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Abstract. The study presented in this paper examined people’s perception of
domestic service robots by means of an ethnographic study. We investigated initial reactions of nine households who lived with a Roomba vacuum cleaner robot over a two week period. To explore people’s attitude and how it changed
over time, we used a recurring questionnaire that was filled at three different
times, integrated in 18 semi-structured qualitative interviews. Our findings suggest that being part of a specific household has an impact how each individual
household member perceives the robot. We interpret that, even though individual experiences with the robot might differ from one other, a household shares a
specific opinion about the robot. Moreover our findings also indicate that how
people perceived Roomba did not change drastically over the two week period.
Keywords: attitudes towards robots, domestic service robots, human-robot
interaction.

1

Introduction

Within the last years several service robots for personal and domestic use, such as
vacuum cleaning robots, lawn mowing robots and toy robots have been introduced
into the mass market. The number of domestic service robots deployed in homes increases constantly but lags behind early estimations. According to Bill Gates’ article
“A robot in every home”, it seems that for the personal service robot industry, a similar scenario is going on as we had for the computer business 30 years ago [1]. On the
one hand, there is a lack of common standards and platforms, so that robot developers
usually have to start from scratch when building new robotic devices. On the other
hand, when developing robots for domestic use, we cannot deny social implications of
human-robot interaction, human behavior and people’s expectations. It has been
shown that social aspects play a crucial role in technology adoption [2] and that
people tend to perceive artifacts showing intentional behavior as characters or even
creatures [3]. The tendency to anthropomorphize nonhuman agents also holds for
technical tools or robots that seem to lack capabilities of having social interaction [4].
An ethnographic study conducted by Forlizzi et al. revealed that a vacuum cleaning
robot in contrast to a traditional vacuum cleaner deployed in the home changed
people’s cleaning activities and how they used other tools [5]. However, still little is
known about how people actually use domestic service robots and how they react to
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them. The majority of literature on human-robot interaction in this area is of technical
nature. But if we aim to develop and introduce into homes human-oriented robots that
perform tasks for people in their everyday environment and safely co-exist with them,
we need to understand not only technological affordances but also social aspects of
human-robot interaction. In addition to more general issues about how people perceive domestic robots, questions arise about how people, children, the elderly and pets
react to a robot in the home, what different kinds of difficulties they face, how they
explore the robot and whether and how they integrate it into their daily life.
To address these questions, we gave a vacuum cleaning robot to nine households
and followed people’s experiences with the robot over two weeks. We decided to use
iRobot’s™ Roomba vacuum cleaning robot to study people’s perception of it in
homes because it has been available as a consumer product for several years. The
robot is fully developed, quite robust and financially affordable. Surprisingly enough,
even though, according to iRobot™, about 6 million units have been sold already, yet
little is known about how people accept it. However, we argue that, acceptance of a
domestic robot is not only related to the individual perspective but also to a certain
‘household perspective’ (e.g. a ‘family perspective’, such as shared values and beliefs). Thus we claim that, being member of a specific household (e.g. a family or a
couple living together) could influence the acceptance and how people perceive the
service robot in their home. To verify this, we analyzed people’s attitudes and their
reactions to the robot not only on an individual but also on a household level. A holistic view that regards people not only as users but rather as social actors within the
ecology of their home will help to understand human-robot interaction in domestic
settings [5, 6, 7]. We explored people’s perceptions and examined how their reactions
evolved. We visited each of the nine household twice, which made in total 18 semistructured interviews. We collected quantitative data in form of a questionnaire with
rating scales filled out by all household members (n=26) as well as qualitative data
through interview conversations, home tours and on-site observations.

