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Abstract. The demographic change and the decrease of care personnel lead to
the discussion to implement robots to support older adults. To ensure sustainable
use, the solutions must be accepted. Technology Acceptance is dealt with in dif-
ferent models, but little attention has been paid to the emotions that older adults
have toward service robots that support every day or care activities. The simu-
lated robot study examined the positive and negative emotions and the attitudes
of 142 older adults toward robots in different situations and with robots of differ-
ent appearances. The situation influenced both emotions and attitudes. The older
adults expressed more negative emotions and a more negative attitude in a care
situation. In terms of appearance, less uncanniness and higher usage intention for
the human-like and android robot were reported. The results contribute to a deeper
understanding of robot acceptance and should be considered in the development
of service robots for older adults in the future. Furthermore, the results should be
validated in vivo with existing robots.
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1 Background

1.1 Development of Technological Solutions to Support Older Adults

The development and use of technologies for older adults to support them and their
caregivers are supported by various social trends. Above all, demographic change is
leading to an increase in the elderly population [109]. In the European Union in 2018,
the age group 65+ accounted for 19.7% of the total population with big differences
between countries. Italy with 22.6% was at the highest end and Ireland with 13.8% at
the lowest. What all countries have in common is the increase in the older population,
especially as baby boomers reach retirement age [29]. Since many older adults wish
to live independently in their familiar environment as long as possible [69], solutions
are needed to support older adults in their private home. This can have a positive effect
for their quality of life [100], which is in line with the aims of Ageing in Place [45].
Furthermore, solutions are needed to support nursing staff in care facilities, since the
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expected shortage of skilled nursing staff [121] is another major factor that is expected
to lead to an increased use of technology and robotics.

Considering that worldwide more than two billion people will potentially need dig-
ital technologies by 2050 [122], these could support the well-being of older adults. It is
assumed that robots will play an increasingly important role by maintaining the inde-
pendence and well-being of older adults [92, 124]. They have proven benefits and can
contribute to improving the quality of life of older people [9, 91], and they could con-
tribute to maintaining the quality of care [10]. Robots offer the potential to support and
relieve the burden on both older adults and their caregivers and they can also be used for
prevention and rehabilitation purposes to avoid or reduce the need for assistance [42].
Promising areas of application of robots for social and daily healthcare of older adults
are reported [2, 3]. The field of robotics in nursing is developing rapidly to meet the need
for assistance in caregiving [65]. However, to realize the successful implementation of
robots for older adults, user acceptance is essential, as so far little acceptance is reported
for robots in care for older adults [114].

1.2 User Acceptance

Several models of Technology Acceptance portray the “Intention to Use” as an opera-
tionalization of acceptance. They vary in their differentiation, in the number of influ-
encing factors, and in the field in which they were developed and tested. The basic
Technology Acceptance Model (TAM) [21] has been developed further over time to the
TAM2 [111], TAM3 [110] and theUnifiedTheory ofAcceptance andUse ofTechnology
model (UTAUT) [112]. Misoch, Pauli and Ruf [77] provide a critical discussion of Tech-
nology Acceptance models regarding their predictive power in relation to older adults.
The Almere model [46] refers specifically to assistive robots for older adults. Extended
to the context of service robots it developed into the Service Robot Acceptance Model
(sRAM) [120].

Most of these models focus on cognitive (especially evaluative) and social factors.
Emotions triggered by robots that support daily activities are considered rather globally
(e.g. as “fear” dimension [124]) and unspecifically (e.g. as “emotional involvement” and
“potential threat” [78]). Emotions of users are investigated at most concerning empathy
with robots [95]. Some authors, such as Goher, Mansouri and Fadlallah [41] found
the criterions “Ease of Use” and “Usefulness” to be the main factors for technology
acceptance among older adults.However, in the study byDeGraaf andAllouch [23], only
the factor “Enjoyment” and not “Utility” indicates the actual use of a robot. Therefore,
emotions of older adults should be given more emphasis in the consideration when
interactingwith a robot, as emotions and attitudes influence their reactions [14].Although
the integration of emotions in robot systems attempts to make robots empathetic, the
emotional reactions of humans toward robots have not yet been explicitly investigated
[94].

1.3 Emotions in Interaction Toward Robots Used for Older Adults

When robots perform tasks usually performed by humans and come into direct contact
with humans for an intimate task it can evoke powerful emotions. Thus, embedding
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robots in new everyday situations can be emotionally challenging. Different types of
robots can be used to support older adults and nursing staff. A distinction is often
made between service type and companion type robots, although not all robots can be
categorized strictly in either one of these two groups [16].

