate it in respect to various topics. We were
interested in whether and how people’s perception changed
over time and how far it would be related to individual and
external factors.
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Table 3 Means (M) and standard deviations (SD) for each topic over
five times (T 1–T 5) on a 7-point Likert scale (1–7). Repeated measures
ANOVA with time as within subjects factor, n = 15
Topic

M
SD

Intelligence

Usefulness

Ease of use

Fun

Attachment
Impact

Overall
impression

T1

T2

T3

T4

T5

3.9

4.1

4.2

3.8

3.3

1.6

1.6

1.6

1.7

1.3

4.9

5.2

5.1

4.5

4.2

1.4

1.0

1.2

1.9

1.9

5.6

6.1

6.3

6.3

6.1

1.2

0.6

0.7

0.8

1.0

4.0

4.1

4.6

4.1

4.3

1.6

1.6

1.7

1.6

1.4

F
(4, 56)

p

2.2

0.09

2.6

0.05

2.2

0.08

0.7

0.59

no valid data due to wrong measurement
3.5

4.2

4.0

3.2

2.8

1.6

1.4

1.1

1.3

1.5

5.2

5.2

5.0

4.9

4.5

1.2

1.1

1.2

1.3

1.5

3.4

0.02

1.3

0.30

separated from their parents, and participants evaluated the
robot in front of each other. This could have caused some
biases, which should be kept in mind when interpreting the
data. Participants filled out the questionnaire at five time
points: (T 1) before they had seen the robot, (T 2) right after
they had unpacked and tried out the robot for the first time,
(T 3) two weeks after they had received the robot, (T 4) two
months afterward, and (T 5) after six months living with the
robot. Participants’ ratings were compiled in a spreadsheet,
to one decimal place (two coders agreed on the interpretation of each mark, e.g. if the mark was understood as 5.4
or 5.5). Preliminary results after T 3 have been published already [9]. We used repeated measures ANOVA tests with
time (5 time points) as within-subjects factor. Further, we
defined gender, family code, and adopter group as betweensubjects factors. Gender had two categories (female/male),
family code had nine categories (H1–H9), and adopter group
had three levels (rejecter/user/adopter) according to how far
at the end of the study a household was still using the robot
for cleaning or not. Rejecters didn’t use the robot any more,
users sporadically used it but would not buy it for themselves, whereas adopters integrated the robot in their routine
and could not imagine living without it. In general, the results of these statistical analysis are not strong, since only a
small number of valid ratings (n = 15) were considered (Table 3). For this reason, we could also not statistically analyze
age differences.
Overall, there was a ‘positive’ peak for most of the ratings
at T 2, right after participants used the robotic VC for the
first time. This suggests that the sample had a rather positive