2

Related Work

In this part, we situate our project with respect to related work that studied the acceptance of technology and human-robot interaction in domestic spaces. Some studies
have been carried out that focused on user needs for (future) domestic robots [8, 9].
Participants of Scopelliti’s study did not have a clear idea about what a future domestic robot could be or do in the household but rather responses seemed to emerge from
science fiction movies or novels about robots [8]. The authors report some significant
gender and age differences in the perception of domestic robots, for instance, in terms
of confidence in the capabilities of robots, emotional reactions to a domestic robot,
preferred characteristics and interaction modalities of robots. Based on the assessment
of user needs, Sung et al. gave several suggestions in terms of design, namely that a
domestic robot needs to provide a certain amount of human control, be compatible
with the user’s domestic environment, and take gender into consideration. In terms of
social relation to the device, participants preferred a friendly designed robot that
would act as a professional butler but not as a friend. Dautenhahn reported a similar
finding and stated that people want to view their home robots as machines, assistants
and servants, performing various tasks [10].
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Several researchers studied social relationships to home technologies and domestic
robots, such as intimacy, affective quality, and emotional attachment as well as their
role during the process of adoption [11, 2]. Social effects of technology adoption
have been described as ‘intimacy in computing’ [3] or ‘intimate ubiquitous computing’ [12, 2] and despite using different technologies draw a similar conclusion: intimacy leads to greater acceptance of technology and perceived usability. It is likely
that these effects also apply to robots such as Roomba [6, 10, 13]. It has been observed that domestic robots did not only lead people to change their cleaning patterns
or the physical arrangement of their home but that they also developed relationships
with the robot by assigning a name or ascribing personality traits to the device [6].
Intimacy can inform device adoption and help people to manage for example unreliability [13]. By feeling socially attached to the robotic vacuum cleaner, people were
able to derive increased pleasure from cleaning, and expended effort to fit the robot
into their homes. Scopelliti et al. concluded that acceptability of robotic devices in
home settings, especially for elderly people, would not only depend on the practical
benefits of the device, but on complex relationships between the cognitive, affective
and emotional components of people’s images of robots [8].
One concept often referred to when talking about the acceptance of robots is anthropomorphism. Epley et al. describe anthropomorphism as the tendency to “imbue the
real or imagined behavior of nonhuman agents with humanlike characteristics, motivations, intentions or emotions” [4]. One of the derived determinants the authors
name to explain when people are likely to anthropomorphize is people’s desire for
social contact and affiliation (sociality motivation). Anthropomorphism can thus play
an important role concerning the acceptance of robots. It may serve as an effective
method for improving usefulness and it has been shown that people were more likely
to cooperate and work with a playful robot than with a serious robot [14].
Besides social relations between humans and robots, researchers also studied interactions between technological and social space in the home during the process of
technology adoption: Venkatesh stressed the role of social space (e.g. family members, household activities, personal needs etc.) influencing the technological one [15].
He claimed that a thorough understanding of technology adoption in the household
requires a theory of household behavior. These issues have more recently been studied by [16] for whom the composition of a household influences how people use a
domestic service robot. The results of her survey study are based on the responses of
more than 350 Roomba users.
In summary, the reviewed literature suggests that, for investigating service robots in domestic settings, it is worth considering not only users as individuals and
looking for gender or age differences but also take into account the characteristics
of the entire household. This hypothesis builds on the fact of a shared “physical”
and “social space” in a domestic environment as well as on findings from previous
studies showing that the household composition affected the expectation of Roomba as a practical tool [7]. Further, we assume that the adoption of a domestic robot
in the context of the home not only happens as an individual but as a whole household [11]. In our study, we therefore apply a holistic household view and quantitatively argue for doing so.
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Study Design