Robots referred to as service type robots are used as assistive devices with function-
alities to support independent living. When it comes to the level of acceptance of these
robots, studies usually focus on two aspects: types of social functions, that are important
to accept the device in the living environment; how social functions can facilitate the
usage of the device. Emotions that are triggered by these types of robots in older users
were not the primary focus of research. It is expected that in assistive situations, the use
of robots can lead to unclear expectations [19] and unrealistic ideas [8].

In contrast, emotions and reactions of older adults interacting with the second type,
the so-called companion robots, arewell studied [e.g. 1, 48, 72]. These companion robots
are made to evoke explicitly positive emotions and are used as aids in therapy.

Nomura, Kanda and Suzuki [83] combine perspectives on societal attitudes and
psychological reactions toward robots in their Negative Attitudes toward Robots
Scale (NARS). In human-robot-interaction, communicative behavior is affected by the
attitudes toward robots and anxiety related to robots [84].

1.4 Appearance of the Robot and Situation of Human-Robot Interaction

There are additional factors, such as characteristics of the robot or environmental fac-
tors, that can influence acceptance. The appearance of robots has been discussed as
an important factor promoting or inhibiting acceptance [14, 35]. As robots are judged
by users based on their appearance, it can trigger positive feelings toward the robot
and thus lead to greater acceptance [49]. The appearance of a robot can be divided
into different categories, for example in functional, zoomorphic, anthropomorphic, or
cartoon-like [54]. With the idea that positive human-robot interaction is increased by
human resemblance, humanoid robots are built in industrial contexts [e.g. 57]. Anthro-
pomorphic robots also seem to reach higher levels of acceptance in settings with social
interactions with a robot. Human-like shape and behavior have advantages when a close
interaction between a robot and a human is necessary, and better performance in human-
like tasks is assumed when a robot resembles a human [49]. Socially assistive robots
that have human-like characteristics tend to promote acceptance and use [59]. However,
there are varying findings when it comes to preferences on human-like robots. Broad-
bent [13] reports that older adults expressed a preference for non-humanlike robots, as
they did not want them to replace humans. Other researchers found that older adults
prefer discrete, small robots as well as human- or pet-like robots over large humanoid
robots [15, 108, 123]. However, the “Uncanny Valley” hypothesis [80] states that the
more human-like the appearance of the robot, the more accepted it is, unless it does
not resemble a human too much. An abrupt decline in acceptance has been observed as
soon as reaching a certain level of human resemblance in a robot. Android robots can
be perceived as frightening when their movements are too mechanical and therefore do
not match human appearance [68]. This gap in acceptance is subject of much debate,
and mixed or inconsistent findings concerning the existence of the uncanny valley and
its explanations are discussed [e.g. 47, 55, 66, 75, 104].



24 S. Lehmann et al.

An important point regarding the appearance of a robot is that it cannot be considered
independent to the situation of its use. Studies show that not only the appearance of
the robot but also the situation in which a human-robot interaction takes place has a
decisive influence on acceptance [22, 26, 39, 77]. The robot must fit the respective
field of application or the task performed [13, 93], and the shape and capabilities of a
robot should be congruent. Robots with a human-like appearance are attributed to have
personality, emotions, and intentions [53]. This potential humanization leads to robots
being considered as “trustworthy” and useful for trustful tasks.

Research from the fields of human-robot interaction (HRI), human-robot proxemics
(HRP), and human-robot spatial interaction (HRSI) show that personal space is a major
issue in human-robot interaction (for a summary see [63]), and the spatial area in which
a robot moves during interaction is determined by the situation and its tasks. The robot
should stay outside the intimate zone and within the personal or social zone of a person
[56, 115]. If robots support daily activities of older adults, they are usually outside the
intimate zone. This is different when robots support care activities which usually include
touch in the intimate zone. Careworkerswere reserved toward robots in tasks that involve
human touch [88].

Regarding the results from previous research, the following hypotheses have been
examined in this study:

(1) Appearance of the robot: although inconsistent results in the literature, it is assumed
that human-like to android robots will trigger more negative feelings in older adults.

(2) Situations when interacting with a robot: it is assumed that situations that require
interaction in the intimate zone will evoke more negative feelings in older adults.

The present study aimed to investigate more comprehensively the emotions and attitudes
of older adults toward robots of different appearances and in different situations. It aims
to be a contribution to a better understanding of the acceptance of robots in this field,
with the ability to lead to a sustainable use of robots. The study only refers to service type
robots. According to the categorization of assistive robots for older adults by Broekens,
Heerink, and Rosendal [16] the main function of service robots is to support daily
activities. Companion robots (e.g. pet-like robots), whose main function is to improve
health and psychological well-being, or other robot types, are not considered.

2 Methods

2.1 Design

A vignette methodology to collect emotions and attitudes toward robots was used. In
vignettes, hypothetical situations are described, and participants are asked to put them-
selves into the hypothetical situation and to respond [6]. In human-robot interaction
studies, this method has been used successfully and is a common methodology in psy-
chology and sociology experiments [17, 31]. Video trials are used and regarded as a
valid methodology [46].
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Table 1. Study sample.