experience when trying out the robot and most of the expectations (T 1) were initially met (or even exceeded). However,
most ratings became less positive after six months with the
robot, with slight variations during the study. In more detail:
Perceived Intelligence: Overall on a scale from 1–7, participants rated the robot as ‘somewhat intelligent’ (values
from 3.3–4.2) but were not really convinced about it being
smart. The rating did not change significantly over time (see
Table 3). Interestingly, at all five time points, male participants rated the robot as more intelligent (average 4.5) than
females (average 3.4), however, this difference was not significant. When asked why they thought Roomba possessed
intelligence, men more often referred to its abilities to detect
obstacles and stairs, and being able to recharge itself. Contrary, women referred to its rather limited vacuuming function and found it not as intelligent because “It doesn’t see
where the dirt is, it sometimes leaves it, it can’t be smart!”.
There was no significant difference between adopter groups
(F (2, 12) = 0.2, p = .79), however, adopters rated the robot
more intelligent at each time point.
Perceived Usefulness: Participants rated the functional
robot as quite useful (values from 4.2–5.2), however, values
decreased significantly over time. Women rated the robot
less useful (average 4.4) than men (average 5.2) (difference not significant.) This again was due to the fact that
women (as the main users) evaluated the robot’s vacuuming power whereas men regarded more generally that the
robot could help cleaning and would thus be a useful device.
A significant difference was found for the adopter groups
(F (2, 12) = 6.7, p = .01): adopters rated Roomba significantly more useful (average 6.1) than users (average 4.6),
and rejecters (average 3.9). This observed difference is in
accordance with models of the adoption of technology [22,
37] and acceptance of robots [14].
Perceived Ease of Use: People found the robot very easy
to use (values from 5.6–6.3) and the only thing they would
change about it, was how one had to empty the dust bin. Still
some participants had difficulties in using the infrared walls,
that come with some Roomba models, and especially the elder participants did not know how to assemble the charging station. There was no significant gender difference in
the perceived ease of use, however, data suggests that with
growing experience, especially women rated the robot as
even easier to use (contrary, men rated the robot less usable
in the end of the study, probably because they had not gained
much experience with it). Accordingly, adopters rated the
robot significantly easier to use (average 6.7) than rejecters
(average 5.9) (F (2, 12) = 4.6, p = .03). This confirms again
traditional models of technology adoption and acceptance of
robots [22, 37] and acceptance of robots [14].
Experienced Fun: Participants rated the robot as ‘somewhat fun’ (values from 4.0–4.6). Again, there was a qual-
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itative gender difference (not significant), in the sense that
the experienced fun remained quite stable for male participants, whereas it tended to decrease for female participants.
Males described the robot more as a ‘fun gadget’ than females, who referred to it as “In the end, Roomba is a cleaning tool and it is not really fun to use it.”. In respect of the
three adopter groups, there was no significant difference for
the ratings (F (2, 12) = 0.3, p = .73), however, at each time
asked, adopters rated having experienced more fun (average
4.5) than rejecters (average 3.9).
Emotional Attachment: The ratings for people’s emotional
attachment are unfortunately not consistent because we discovered they were strongly related with the respective instructor who conducted the interview process. The two instructors described ‘attachment’ in an inconsistent way during the study and at different households. Because of this we
cannot use the data for attachment for this study.
Perceived Impact on the Household: Participants estimated the robot’s impact on the household significantly different at different points of time. While in the beginning at
T 2 (right after first usage) and T 3 (after two weeks), people believed Roomba could maybe change something in the
household, after two and six months (T 4 and T 5) they more
or less lost their initial hope the robot could evoke some
changes. There was a significant difference for perceived
impact of the robot between adopter groups (F (2, 12) = 5.4,
p = .02). Adopters rated the robot’s impact higher (average
4.6) than users (average 3.7), and rejecters (average 2.9).
Overall Impression: People’s expectations before they
used the robot (T 1) were quite high (5.2, on a scale from
1–7 with 7 as the most positive) and though not significant,
men expected even more (5.7) than women (4.8). However,
with time, participant’s overall impression constantly got
worse, even though with an average rating of 4.5 in the end it
was still rather positive. The three adopter groups rated their
overall impression significantly different (F (2, 12) = 23.3,
p ≤ .05): adopters (average 6.2), users (average 4.5), rejecters (average 3.8). Interestingly, before they had seen the
robot, the later adopters had the lowest expectations (4.5),
whereas rejecters had the highest (5.7). We could interpret,
that those with the highest expectations had a rather negative
first experience since the robot probably did not meet their
expectations, while those who expected less were maybe
positively surprised.