3.1

Method and Measurements
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Our study aimed at exploring people’s perception of a domestic robot they have in
their home for two weeks. We combined quantitative and qualitative research methods which enabled us to deeply explore participant’s beliefs and reactions to robots.
A part of the methodology of our approach was similar to that followed by Sung et al.
and we adapted a questionnaire from her research [17].
Following a user-centered approach, we implemented a recurring questionnaire into several semi-structured interviews with the participants. The interviews took place
at each participant’s home and lasted about 1.5 hours each. They were audio recorded
and qualitatively re-transcribed. We asked all household members to be present during our household visits; however, this was not always the case. To enhance discussion and examine social roles in the household, participants of the same household
were interviewed collectively, thus children were not separated from their parents, for
instance. In total, each of the nine households was visited twice during the two weeks
which makes in total 18 visits. In addition to that, we have conducted a preliminary
interview one week prior to the study, including a home tour. We got to know the
household, the people and pets living in the household, asked them about their attitude
towards technology and robots as well as their cleaning routine and the structure of
their daily life. For the following two visits we took the questionnaire with us each
time and asked participants to rank Roomba on a seven point Likert scale (1-7) in
respect to its intelligence, usefulness, ease of use, experienced fun, expected impact
on the household and the participant’s overall impression. A questionnaire with Likert
rating scales to assess people’s attitude towards robots has also been used by [8, 17].
Participants filled out the questionnaire three times:
─ Before they had seen Roomba (T1), in order to investigate their expectations
and imaginations of the vacuuming cleaning robot;
─ After they had unpacked and interacted with Roomba for about 10 to 15 minutes
(T2) to catch their initial impression;
─ Two weeks after they received Roomba (T3).
The participants’ ratings on the questionnaires were filled in a spreadsheet, regarding
one decimal steps where two coders agreed on the exact interpretation of each mark
(e.g. if the mark was understood as 5.4 or 5.5).
3.2

Participants

Our sample consisted of nine households with a total of 30 participants. Four of the
fifteen children were six years and younger, so we did not ask them to evaluate the
robot using the questionnaire. 26 participants filled out the questionnaire: 14 men and
12 women, thereof 11 children, and 15 adults, ranging from 7 to 70 years old. The
mean age of all participants was 30, of all adults older than 18 years the mean age was
43. More specifically, we had three single-headed (one single parent) and six doubleheaded households. Six households had children from six months to 18 years old.
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Finally, since our study focused on cleaning, we recruited households with pets (n=5),
such as dogs and cats, and households with cleaning services (n=4). Among the four
who hired cleaning services, three received the service once a week and one every
other week. Everyone of the quite heterogeneous sample lived in the area of Lausanne
in the French speaking part of Switzerland. With more than one third of its inhabitants
being foreigners, Lausanne displays multi-faceted cultures besides a Swiss-French
mentality. Our sample reflects this cultural diversity including people of American,
Austrian, British, Danish, French, German, and Swedish background besides two
Swiss households. Interviews and questionnaires were carried out in English, French
or German, depending on the language all household members spoke fluently.
3.3

Design

Our previously mentioned questionnaire has been used to evaluate the perception
of Roomba by the households. The quantitative analysis was divided in three parts.
The first analysis was run as a simple repeated measures ANOVA with time as the
independent variable. The second analysis included a number of between subject
factors that were also incorporated in a mixed design ANOVA. For the first two
parts of the analysis we considered every individual household member as an individual data point. In the third part of our analysis we aggregated all the members
of one household to make a single data point and a repeated measure ANOVA was
done. In the third part the single data point would represent the household opinion
(which for the case of our two single households displayed the opinion of a single
person).

4

Findings

Our overall aim was to find out how people and households perceive a domestic robot
in their home. This section is structured in two parts. First, we present the overall
results of how our participants on an individual level perceived the robot in respect to
its intelligence, usefulness, usability, fun, attachment, impact, and their overall impression. In the second part we present our findings on a household level aggregating
data of individual members to verify our assumption that response behavior is influenced by the fact of being part of a specific household. Although in general how
people rated Roomba in terms of the provided topics (Table 1) didn’t change significantly over time, how they qualitatively described the robot changed with time. These
qualitative results will be reported elsewhere.
4.1

Individual Level

We first present the quantitative analysis on an individual level over time. Table 1
shows the means and standard deviations of each topic over the three time points.
Note that for some individuals we did not have ratings for all three occasions.
Therefore they had to be dropped from the ANOVA analysis. Thus, our sample size
was 19.
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Table 1. Means and standard deviations for each topic over the three times. Repeated measures
ANOVA with time as within subjects factor.