N = 142 older adults

Age 73.2 years (SD = 6.1, range 58–87)

Gender 54.2% female

Marital status 71.1% married/living with partner

Nationality 97.9% Swiss

Education 65.5% tertiary level
23.2% secondary level
8.5% obligatory school education
0.7% no school leaving certificate

Living environment 98.6% private household

Household size 64.8% two-person household

Residential area 53.5% more rural

Interest in technology 21.8% very interested
50.0% interested
26.8% not interested
1.4% not interested at all

Technology experience 76.1% experience with technology use in professional life

Experience with robots 24.5% contact with a robot before

N = Number.

2.2 Participants

Via different existing networks of the Institute for Ageing Research (IAF), older adults
who had to beGerman-speaking and aged over 60,were recruited in Eastern Switzerland.
They were offered several possible study dates. A total of 11 study dates took place
between September to December 2018 in three different Swiss cantons (St.Gallen, the
Grisons, Lucerne). Table 1 shows the characteristics of the sample.

2.3 Measures

A questionnaire was developed to collect the emotions and attitudes of older adults
toward robots. For emotion items, various existing scales were compiled based on a
literature search. Table 2 shows the scales and basic emotions (overview in [86]) that
were considered. Single emotionswere addedmentioned by older adults and the research
team during a feasibility test in September 2017. A list with 79 positive, 12 neutral and
116 negative emotions was the result (see Fig. 1).

After this first compilation of a list with 207 emotion items, final items were selected
separately by two researchers based on eight criteria (Table 3).

From the resulting list of 34 positive and 45 negative items, further individual items
were sorted out based on content considerations when not fitting, being already covered
by other items, or being too vague. The result was a two-page list with 30 positive
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Table 2. Scales and basic emotions for questionnaire development.

Scale

German version of positive and negative affect schedule [12]

State-Trait-Anxiety Inventory [44]

SEK-ES–questionnaire for emotion-specific self-assessment of emotional competencies [25]

Jennifer Monathan “liking” questionnaire [79]

Emotional reactions to domestic robots [97]

Property list at the subscale level [52]

Feeling scale – Revised version (Bf-SR) [113]

Multidimensional state questionnaire (MDBF) [103]

Basic Emotions [4, 27, 37, 43, 50, 51, 71, 81, 85, 87, 89, 107, 118, 119]

Table 3. Criteria for item selection.

Criteria

(1) deletion of the category “neutral” because it was too unspecific

(2) ensuring comparability with other studies

(3) avoidance of doubled/too similar items

(4) same number of positive and negative items

(5) focus on “real” emotions and not “attitudes” or “evaluations”

(6) state emotions instead of trait emotions

(7) comprehensibility

(8) frequently occurring items

Fig. 1. Selection process of emotion items.

and 30 negative emotion items, presented as adjectives and displayed in random order.
A dichotomous answer format (“rather yes” or “rather no”) was chosen to allow the
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participants to fill in the questionnaire rapidly and easily. Figure 1 shows the selection
process of the emotion items.

In addition, questions of robot acceptance were chosen based on the Almere model
and the robot-acceptance questionnaire in the version by Heerink, Kröse, Evers and
Wielinga [46]. Of the 41 items, six were selected which suited the context of the present
study best. Two questions from the construct “Anxiety” (ANX), one from “Attitude
toward Technology” (ATT), one from “Intention to Use” (ITU), one from “Perceived
Ease of Use” (PEOU) and one question from “PerceivedUsefulness” (PU) and translated
into German and adapted. The answer format followed a five-point scale from 1 “do not
at all agree” to 5 “agree completely”.

Items following the recommendations from the review by Flandorfer [35] and items
from previous questionnaires of the authors were chosen to collect sociodemographic
data. Three further questions were included in the questionnaire which were described
in the literature in the context of robots: Experience with technology from previous
professional life (“Yes/No”), interest in technology on a four-level scale from “very
interested” to “not at all interested” and the question “Have you ever dealt directly with
a robot” from Nitto, Taniyama and Inagaki [82] to compare the Swiss population with
the German and Japanese population.

Care was taken to ensure that the question formulations and answer categories of the
questionnaire were age-appropriate (according to the recommendations of Lang [62]).
Nine older adults (four men and five women 60+ years old) pretested the questionnaire.
The final questionnaire consisted of four pages and could be completed in about 15 min.