Social Activities with Roomba The robot, even though
functional, created some few social dynamics that had implications also on the participant’s social life in general. It
has already been described that domestic robots can serve
as socially interactive agents [10, 28]. In our study, people
also engaged in social activities with the robot, however,
we would like to stress, that these social dynamics were
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quite rare and not persistant. For example, previous work
described people gave a name to their vacuuming robot and
liked to customize it [28, 32]. However, we did not observe
any activity of customizing the robot and only one woman
(H3) gave a name to her robot (“Elvis”) which seemed to
be more for fun than actually reflecting a kind of social attachment to the robot. We think that no participant perceived
the robot as a social agent, as it is suggested in the DRE
framework [33].
A similar rather weak social interaction that only occurred during the stage of initial adoption was collaborative
cleaning. This finding is in contrast to Sung et al.’s conclusion that the robot would have the social impact of “making
cleaning a concern for everyone in the household” [11, 33].
As described earlier, the robot was not able to encourage in
a long term way household members to clean who did not
clean before. Only in the very beginning did people assist
the robot in cleaning (notably children). Children collected
crumbs and put them right in front of the robot, they put up
the bathroom carpet or chairs that hindered the robot from
passing through (Fig. 7 center part). This immediate activity was observed in all families with younger children but
also in the elderly single woman initially started collecting
dust while the robot was vacuuming. She explained that she
didn’t want to see the robot working on its own and would
feel bad when she didn’t at least help him a little. However,
she stopped using the robot completely after about 3 months.
Another immediate activity that the robot encouraged
particularly children to do was to build walls out of obstacles and furniture to prevent the robot from going somewhere where they didn’t want it to go or to keep it somewhere. However, people also stopped this activity soon.
Children up to the age of about six years kept on putting
toys on top of the robot or offered their stuffed animal a ride.
The positive impact of children and pets on the experiences
with Roomba has already been described by [29]. Younger
children interacted with the robot physically (Fig. 7 left part)
and emotionally by playing and experimenting with it. For
example, they let it bump into parts of their body, carried it
around, and arranged objects as a circuit or labyrinth for the
robot. Some children (mostly boys) made the robot part of
their games and plays, e.g. they let it make a footrace with
the baby that just learned to crawl or played hide and seek
with the robot. Some also found creative ways of integrating
it in their games with and without other toys: Roomba as a
shark and the sofa as the boat where one is safe; Roomba
as a spaceship with lasers. The pets in our study reacted
in different ways to the robot. Though the pets were curious
(Fig. 7 right part), two cats and one dog were afraid, one dog
tried to bite the robot and only H3 derived fun from watching their two cats’ playing with it. Dogs barked at Roomba
(H5) when it was vacuuming or anxiously hid behind the
owner’s feet (H2).
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Nevertheless, the robot also served as a mediator for social interactions with persons who did not belong to the
household, such as work colleagues or guests. During the
first weeks, when participants hosted guests, they showed
the robot and gave demonstrations. This enhanced discussion or served as entertainment. Especially male participants
described they liked to show their friends the “fancy new
robot” they had in their home. Female participants rather
liked to receive feedback from their friends which is described a usual activity in the process of adopting innovative technology [22]. One participant (H1) reported the
robot would have helped him to socialize at his workplace
as colleagues were asking him for news about the robot and
his experiences. Also within a household, Roomba and the
fact of taking part in the study triggered discussions about
future technologies, robotics, cleanliness, and the cleaning
routine. It seemed to create an awareness of the otherwise
rather unnoticed routine of cleaning of things lying around.
Most people reported Roomba made them more aware of
their clutter and encouraged them to tidy up.
We found the most interesting social relationship to the
robot with a 71 years old single woman who lived with a
dog and two tortoises. She was socially active and regularly
met friends. Her dog seemed to be one important social interaction partner and she talked directly to it as if it were
a human and treated it in quite human-like ways (anthropomorphism). When she saw and tried out the robotic VC,
she compared it to her dog and told us (after hesitation) she
would feel emotionally attached to the robot. Though she
did not give it a name, she talked directly to it and cared for
it more than one would have to ‘care’ for an object that can
be switched off. For instance, she phoned us because she felt
her Roomba could lack attention during the time she wanted
to go on holidays, and asked us whether she should give it
to her neighbor so that it would still be in use. For her, the
robot seemed to be a companion and she confirmed this several times.