Topic

T1
Mean
Intelligence 4.38
Usefulness 5.2
Ease of use 5.74
Fun
4.38
Attachment 3.8
Impact
4.26
Overall
5.43
impression

T1
Std dev
1.68
1.39
1.09
1.70
1.43
1.74

T2
Mean
4.63
5.44
6.28
4.43
4.28
4.56

T2
Std dev
1.7
1.09
0.63
1.7
1.88
1.59

T3
Mean
4.22
5.0
6.02
4.43
4.23
4.17

T3
Std dev
1.71
1.36
1.25
1.72
1.71
1.29

F
(2, 36)
0.70
0.81
1.59
0.01
0.92
0.62

p

1.21

5.56

1.21

4.95

1.29

1.28

0.29

0.50
0.45
0.22
1.0
0.41
0.55

We executed a repeated measures ANOVA with time as the within subjects factor.
As evident by Table 1, time did not have a significant effect on any of the topics.
There is however an interesting pattern that for all of the seven topics, the T2 mean
value is the maximum value.
After testing the main effects we aimed to determine the impact of any external
factors or biases on an individual’s rating. The factors were considered one at a time
because if we had included them together in a mixed design ANOVA this would have
reduced the sample size even further for every combination.
We first wished to examine any gender effects. Surprisingly, gender did not have a
significant effect on the ratings (see Table 2). We would have expected male participants giving more positive ratings than female participants purely based on the fact
that Roomba is a technological device. However, in our qualitative observations it
turned out that female householders were the primary users of Roomba and this fact
could have resulted in females giving equally high ratings as compared to men. This
goes along with results of [10, 16]. However, other studies reported significant gender
differences [8]. We further analyzed variances for different age groups and pet owners
but could not find any significant results. This might be due to the rather small size of
the sample within each age group.
Table 2. Mixed design ANOVA with time as within subjects factor and gender as between
subjects factor. (f=female; m=male)

T1 m
Mean
Intelligence 5.07
Usefulness 5.81
Ease of use 6.26
Fun
5.05
Attachment 3.49
Impact
3.67
Overall
5.75
impression
Topic

T1 f
Mean
3.62
4.52
5.17
3.63
3.92
4.26

T2 m
Mean
5.02
5.84
6.39
4.53
4.14
4.59

T2 f
Mean
4.19
4.99
6.17
4.31
4.21
4.39

T3 m
Mean
4.68
4.95
5.93
4.64
3.81
4.34

T3 f
Mean
3.72
5.00
6.11
4.19
4.69
3.99

F
(1, 17)
2.82
3.13
1.52
1.24
0.58
0.00

p

4.86

6.00

5.10

4.82

5.10

2.89

0.11

0.11
0.10
0.24
0.28
0.46
0.98

210

J. Fink et al.

4.2

Household Level

The next factor was family code which indicated to which particular household an
individual belongs. We executed a mixed design ANOVA with time as the within
subject factor and family code as the between subject factor. The results are summarized in Table 3.
Table 3. ANOVA results showing the effect of family code on the ratings

F
(1, 10)
Intelligence 2.68
Usefulness 3.9
Ease of use 1.89
Fun
9.77
Attachment 9.83
Impact
6.45
Overall
1.88

p

Topic

0.07
0.02*
0.16
0.02*
0.02*
0.16
0.27

The results of the ANOVA showed that for some of the topics, being part of a particular household had a significant effect. As an example for this, Figure 1 shows
individual responses for each member of household F9. Consisting of four household
members (single father and three boys from eight to eleven years old) the graph illustrates how the individual ratings form a certain family opinion, where in this case,
one family member (P19) differed in his responses from the others. For this family,
there was clearly no peak at T2.
F9 Fun

F9 Usefulness
6

rating

5

7

7
6.4
6
5.5

7

6
5.2

5

5.2
4.7

4.7

4

4

6
5

rating

7

4

3

3

2

2

1

1
1

2

5.5

5
4.8

5

4

3
2.2
1

3

2.1
2

3

time

time
P19 - F9

6
5.3
5
4.5

P20 - F9

P21 - F9

P22 - F9

Fig. 1. Individual responses for usefulness and fun for each of the four members of a family