2.4 Material

The vignette was presented in a video format supplemented with pictures of robots of
different appearance. For the variation of the situation, two different video stimuli were
selected. Each film showed a different situation of interaction with a robot. The video
stimuli were tested beforehand in a feasibility test in September 2017. One situation
showed an older woman in a retirement home sitting at a table with other older women,
illustrating the service situation (S1). In this situation, the robot Care-O-bot 3 [36] moves
toward the woman with a cup of water and then invites her to drink, which she does. The
other situation showed amiddle-aged bedriddenwoman, her arms and legs beingwashed
by the robot Cody [40] without other people visible, illustrating the care situation (S2).
Both video stimuli were cut to one minute in length, to accurately illustrate the relevant
interaction. To avoid distractions through verbal descriptions they were shown without
sound.

Because assistive robots have a wide range of different looks [22], pictures of robots
with varying degrees of human resemblance were selected based on the most used
classification of different authors: machine-like, mechanical-human-like, human-like,
and android [24, 67, 116]. Pictures of high quality and that depicted meaningful repre-
sentations in the context of nursing care for older adults were selected. The pictures
were shown without product names of the robots. Pictures of the following robots
were selected: Lio for machine-like appearance [30]; Kompai for mechanical-human-
like appearance [106]; Romeo for human-like appearance [7]; Otonaroid for android
appearance [76].
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2.5 Procedure

Several participants took part in each of the 11 study sessions, which always followed the
same pattern. After an introduction and explanation of the study, the participants were
shown the first video (S1) and were asked to put themselves in this situation as if they
were experiencing it themselves, imagining the appearance of the robot based on the
picture given after the video. One of four images of a robot were given to the participants,
resembling either machine-like (A1), mechanical-human-like (A2), human-like (A3) or
android (A4). After the first completion of the questionnaire, the participants were given
another picture of the robot and had to fill in another questionnaire. This procedure
was repeated with the second video (S2) (Fig. 2 shows the procedure of the study
sessions). According to a predetermined scheme ensuring all possible combinations
occurred equally, each participant evaluated four randomly composed vignettes (see
Table 4). Participants reported emotions and attitudes for each of the four vignettes
with the questionnaire. Each participant was set apart in a classroom and filled in the
questionnaire on his/her own and in silence. No joint discussion or audible comments
were allowed during the study appointments.

Table 4. Combination of appearance and situations [96].

Appearance A Situation S

(A1–A4) Service situation (S1) Care situation (S2)

A1: machine-like A1 × S1 A1 × S2

A2: mechanical-human-like A2 × S1 A2 × S2

A3: human-like A3 × S1 A3 × S2

A4: android A4 × S1 A4 × S2

Fig. 2. Procedure of the study sessions. Order of presentation of one of the four pictures of a
robot (A1–A4) varied.

2.6 Analysis

For evaluation, the IBM SPSS Statistics 26 program was used. After manually entering
the data, a 5% check of the sample, quality control, and data cleansing were carried out.
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The 30 positive and the 30 negative emotions were taken together to build a sum score
for positive emotions and a sum score for negative emotions, respectively. M for mean
value, SD for standard deviation or n for sample size and% for frequencies were reported
to descriptively present the results. For mean value comparisons for the two situations in
which interactionwith the robot was shown (service situation, care situation), and gender
comparison t-tests were calculated. For emotions and attitudes, a one-way ANOVA
was calculated in each case, to compare the levels of positive and negative emotions
and attitudes (as measured by the questionnaire) for the four appearances of the robot
(machine-like, mechanical-human-like, human-like, android).

Multiple linear regressions were run to predict emotions and attitudes respectively.
Predictors were dummy coded with situation (service versus care), appearance of the
robot (machine-/mechanical-like versus human-like/android), and gender (male versus
female). All variables are forced into the linear regression model (method: enter) to
investigate their independent contribution. The goodness of fit of the overall model
according to Cohen [18] is reported. It was checked for multicollinearity problem in the
model as VIF for all variables should be <10, and for auto-correlation problem in the
data as the Durbin-Watson-Test should be between the two critical values of 1.5 < d <

2.5 [34].

3 Results

3.1 Emotions

Emotions Toward Robots. For each situation (S1, S2) and each appearance of the robot
(A1, A2, A3, A4) the participants reported their agreement (yes or no) to 30 positive
emotions and 30 negative emotions. Taken situations and appearances together, themean
value of the sum score for positive emotions was M = 12.72 (SD = 9.70). The mean
value of the sum score for negative emotions was M = 10.31 (SD = 9.84).

When comparing men and women, men (M = 15.15, SD = 9.70) reported on
average a higher mean value of the sum score for positive emotions than women
(M = 10.72, SD = 9.25). This difference was significant t(529.19) = 5.50, p <

.001. Women had a higher mean value of the sum score for negative emotions (M
= 12.24, SD = 9.99) than men (M = 7.97, SD = 9.15). This difference was significant
t(553.84) = −5.27, p < .001.