5 Adoption Process
Concerning temporal stages of adoption, our study generally
supports Rogers’ ‘Diffusion of Innovation’ [22] as well as
Sung et al.’s ‘Domestic Robot Ecology’ (DRE) framework
[33]. In the following, we integrate the qualitative observations from our 6-month study into the latter initial framework of domestic robot adoption. This step of analysis is a
second main contribution of our work. We are able to outline major similarities and some qualitative differences in
how households in Sung et al.’s study and our study adopted
(or rejected) their vacuum cleaning robot. This is an important finding, as the two studies have been conducted with
different models of the robot and in a different cultural region. Consequently, it shows that the DRE, though still an
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Fig. 3 Pre-adoption stage: main interaction between the robot (in the
middle) and the key attributes are highlighted with a bold arrow; people
expect the robot to work as a tool that performs vacuuming (robot impacts related task); people expect the robot to improve the cleanliness
of the home (robot impacts environment); inspired from [33]

initial framework, can in a sufficiently robust way describe
the process of adopting a domestic service robot.
According to the four temporal steps described in Sung
et al.’s DRE, our findings are structured as follows:
1.
2.
3.
4.

Pre-adoption: Forming expectations
(Initial) Adoption: Getting the first impressions
Learn/Adaptation: Learning affordances and limitations
Use and Retention: Routine practice and maintenance

We observed different durations for these four steps for
different households. It seemed that some households already formed a strong initial decision to adopt or reject the
robot right after the first tryout while others seemed undecided for about two months or even longer. In general, most
things happened during the first two weeks and two months
but only few dynamics have been observed during the last
four months. In the following, we describe how each of the
adoption phases was characterized in our study.
5.1 Pre-adoption
Pre-adoption (see Fig. 3) refers to a phase that is temporally before the purchase of the system (in our study, this
is the period from when we confirmed to a household the
participation in the study until the second visit, when we
brought the robot with us). Rogers describes this phase involving two steps: knowledge and persuasion [22]. In this
phase, people learn that there exist domestic vacuum cleaning robots and gain some understanding and first knowledge
of it. People form expectations and attitudes towards vacuuming robots, e.g. they expect the robot to work as a tool
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that performs vacuuming (see Fig. 3 bold arrow, robot impacts related task), and how it might improve the cleanliness
of the home, thus the robot impacts the environment (see
Fig. 3 bold arrow). These are the main interactions occurring in the pre-adoption stage. People’s expectations formed
during this stage can have a strong impact on their initial
reaction to it and powerfully shape the experience [11]. Our
participants had very different expectations about robots and
the Roomba, in particular. The assumptions that they made
about possible robot functions were based on previous experience with robots (when available), on articles they read
about robots in journals or newspaper (mostly about industrial robots, robot toys or technical aspects), or on media
(science-fiction, novels). Participants with a lower affinity
for technology had more difficulties in describing their expectations about the robot. However, generally, people’s uncertainty about what domestic robots are capable of and the
lack of experience with robots, created skepticism. People
were not at all sure what they should expect of a vacuum
cleaning robot. Participants were curious to try out ‘a robot’
in their home, also the elder participants. Some participants
already thought about trying out a robotic VC before because they had heard about it but the financial barrier was
too high to just purchase one without really knowing what
it would be able to do. Non of the households had tried
out a Roomba before but two families had had experiences
with other robots (LEGO mindstorms (H9), lawn-mowing
robot(H6)). When using Roomba the first time, children
in H6 thought then it was going to cut the carpet’s ‘hair’.
How powerfully expectations can shape the initial experience with a device can also be illustrated with the reaction
of a 8 years old girl in H4. After having unpacked, set up and
switched on the robot, she folded her arms, looked down and
went upstairs to her room. We later asked her what had happened and she explained she was sad because she expected
the robot to have arms, and a head and be more human-like.
Most participants expected the robot to be bigger but less
noisy as it actually was. All hoped Roomba would make
their home cleaner and take over some part of the vacuuming
(or replace the VC). Participants wished vacuuming would
become less cumbersome, they could save time and do other
things while the robot was vacuuming (multitasking). Especially pet owners wanted to decrease the amount of pet hair.
Households with children had concerns whether the robot
could work properly due to the children toys on the floor and
the expected fascination the robot would have for the children. Parents also hoped the robot could motivate the family
members to tidy up. Two parents wanted to use Roomba to
introduce robotics to their children because they believed
robots would be part of the future and the children should
get in touch with this. Mothers of younger children were
concerned about the robot might attract too much the child’s
attention and it could be a harm for the infant or contrary the
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Fig. 4 In the initial adoption stage: people watch and observe the robot
(social actors relate to the robot); the robot makes people talking about
it and evokes an impression (robot impacts social actors); the robot encourages people to make changes to the environment (dashed arrow);
inspired from [33]