We wanted to examine in more detail how belonging to a family influences
people’s response behavior and carried out further analyses by aggregating the scores
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of the individual members of a single family. We carried out a repeated measures
ANOVA on the aggregated scores of the family with time as the within subject (family) factor. However, we did not get any significant results for this case.
In conclusion, our data shows that during two weeks, on an individual level, there
have not been any significant changes in how people rated their domestic robots in
respect to intelligence, usefulness, ease of use, fun, attachment, impact and the overall
impression. However, the rating of various topics was significantly influenced by the
fact that participants belonged to the same household. Thus, on a household level, we
can report significant effects on people’s perception of robots. Another interesting
pattern that emerged was that for individuals we could see a peak effect. The mean
rating for time T2 was higher than T1, but T3 was always less than or equal to T2.

5

Limitations and Discussion

Our aim was to study human-robot interaction including social aspects in a setting
that was as natural as possible. Conducting qualitative research in a domestic site
raises various challenges, such as to capture reliable data in a highly uncontrolled
environment with constraints of privacy and temporality in the home. Furthermore, in
our study responses might be biased due to the fact that people received a cleaning
robot from us and that they did not have to make a financial investment with buying
the device. This might have influenced how people perceived the robot.
The interpretability of our results is limited by the sample size counting nine
households with 30 participants but several missing responses. However, a study on a
larger scale would not have been realizable due to time and resource constraints. We
nevertheless analyzed data on a household level and hypothesized that being part of a
particular household influences people’s perception of robots. It remains to mention
that two of the nine households consisted of one person only. In addition to the heterogeneity of participants might have contributed to the observed effect. Cultural differences in the perception of robots have been investigated by [22].
As mentioned before, this study is part of a longitudinal ethnography. It documents
the evolution of people’s perception of robots for only two weeks. The responses are
likely to portray certain novelty effects which can be described as the first responses
to a technology [17, 19]. Covering a period of two weeks, data does not allow drawing conclusions in terms of usage patterns or continuing adoption of the device. Longterm usage of robots and usage patterns beyond novelty effects have been examined
by [7, 17, 19, 20]. We didn’t find a significant change in how people overall rated the
robot during the two weeks and assume that amongst others, novelty factors might be
one reason for this. Literature suggests that people’s expectations are quite powerful
in shaping the initial experience [6] and this in turn seems to be crucial for the further
process of adoption [11]. Another reason why the perception did not change drastically over time might be that Roomba could have been perceived more as a technical
device rather than as a social robot. Roomba lacks the ability to learn and monotonously performs the task of vacuuming. It remains to see how far people’s rating of
Roomba changes over a longer period of time or whether with Roomba people’s perception remains quite stable after people have formed first opinions.
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We presented findings about how people perceive a domestic robot on an individual level as well as on a household level and hypothesized different effects.
─ On an individual level we did not find significant gender or age effects. This
was surprising but might be explained through results on the household level.
─ On a household level we found a significant effect that we called ‘family effect’
and speculate about their characteristics in terms of the shared social values
(H1), the shared physical environment (H2) or an opinion leader effect (H3).
The observed ‘family effect’ can be impacted by the fact that the members of one
household have not been separated during the interviews. More important, the effect
may result from social norms, values and beliefs that are shared in one household
(H1) but also be due to the physical layout of the home (H2). The fact that an apartment has stairs or an open kitchen may have an effect on the relevance of Roomba,
for instance. Similarly, Severinson-Eklundh argues that understanding human-robot
relationship includes consideration of the group of people involved, their social
norms, roles and beliefs, as well as the shared physical environment [18]. Besides
this, we saw that, while families rated Roomba, there tended to be an opinion leader
(H3) who influenced the others. In social science, group conformity and decision
making has been extensively studied since the 1950ies (e.g. Asch’s experiment on
group conformity). It will be important in further studies to try to disentangle the various effects we encounter in domestic environments.
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