On the individual level of the emotion items the participants agreed most fre-
quently with the positive emotions “awake” (75.9%), “attentive” (74.8%) and “interest-
ed” (71.9%). The three negative emotions the participants agreed the most were “tense”
(49.4%), “unwell” (46.2%) and “dissatisfied” (45.0%).

Emotions Toward Robots in Different Situations. Analyzing the two different situ-
ations (S1, S2) separately, the mean value of the sum score for positive emotions was
higher in the service situation S1 (M = 14.82, SD = 9.72) than in the care situation S2
(M = 10.67, SD = 9.25) (Table 5). This difference was significant t(557.18) = 5.19, p
< .001. The mean value of the sum score for negative emotions was higher in the care
situation S2 (M = 12.25, SD = 9.96) than in the service situation S1 (M = 8.32, SD =
9.33) (Table 6). This difference was significant t(560) = −4.83, p < .001.
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Emotions Toward Robots of Different Appearance. The mean value of the sum
score for positive emotions increased from machine-like A1 (M = 11.03, SD = 9.43),
mechanical-human-likeA2 (M= 12.76, SD= 10.20), human-likeA3 (M= 12.92, SD=
9.44), to android A4 (M = 14.20, SD = 9.26) appearance of the robot (Table 5, Fig. 3).
The mean values of the sum score for positive emotions did not differ significantly
between the different appearances (F(3, 558) = 2.56, p = .054). A Bonferroni-adjusted
post-hoc test showed a significant difference between the machine-like and the android
(p = .037) appearance.

The mean value of the sum score for negative emotions decreased frommachine-like
(M = 11.77, SD = 10.44), mechanical-human-like (M = 10.35, SD = 9.83), human-
like (M= 9.84, SD= 9.66), to android (M= 9.26, SD= 9.34) appearance of the robot
(Table 6, Fig. 3). The mean values of the sum score for negative emotions did not differ
significantly between the different appearances (F(3, 558) = 1.68, p = .171).

Table 5. Positive emotions for situation and appearance [96].

Robot appearance Service situation (S1) Care situation (S2) Both situations

A1: machine-like M = 13.80 (SD = 10.22) M = 08.30 (SD = 07.72) M = 11.03 (SD = 09.43)

A2: mechanical-
human-like

M = 15.23 (SD = 10.68) M = 10.29 (SD = 09.13) M = 12.76 (SD = 10.20)

A3: human-like M = 15.77 (SD = 08.86) M = 10.19 (SD = 09.24) M = 12.92 (SD = 09.44)

A4: android M = 14.51 (SD = 09.08) M = 13.90 (SD = 10.03) M = 14.20 (SD = 09.55)

Total A1-A4 M = 14.82 (SD = 09.72) M = 10.67 (SD = 09.25) M = 12.72 (SD = 09.70)

M: mean value, SD: standard deviation.

Table 6. Negative emotions for situation and appearance [96].

Robot appearance Service situation (S1) Care situation (S2) Both situations

A1: machine-like M = 08.96 (SD = 09.72) M = 14.55 (SD = 10.45) M = 11.77 (SD = 10.44)

A2: mechanical-
human-like

M = 07.91 (SD = 09.22) M = 12.79 (SD = 09.87) M = 10.35 (SD = 09.83)

A3: human-like M = 07.71 (SD = 08.81) M = 11.89 (SD = 10.05) M = 09.84 (SD = 09.66)

A4: android M = 09.71 (SD = 09.68) M = 09.80 (SD = 09.04) M = 09.26 (SD = 09.34)

Total A1-A4 M = 08.32 (SD = 09.33) M = 12.25 (SD = 09.96) M = 10.31 (SD = 09.84)

M: mean value, SD: standard deviation.

Influence of Situation and Appearance on Emotions. In multiple linear regression
analysis, situation, appearance of robot, and gender were able to statistically signifi-
cantly predict the level of positive emotions, F(3, 558) = 22.15, p = .000. The model
has no auto-correlation as the value of theDurbin-Watson statistic is 1.716. TheR2 for the
overall model was .106 (adjusted R2 = .102), indicative of a moderate goodness-of-fit.
Women expressed less positive emotions than men, the care situation led to less positive
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Fig. 3. Mean values of positive and negative emotions for different appearance of the robot.

emotions than the service situation, and the machine-/mechanical-like appearance led
to less positive emotions than the human-like/android appearance.

In multiple linear regression analysis, situation and gender were able to statistically
significantly predict the level of negative emotions, F(3, 558) = 19.21, p = .000. The
model has no auto-correlation as the value of the Durbin-Watson statistic is 1.88. The
R2 for the overall model was .094 (adjusted R2 = .089), indicative of a weak goodness-
of-fit. Women expressed higher negative emotions than men, the care situation led to
higher negative emotions than the service situation, no statistically significant influence
of appearance on the level of negative emotions could be shown.