robot might get damaged when the child would play with it.
Elder participants were much more concerned about the usability of the robot and were more hesitant when using it the
first time. Expected challenges were mostly that the robot
would not clean well, e.g. in corners or around the table and
some were also afraid the robot could fall down stairs, leave
marks on the floor or bump heavily into furniture.
5.2 Initial Adoption
The initial adoption phase describes people’s first impressions and initial reactions to the robot and includes the first
interactions with Roomba (see Fig. 4). In this stage, main effects included people watching the robot (see Fig. 4, bold arrow) and also, the robot evoking an impression in the social
actors (see Fig. 4, bold arrow). Additionally, we observed
participants making changes to the environment (see Fig. 4,
dashed bold arrow) encouraged by the robot.
How did participants approach the robot and interact with
it during the first usage? We structured each household’s
initial use of the robot in several steps. A comparison revealed common stops and differences in how the robot was
approached. Two families opened the packaging and assembled the parts collectively (H5, H6). In contrast to this in
other families there was one person who gave instructions
from the manual while the others were sticking parts together (H4, H7). In two households the parents were passively watching how the children unpacked and set up the
robot (H8, H9). Not all households had a look at the manual: some immediately pushed the start button after having
unpacked the robot, some read all or some parts of the manual before switching it on (Fig. 2 left and center part), and
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some asked questions to the passively observing researcher.
What all households did (most before switching the robot
on) was that they checked its parts and tried to find out how
it actually worked: people turned the robot around, touched
the brushes and wheels and discovered the sensors and front
bumper. Some made a couple of adjustments to the space, to
ensure the robot would not damage something or get damaged, e.g. they put away cables or a sheet of paper that was
lying on the floor, or pushed chairs aside. After this phase
of quick preparation which took between 1–20 minutes (but
was skipped by some households) participants pressed the
‘clean button’ to switch on the robot (we charged its batteries first). When the robot started to move, most participants stepped back and some children started screaming and
jumping around. In all households the robot was carefully
observed and verbal comments were made on its abilities
(“Oh! It slows down in front of an obstacle!”) or in hope
to guide it around (“But go over there then, there are still
some crumbs!”). While the robot was running, some of the
households had to solve further issues (calm down the dog,
push away delicate objects) or were looking for more information (in the manual or online). In all households, participants discovered the robot, interacted with it and tested
how it would react to some disturbance, for instance. The
first time the robot was touched while it was moving, people let it bump into their foot and just after they were sure
that nothing bad would happen, they also kneed and touched
it with their hands. People picked up the robot while it was
moving to see what would happen, and some even put it
on a table to see whether it would fall down when it approached the rim. All these little experiments helped people
to gain knowledge about how the robot was working and
to form an initial decision. Overall, these first interactions
with the robot revealed a lot about social roles, responsibilities, the household’s process of introducing new products in
the home, and their attitude towards the Roomba. Nevertheless, people’s initial reaction to the robot remained difficult
to capture. Though it was already the second visit at each
household, we had the impression that some participants felt
a bit uncomfortable and might have behaved unnaturally due
to the observer. Above all, children’s naturalness in discovering the robot was notable. Most reacted with great enthusiasm for the moving thing but little infants were also afraid
and started crying or wanted to be back on the mother’s arm.
However, it has already been described that the first phase
with a new product is shaped by novelty effects [8, 18, 22,
30]. Novelty effects are the first responses to an artifact and
characterized through high levels of attention and interest,
and increased usage. In respect to domestic robots, Sung
suggests that strong effects can be observed within the first
two weeks with a robot and that after about two months usage beyond novelty effects can be observed [30]. Our study
confirms this suggestion. How people used and described
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Fig. 5 In the learn and adaptation stage: people’s attitude towards the
robot impacts how much they try it out (social actors relate to the
robot); the robot entertains and makes people giving demonstrations
for guests (robot impacts social actors); the robot encourages people
to make lasting changes to the environment (dashed arrow); the environmental context impacts how the robot is tried out (environment
impacts robot); people need to maintain the robot which impacts its
performance (related tasks impact robot); inspired from [33]

the robot during the first two weeks was shaped by its novelty. It was seen as a ‘fancy new device’, shown to other
people, and tried out in a variety of ways. When visiting the
households after they lived with the robot for two weeks,
most of them still described a fascination for it, used it frequently and assessed its limitations. This changed after two
months. The majority of the households decreased their frequency of Roomba usage, and described it as “just another
cleaning tool”. After six months, two households (H7, H8)
had completely stopped using the robot (‘rejecters’), four
households (H2, H3, H4, H9) used it sporadically but could
not really take advantage of it and would not buy it (‘users’),
and three households (H1, H5, H6) had integrated the robot
in their cleaning routine (‘adopters’).
5.3 Learn and Adaptation
According to Sung et al. during the learn and adaptation
period (see Fig. 5), people try to learn more about the artifact by experimenting with complexity in use and compatibility with the current environment, and make necessary
changes to better incorporate the device [33]. Through this
stage, which Rongers [22] labels ‘implementation’, people
determine whether they will accept or reject further use. The
main interaction effects during this stage are highlighted in
Fig. 5. In addition to the mutual interactions between the social actors and the robot (which had already occurred in the
previous stage), now as experimenting how the robot works
begins, ‘cleaning’ (as ‘related task’) and the physical and

