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Abstract

Although companion-type robots are already commercially available, little interest has been taken in identifying reasons
for inter-individual differences in their acceptance. Elders’ age-related perceptions of both their own self (self-image) and
of the general older robot user (user image) could play a relevant role in this context. Since little is known to date about
elders’ companion-type robot user image, it is one aim of this study to investigate its age-related facets, concentrating on
possibly stigmatizing perceptions of elder robot users. The study also addresses the association between elders’ age-related
self-image and robot acceptance: Is the association independent of the user image or not? To investigate these research ques-
tions, N=28 adults aged 63 years and older were introduced to the companion-type robot Pleo. Afterwards, several markers
of robot acceptance were assessed. Actual and ideal self- and subjective robot user image were assessed by a study-specific
semantic differential on the stereotype dimensions of warmth and competence. Results show that participants tended to
stigmatize elder robot users. The self-images were not directly related to robot acceptance, but affected it in the context of
the user image. A higher fit between self- and user image was associated with higher perceived usefulness, social accept-
ance, and intention to use the robot. To conclude, elders’ subjective interpretations of new technologies play a relevant role
for their acceptance. Together with elders’ individual self-images, they need to be considered in both robot development
and implementation. Future research should consider that associations between user characteristics and robot acceptance by
elders can be complex and easily overlooked.

Keywords Companion-type robots - Self-Congruity Theory - Disengagement research - Assistive technology - Robot
acceptance

1 Introduction

Due to ongoing technologization of our societies, elders
are confronted already nowadays with a wide range of new
technologies. In the recent decade, particular effort has been
made to develop assistive robots for the elders, i.e., robots
aimed at providing support with everyday challenges. Many
of these robots are equipped with social and communicative
abilities, and are hence called assistive social robots [8].
According to the authors, they can be further distinguished
based on their functionality: Service-type robots, on the one
hand, provide practical support, e.g., regarding activities of
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for cognitively healthy elders [5]. Since these effects can
only unfold when elders actually engage with the robots,
acceptance by the target group is key to effectiveness (also
see [29]). Current findings on the acceptance of companion-
type robots are generally promising [26], but wide inter-
individual differences have also been reported [10, 25]. It is
important to understand the reasons for these inter-individ-
ual differences as this knowledge can promote user-centered
robot development and can help to better understand the
individual elder’s reaction towards companion-type robots.

In this article, we propose that inter-individual differences
in elders’ age-related perceptions of themselves and their
environment play a relevant role regarding companion-type
robot acceptance. We suggest that two age-related percep-
tions are of particular interest in this context: Firstly, elders’
age-related self-images, i.e., elders’ age-related perceptions
of their own person, could affect robot acceptance, since
the individual self-image is known to affect behavior [2,
13, 52]. Secondly, elders’ age-related user image, i.e., their
age-related perceptions of the general older companion-type
robot user, could also play a relevant role in this context: A
user image stereotyping the person using the robot could put
elders off and reduce robot acceptance.

As little is known on elders’ user image of companion
type robots, we firstly investigate the age-related robot user
image using the companion-type robot dinosaur Pleo as
example. Secondly, we assess possible associations between
age-related self- and user images, and, finally we concentrate
on how the age-related self- and user images are associated
with robot acceptance.

1.1 Companion-Type Robots: Human-Robot
Interaction and Robot Acceptance

Companion-type robots are designed to mimic living beings
by appearance and function. Mostly, they resemble animals,
i.e., they can usually move their head, limbs, and tail, and
some of them can walk. They also utter noises and react
to voice and touch. A pre-programmed personality, mood
states, the need for “food”, and the occasional “illness”
are optional features implemented in some robots, and are
intended at further increasing the impression of a real animal
with its proper feelings and needs [e.g. 9, 15, 31].