3.2 Attitudes

Attitudes Toward Robots. For each situation (S1, S2) and each appearance of the robot
(A1, A2, A3, A4) the participants reported their agreement on a five-point scale (1= do
not at all agree to 5 = agree completely) to six items reflecting attitude toward robots
(anxiety (ANX1), “afraid to make mistakes”; ANX2, “find robot scary”; attitude toward
technology (ATT), “good idea to use the robot”; intention to use (ITU), “I would use
the robot”; perceived ease of use (PEOU), “robot is easy to use”; perceived usefulness
(PU), “robot is useful” (Table 7).

Table 8 shows the results separated by gender. “Anxiety” and “perceived ease of use”
differentiate significantly.

Attitudes Toward Robots in Different Situations. Analyzing the two different situa-
tions (S1, S2) separately, the mean value of the items differs significantly for all items
except for ANX1 (see Table 9). Indicating a more positive attitude toward robots in the
service situation (S1).

Attitudes Toward Robots of Different Appearance. Table 10 shows the mean values
and standard deviations of attitudes toward robots for the four different appearances of
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Table 7. Attitudes toward robots.

Construct (Code) Mean (standard deviation)

Anxiety (ANX1) M = 2.34 (SD = 1.11)

Anxiety (ANX2) M = 2.61 (SD = 1.30)

Attitude toward technology (ATT) M = 3.12 (SD = 1.16)

Intention to use (ITU) M = 3.34 (SD = 1.15)

Perceived ease of use (PEOU) M = 3.44 (SD = 0.94)

Perceived usefulness (PU) M = 3.24 (SD = 1.16)

Table 8. Attitudes toward robots by gender.

Construct Men Women T-Test

ANX1 M = 2.08 (SD = 1.00) M = 2.56 (SD = 1.16) t(551.39) = −5.33, p < .000*

ANX2 M = 2.37 (SD = 1.25) M = 2.82 (SD = 1.31) t(550) = −4.19, p < .000*

ATT M = 3.22 (SD = 1.14) M = 3.03 (SD = 1.16) t(552) = 1.96, p = .051

ITU M = 3.41 (SD = 1.14) M = 3.28 (SD = 1.15) t(551) = 1.32, p = .187

PEOU M = 3.55 (SD = 0.90) M = 3.35 (SD = 0.97) t(551) = 2.48, p = .013*

PU M = 3.29 (SD = 1.16) M = 3.21 (SD = 1.16) t(552) = 0.85, p = .395

M: Mean value, SD: Standard deviation, *: significant

Table 9. Attitude toward robots by situation.

Construct Service situation (S1) Care situation (S2) T-Test

ANX1 M = 2.25 (SD = 1.11) M = 2.43 (SD = 1.10) t(552) = −1.93, p = .055

ANX2 M = 2.49 (SD = 1.32) M = 2.74 (SD = 1.26) t(550) = −2.26, p = .024*

ATT M = 3.25 (SD = 1.19) M = 2.98 (SD = 1.11) t(548.38) = 2.78, p = .006*

ITU M = 3.54 (SD = 1.10) M = 3.14 (Sd = 1.17) t(551) = 4.13, p < .000*

PEOU M = 3.61 (SD = 0.91) M = 3.27 (SD = 0.94) t(551) = 4.23, p < .000*

PU M = 3.44 (SD = 1.10) M = 3.05 (SD = 1.19) t(552) = 4.06, p < .000*

M: Mean value, SD: Standard deviation, *: significant

the robot. The mean value of ANX1 does not differ significantly between the different
appearance of the robot F(3, 550) = 0.38, p = .771. The mean value of ANX2 differs
significantly between groups F(3, 548) = 4.61, p = .003. A Bonferroni-adjusted post-
hoc test showed a significant difference between the machine-like and the human-like
(p = .004) and between the machine-like and the android (p = .022) appearance. ATT
does not differ significantly between groups F(3, 550) = 2.40, p = .067. ITU differs
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significantly between groups F(3, 549) = 3.70, p = .012. A Bonferroni-adjusted post-
hoc test showed a significant difference between the machine-like and the human-like
(p = .031) appearance. PEOU does not differ significantly between groups F(3, 549) =
0.07, p = .976. PU does not differ significantly between groups F(3, 550) = 1.87, p =
.133.

Table 10. Attitude toward robots by appearance.