404

social context of the home (‘environmental context’) have a
direct impact on the robot (bold arrows in Fig. 5.
Interestingly, as already described in [29, 32, 33], the
robot encouraged people to make a variety of adjustments to
their home (mostly during the first two weeks of the study).
For example, people put away obstacles (wires, cables, toys,
decoration, etc.), moved furniture (e.g. so that the robot was
able to pass in between two shelves), and tidied up. One
family (H5) also bought covers for the cables of the TV and
play console and took quite some time to assemble them in
the living room. The mother said the cables had annoyed
her for a long time already, especially when vacuuming but
that the robot motivated her to actually make this adjustment. A similar statement came from the woman in H2, who
kept stacks of magazines and newspapers for more than two
years in the living room: “I felt so sorry for the robot when
it bumped into the stack again and again that I just had
to put it away. Actually, I was thinking of tidying them up
before but never found it was urgent. Now I am happy it’s
out of my view. I have more space now.” The robotic VC
had a strong impact on the physical environment of people’s
homes (‘mediating factor’), more than a usual VC and triggered activities to adjust that environment. Another solution
to make the apartment ‘Roomba safe’ was to adjust things
every time right before the robot was used. The whole six
months during the study, when H1 was using the robot, he
placed the coffee table on the sofa and put away the chairs
(Fig. 2 right part). During the first days it happened quite
often that when he came back home after work he found
the robot stuck somewhere. He learned what had caused
the error and fixed the specific aspect. After one week he
had made his flat ‘Roomba-safe’ and was happy that he did
not have to vacuum manually anymore. H7 wanted to let
Roomba vacuum the ground floor during night, when they
were sleeping upstairs. This would have solved the problem
of having the children interacting to much with robot while
it was “doing its job”. However, the robot was too noisy
and woke up the parents. The family changed their strategy
to switching on the robot during the day before leaving to
go for a walk or play in the garden. However, some households were not willing to engage in the effort of learning
how to optimally use the robot and their process of adoption
stopped in this stage. Consequently, they decided to not use
the robot any longer.
5.4 Use and Retention
This step indicates the period when people begin to show
a routine with the robot and seek to confirm its ‘existence’ in the household (see Fig. 6). In other words, the
user “seeks reinforcement of an innovation-decision that
has already been made, but the individual may reverse this
previous decision if exposed to conflicting messages about
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Fig. 6 In the use and retention stage: the robot is used as a tool to
vacuum (robot impacts related tasks); people need to maintain the
robot (related tasks impact robot); the robot vacuums regularly and
thus changes the environment (robot impacts environment); however:
people stopped making changes to the environment and as it has become optimal, it does not impact anymore how the robot is used; people stopped giving robot demonstrations and do not relate socially to it
anymore but view it as an everyday tool; inspired from [33]

the innovation” [22]. The main interaction that occurs during this stage is related to how far the robot improves the
state of cleanliness in the home (see Fig. 6, bold arrow
to environmental context). As the robot is now regularly
used as a tool to clean, it has a strong impact on the related task.Contrary, how well people maintain the robot impacts how well it can work (see Fig. 6, bold arrows related
tasks).
For the three households that adopted the robot, this
phase began after about two months. Different use cases had
already been tried out by then and the optimal way of using
the robot was found. Participants then stuck to their strategy
and it became more or less a routine to run Roomba every
morning when leaving the home (H1, H5), and/or additionally after meals, when leaving with the children or before
going to sleep (H5, H6). In H6 it had become a routine that
the father emptied Roomba’s dust bin in the evening so that
the mother could use it again the next day. During this stage,
Roomba was not perceived as a ‘fancy new robot’ anymore
but as ‘just another cleaning tool’. Depending on the adopter
group (adopter, user, or rejecter) in the use and retention
stage, households were either able to confirm the positive
impact that the robot had as a cleaning tool (H1, H5, H6), or
were still not sure about its value as an additional vacuum
cleaner but used it occasionally (H2, H3, H4, H9), or had
not even tried to use it again after the initial disappointment
(H7, H8). It was interesting that four of the households had
not formed a clear decision during the six months. When
asked whether these sporadic users would buy a Roomba,
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Fig. 7 Children touched the moving robot first with their feet and then with hands (left); an example of initial assistance with cleaning, a boy
picking up the carpet to allow the robot to go everywhere (center); a cat exploring the opened robot (right)

they all answered “no”, however, all of them wanted to keep
the robot though.

6 Implications
In this section, we suggest seven implications that we derived from our observations and participant’s feedback.
These seven implications are adapted to functional domestic
service robots but also match most of the factors that are described in traditional theories for the adoption of technology
[6, 22, 37]. We hope these suggestions can help developers
to go one step toward acceptable, long-term HRI and can
provide them useful insights into human factors and user
needs for a vacuum cleaning robot in people’s homes.
Practical Utility/Usefulness: One of the probably most important aspect is the practical utility (usefulness, Rogers: relative advantage) of a domestic robot. Perceived usefulness is
defined as the degree to which a person believes that using
a particular technology will enhance the respective task (or
daily life in general).This includes decreasing the time for
doing the task, more efficiency, and accuracy. The majority
of households (6 out of 9) did not perceive the robot as useful, as they didn’t feel their home became cleaner or they
could save some time (Rogers: observable results).
Physical Space/Environmental Context: As already described, some physical layouts constrain the way a vacuum
cleaning robot can work and navigate around. Tiny rooms
with a lot of corners and homes with door sills are not suitable for Roomba, as it decreases its efficiency or can make
it impossible for it to move around autonomously. Besides
this, households generally didn’t like to make adjustments
to their home to enable the robot to work. For people living alone it seemed easier to adjust the space but as soon as
several people share one place changes are not made easily
and it would cause some effort to get everybody’s agreement
(e.g. to put the problematic carpet away).

Ease of Use/Learn how to use Device: Perceived ease of
use refers to the degree to which a person believes that using
a particular technology will be free of effort. It includes the
expected effort required to utilize the system and the effort
of using it (Rogers: Simplicity). It has been described that a
huge performance benefit can outweigh the effort that users
expect to spend [6]. Though the robot was fairly ease to use,
it required to learn how to optimally use it, namely by just
letting it do its job without big interventions from the user
side. The difficulty for most participants was to overcome
their expectation that the robot would vacuum more efficient
than their traditional vacuum cleaner in even less time. The
robot needs to be used in a different way than a usual vacuum cleaner but not everybody was willing to learn how to
use it.
Compatibility with Habits/Routine: Another huge barrier
when it comes to integrating a robot into a daily routine is
the aspect of its compatibility with a person’s beliefs and
attitudes in respect to the context of the system. Cleaning
routines are based on personal beliefs and attitudes towards
cleaning and cleanliness. These are subjective judgments
and certainly not easy to consider in the design process
of domestic service robots. However, how a person understands herself and her environment impacts how a robot is
used and accepted or rejected. One participant believed no
one could do the cleaning as efficient and properly as herself
and thus she did not accept any help with it, neither from her
husband, nor from a cleaning service, nor from a robot. The
robot was simply not compatible with her personal beliefs.
(Rogers: compatibility with existing values and practices).
Personal Value/Attachment/Reliability: Some devices in
a home might not be very practical or even hard to use, however, they find their place as they hold a great personal value
(e.g. evoke attachment). The elderly woman in H2 could not
derive much practical utility from the robot and she also was
afraid of doing something wrong with it. However, she liked
to keep it because she simply “liked” it, when it was moving and required her ‘help’ when it was tangled up in the
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carpet. Closely related to this kind of attachment is reliability which plays an important role in HRI. When people
did not trust/rely on the robot, they didn’t want to leave the
room/home when the robot was switched on. However, this
does not meet the robot’s intended way of use.
Social Compatibility/Subjective Norm: According to [39]
the subjective norm is a person’s belief that most of her important others think she should (or should not) perform the
behavior in question (e.g. using a vacuuming robot). H1’s
work colleagues usually did not talk much to him but suddenly showed interest in his new robot, which triggered conversations and even led H1 to invite some other colleagues
to his place to give him/her a robot demo. This encouraged
H1 to keep on using the robotic VC, as he experienced a
positive social impact.
Economical Compatibility/Financial Benefits: Last but
not least, a domestic appliance needs to be affordable. Not
only its shelf price but also the financial costs for maintenance are taken into account. Roomba requires new brushes
fairly often when used daily. As we gave the robot for free
to our participants they did not have this financial barrier but
all of them measured the gained benefits to the expenses it
consumed. An important aspect also in respect to the environmental responsibility concerns the energy consumption
of the robot. People do not easily accept to leave a device
plugged in all the time as costs for electricity constantly increase. A study on electricity consumption and cleaning efficiency can be found in [34].
Another important aspect in making the decision upon
adopting a domestic service robot is the possibility of trying it out without having significant negative implications
(financial costs, e.g.). Rogers refers to this as ‘trialability’
[22] and we think that especially with innovative robotic
technologies for the home, this is a crucial factor, as it can
decrease people’s uncertainty with (domestic) robots.