Construct Machine-like (A1) Mechanical-human-like
(A2)

Human-like (A3) Android (A4)

ANX1 M = 2.43 (SD = 1.15) M = 2.32 (SD = 1.12) M = 2.30 (SD = 1.06) M = 2.32 (SD = 1.13)

ANX2 M = 2.94 (SD = 1.32) M = 2.62 (SD = 1.29) M = 2.40 (SD = 1.21) M = 2.49 (SD = 1.32)

ATT M = 3.00 (SD = 1.13) M = 2.99 (SD = 1.13) M = 3.30 (SD = 1.22) M = 3.19 (SD = 1.13)

ITU M = 3.15 (SD = 1.19) M = 3.22 (SD = 1.14) M = 3.53 (SD = 1.09) M = 3.46 (SD = 1.14)

PEOU M = 3.44 (SD = 0.96) M = 3.44 (SD = 0.95) M = 3.46 (SD = 0.92) M = 3.41 (SD = 0.95)

PU M = 3.12 (SD = 1.17) M = 3.14 (SD = 1.16) M = 3.37 (SD = 1.15) M = 3.35 (SD = 1.15)

M: Mean value, SD: Standard deviation

Influence of Situation and Appearance on Intention to Use the Robot. In multiple
linear regression analysis, situation and appearance were able to statistically signifi-
cantly predict the intention to use (ITU), F(3, 549) = 10.13, p = .000. The model has
no auto-correlation as the value of the Durbin-Watson statistic is 2.03. The R2 for the
overall model was .052 (adjusted R2 = .047), indicative of a weak goodness-of-fit. The
care situation led to less intention to use the robot than the service situation. The human-
like to android appearance of the robot led to more intention to use the robot than the
machine-/mechanical-like appearance. No statistically significant influence of gender
on the intention to use the robot could be shown.

4 Discussion

The present study examined emotions and attitudes of Swiss older adults toward robots
with different appearances in different situations. As people’s impression of robots is
socially influenced in every country [105], it is important to have data from many differ-
ent countries. As far as gender is concerned, although more women participated (54.2%)
in the study, this corresponds to the gender distribution in Switzerland from the age group
of 65 and over (men: 44.71%, women: 55.29%) [32]. In terms of educational level, how-
ever, the sample with a high percentage of well-educated (65.5% tertiary education) does
not correspond to the general Swiss population. The distribution of the educational back-
ground in Switzerland for older adults (over 65 years) showsmore peoplewith secondary
education (53%) than with tertiary education (24.2%) [33]. Often, older participants in
studies of technology are well educated [e.g. 20,102]. Most participants were interested
in technology (71.8% (very) interested in technology) which also is in line with other
studies [e.g. 74,101] although Seifert and Schelling [99] found in their study that only
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36% of the people 65+ years rather or completely agreed with the statement “I am very
interested in new technical things”. The proportion of people who had contact with a
robot before (24.5%) was slightly lower than in a telephone survey (26%) [38] and in an
internet survey inGermany (27%) [82], in the U.S. (43%) and in Japan (31%). But higher
than in the Eurobarometer (14%) [28]. A recently published study found in Switzerland
42% of participants had contact with a robot before [64]. The participants lived almost
exclusively in private households, which was intended but must be considered when
interpreting the results.

The present study found a significant gender effect. Men reporting more positive
and women reporting more negative emotions. The gender effect was also significant
in the two questions ANX1, ANX2 representing the anxiety construct (“afraid to make
a mistake” and “find the robot scary”) and the question about perceived ease of use
(PEOU). These findings are supported by the review of Broadbent et al. [14] were
gender has an impact on how people react to robots, and is in line with the study of Kuo
et al. [61] who found in the healthcare sector men having a more positive attitude toward
robots than females.

The reported emotions differed significantly in the two different situations. In the
service situation (S1, becoming a drink from a robot) more positive emotions and in
the care situation (S2, being washed by a robot) more negative emotions were reported.
Even five of the six items about attitude toward robots indicate a more positive view
of the robot in the service situation (S1). Anxiety was less, positive attitude, intention
to use, perceived ease of use and perceived usefulness were higher. There are several
possible moderating variables for this effect. The different spatial proximity between
the robot and the person in the two different situations could play an important role.
Different distances from a robot can influence the level of comfort for the people, and
the intermediate distance is rated the best [58]. In the service situation (S1) the robot
acts in the intermediate distance and in the care situation (S2) in a close distance. This
result corresponds with other studies [e.g. 98].