7 Conclusions
We described in detail mainly qualitative observations from
a 6-month long ethnographic study with nine households in
which we deployed a vacuum cleaning robot. The results
along with the implication that we can draw from our study
are, however, limited. This is mainly due to the very small
sample size. Further, the households were using two different models of Roomba, which might impact have an impact. Despite these limitations, our qualitative descriptions
can contribute to an understanding of Human-Robot Interaction in the real world. Our study also adds new and rich
examples from households around Lausanne in Switzerland
to Sung et al.’s ‘Domestic Robot Ecology’, which is based
on data from the US. This addition helps it become a more
robust framework in the domain and a useful tool for others.
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To conclude, we would like to highlight some key aspects about living with a functional robot at home. We were
surprised to find that only three out of the nine households
adopted the robot in a durable way though we recruited only
households that were generally interested in a vacuum cleaning robot. At this moment, we believe that, as soon as robots
and humans are sharing the same space, they need to adapt
to each other to be a good match: People need to learn how
to use a robot in an effective way, by building trust in it and
by letting it do its intended task. This of course requires that
the robot is an acceptable agent that meets moral and ethical
standards, is safe and trust-able. Several key aspects for domestic service robots and the acceptance of domestic robots,
that we found through our study can be summarized as follows:
People are curious to try out a robot in their home.
People of all ages are generally open to trying out a functional robot in their home, as long as they don’t have
to expect a risk. Their understanding of what domestic
functional robots are able to do and how they can be used
is not very clear and people’s expectations are still based
on media. The lack of previous experience with a robotic
system creates uncertainty but also curiosity.
Cleaning strategies are deeply rooted habits.
How people clean is something very private and seems
to be based on personal convictions. Though different strategies of cleaning and attitudes toward cleanliness did not determine whether the cleaning robot was
adopted, some personal convictions are not compatible
with having a robot doing part of the domestic labor.
A robot does not profoundly change cleaning roles.
A robotic VC does not change well defined cleaning
roles in a household, thus, when the mother has been
the main responsible for vacuuming, the father will not
suddenly engage lastingly in vacuuming with the robot.
Men liked the robot more for its symbolic value while
women appreciated its function to work as a vacuum
cleaner.
Roomba is not a replacement of the vacuum cleaner.
A vacuum cleaning robot does not (yet) replace the traditional VC. However, it can reduce the amount of vacuuming sessions and helps people to keep their homes
clean. [35]
Beliefs are more important than the environment.
The environmental context of the home certainly plays
a role in how a robot is and can be used and further impacts the process of adoption of a domestic robot. However, personal attitudes and underlying household rules
are even more important and first of all a robot needs to
be practical in the eye of the user.
Roomba is not perceived as a robot but as a tool.
People’s general attitude towards robots and robotics
does not seem to change when using a simple functional
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robot such as Roomba. However, the experience broadened most people’s mind and more importantly, how
the robot appeared changed qualitatively over time from
‘fancy new robot’ to ‘just another cleaning tool’. This
confirms the existence of novelty effects and their strong
effects on human-robot interaction and perception which
both are likely to change over time and with growing
experience with the system. After novelty effects have
worn off, Roomba was not perceived as a robot but as a
tool.
The social impact of functional robots is overestimated.
People tend to basically anthropomorphize even a simple functional robot, by talking to it directly or by using
communication traits that are comparable when relating to a pet or other human. However, the phenomenon
wears off when people become familiar with the robot.
The social impact of a vacuum cleaning robot seems to
be overestimated. Apart from children and one single elderly woman, people did not view or treat the robot as a
social agent.
We hope that more long-term studies on HRI and the
adoption of robots in domestic spaces will be carried out,
so that in the future meaningful robotic solutions will be acceptable as everyday objects.
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