Differently than expected, the android robot did not evoke more negative emotions
than the machine-like, the mechanical-human-like, or the human-like robot. Even if not
significantly the mean values of positive emotions increased, and the mean values of
negative emotions decreased the more human the appearance of the robot was. Even
the mean values of four of the six attitude items toward robot do not differ between
the different appearances. Only the anxiety item ANX1 (robot is scary) differs between
the machine-like and the human-like and between the machine-like and the android
appearance indicating more fear of the machine-like robot. And the intention to use item
(ITU) differs significantly between the machine-like and the human-like appearance
indicating a lower intention to use the machine-like robot. On one hand, this supports
the “uncanny valley” hypothesis indicating a higher acceptance the more human the
robot is. But on the other hand, the “valley” with an abrupt drop in acceptance when it
is too human-like was not found for the android appearance. A discussion concerning
the existence of the “uncanny valley” and its explanations can be found in Broadbendt
[13]. In the present study, several possibilities could have affected this result. It could
be questionable if the android robot was recognized as a robot. But this explanation can
be rejected since it was pointed out in the study instructions and during the study that
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all images represent robots. Another possible explanation is the recognizable gender
of the android robot. The picture shows an android robot that looks like a woman. All
other robots cannot be clearly assigned to a gender. Since more women are employed
in nursing homes [73], this could have evoked a congruent picture and more positive
emotions. In the study of Prakash and Rogers [90], female human-looking faces were
partially linked to notions of care or nursing. The independent assessment of the emotions
for each vignette can be seen as an advantage of the study but it has to be considered
that the participants were not asked which robot they would rather use. In any case,
the findings are for example contrary to Arras and Cerqui [5] where only 19% of the
participants would prefer a robot with a humanoid appearance, but they are in line with
Prakash and Rogers [90] who stated familiarity as the primary reason for a preference of
human-looking robots. Tasks that are typically performed by humans can benefit from
this circumstance [11]. The findings are in line with Korchut et al. [60] postulating a
preference for anthropomorphic appearances. Coming back to the “uncanny valley” it
must be considered that in the original formulation of the hypothesis the movement of
the robot also has an influence [55]. Overall, participants tended to prefer robots with
more human-like appearance and attributes, which can be found in Walters, Syrdal,
Dautenhahn, te Boekhorst, and Koay [117] too.

5 Conclusions

The study showed that the specific situation in which a robot interacts with a human has
an important influence on positive and negative emotions and on the intention to use
the robot. The appearance impacts the intention to use the robot and unpleasant feelings
toward the robot. This in turn can influence the acceptance of robots.Additionally, gender
also has an effect on emotions and intention to use. Therefore, when developing robots
that are designed to interact with older users, it is important to consider the situation in
which they will be used, and developers should consider the findings about appearance
and gender effects.

Some limitations of the study should bementioned.As stated above, the study sample
is not representative of the general population. Less well-educated or less technology-
oriented people should be included in future investigations. It must also be considered
that previous experience with robots or prior knowledge about robots leads to a more
positive assessment [5]. Since it can be assumed that in the future robotic systems will
be increasingly discussed and used in our society, the proportion of people who will
already have contact with a robot will increase significantly. A recent Swiss survey
already showed a higher proportion of people who already had contact with a robot
[64]. In addition, the personal situation of participants should be considered. Persons
already in need of care might find the robot conducive to their privacy when helping with
personal hygiene. Therefore, in future studies, the characteristics of the sample should
be well chosen.

Subsequently, future studies should analyze the specific needs of older adults in
real settings. Clearly simulated robot studies and real-world robot studies contribute to
knowledge [13] and this simulated study had the advantages of high control over study
manipulations, and that it could have been done quickly. The disadvantages were that



36 S. Lehmann et al.

people were under artificial conditions, therefore the results may not be transferable to
real robots and real-world conditions.

This leads to another aspect that should be considered. Because of the study design
and the fact that not all robots shown are currently available for testing in Switzerland,
the participants only saw pictures of the different robots. Thus, image elements could
have influenced the answers, although images were chosen carefully and as similar as
possible. But the gap between appearance and movements as described for the “uncanny
valley” can be especially great for the android robot. Therefore, robots seen moving in
real life might evoke other emotions and attitudes. If technical development and financial
considerations make it possible, future studies should be carried out with robots in real
life.

Furthermore, many different looking robots exist, but the study used only one exam-
ple for each category. Future studies should choosemore or varying examples, especially
if the robot has a gender form, both forms (female and male) must be considered.

Another fact to consider are differences in the videos shown. Both videos showed
a woman as the main character but in the service situation (S1) the woman was older,
clearly aged over 60 and corresponded more to the study participants what might have
affected the responses. Both robots shown in the videos had no heads but could clearly
be assigned to a different appearance category. The robot in the service situation (S1)
looked machine-like (A1), and the robot in the care situation (S2) mechanical-human-
like (A2). The different appearances could have affected the responses too, although the
participants were instructed to imagine the robot shown on the picture.

The order of the videos was not varied, all participants first saw the service situation
(S1) only the order of the images varied. Therefore, priming effects cannot be excluded.
The order of the questions in the questionnaires remained the same too. This might have
affected the responses as fatigue effects cannot be ruled out, as the participants had to
complete four questionnaires.

Even when other possible target variables for acceptance like trust in robots [70]
and not the intention to use can be considered, the present study emphasizes the need to
consider the specific situation in which the robot will be used, the congruent appearance
of the robot for the specific task and the gender of the end-user when developing robots
to support older adults. As there are still unanswered questions, especially arising from
the limitations of the present study, further research in this area must follow.
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