Companion-type robots can show both proactive and
reactive behavior. As reactive behavior, for example, they
reward a user’s nurturing behavior by positive reactions such
as snuggling and cooing [9]. They can also show distress
(uncomforting sounds or turning away) as a reaction to mal-
treatment [48]. In contrast, proactive behavior is random
and not related to the user’s actions. On the one hand, this is
intended at fostering the impression of a real animal with its
own will and temper, and, on the other hand, this is assumed
to (re)orient the user’s attention towards the robot [50].
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Since it is the main aim of companion-type robots to pro-
vide positive, meaningful interactions between the robot and
the human user, they are designed to appear most appealing.
In particular, a disproportionately big head, big wide eyes,
and a small nose elicit the impression of a cute, unthreat-
ening little baby-animal [35]. This promotes the biological
drive to support and protect a helpless creature (see [20,
23, 49]).

According to [28], it is this biological drive which
prompts the user to take up interaction with the companion-
type robot, attracted by the appealing baby-animal design.
In this biologically-driven relationship-initiation phase the
formation of a relationship with the companion-type robot
is assumed to take place rather instantaneously at the start
of the first human-robot interaction. In the subsequent
behavior-dependent relationship maintenance phase, the
rewarding nature of the interaction with the robot and its
animal-like characteristics sustain an enduring human-robot
relationship. Thus, for the initial formation of a human—robot
relationship, the user’s attraction to the robot is key.

However, “beauty lies in the eye of the beholder” (Thuky-
dides, greek historican, 454b.c.—ca. 397b.c.) and humans
usually don’t adhere mindlessly to biological drives. Rather,
individual lifetime experiences, values, and cultural norms
can override these drives and affect human behavior and
attitudes. Consequentially, it can be assumed that these
aspects also play a relevant role for initial acceptance of a
companion-type robot in the relationship initiation phase.
Since negative ageing stereotypes are still prevalent in our
societies and affect not only how others perceive elders, but
also how elders perceive themselves, elders’ age-related self-
images may plays a particularly relevant role in this context.

1.2 The Self-Image in the Context of Robot
Acceptance

The self-image, also called self-concept, is defined as the
perceptions of a person regarding his or her own self, includ-
ing thoughts, feelings, and knowledge about the own iden-
tity [34]. According to [52], it is a multidimensional con-
cept with four aspects: the actual self-image (perceptions
about a person’s current, private self), the ideal self-image
(perceptions about the aspired self), the social self-image
(assumed perceptions of others about the own self), and the
ideal social self-image (aspired perceptions of others about
the own self).

The age-related self-images can be affected by current
ageing stereotypes as prevalent in the general population
[30]. According to one of the most influential models on
stereotyping, the Stereotype Content Model [16], elders
are generally perceived as high in the domain of warmth
(e.g., good-natured, friendly), but low in the domain of
competence (e.g., dependent, unable). Since these ageing
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stereotypes can become integrated into the individual self-
images, they can become relevant in guiding elders’ actions.
For example, it has been shown that more negative age-
related self-images can be associated with disengagement,
i.e., less preventive health behaviors [32], and less stimu-
lating activities as well as a less active social life [37, 47].
Transferred to the topic of companion-type robots, this leads
to the assumption that more negative age-related self-images
could be associated with higher rejection of a companion-
type robot.

1.3 Self- and User Image in the Context of Robot
Acceptance

The assumption of a direct association between self-image
and robot acceptance is supported by some consumer
research studies (e.g., [19]). However, this direct approach
has also been criticized for being too superficial [21].
Instead, it has been suggested that the self-image may exert
its influence in the context of the user image.

1.3.1 The User Image

The term user image (product image in consumer research)
denotes the characteristics attributed to the generalized user
of a product [52]. Current literature suggests that compan-
ion-type robots could have a rather negative user image. It
has been shown that elders associate the users of socially
assistive robots with being old, lonely, dependent, and suf-
fering from dementia [25, 40, 64]. Companion-type robots
could be associated particularly strongly with negative
ageing stereotypes, since their cute outer appearance and
animal-mimicking functions could evoke the perception of
a childish toy associated with infantilization of its user [28].
However, due to the qualitative nature of the available stud-
ies and limited sample sizes, knowledge on the user image
of companion-type robots is still very limited.

Moreover, little is known on how elders come to hold a
particular user image of companion-type robot users. How-
ever, it has been shown that user images can be constructed
and altered in order to maintain a positive self-image [1, 62].
For example, elders apply negative age-related stereotypes
for downward comparison [45], i.e., the negative evaluation
of a group providing for a more positive self-evaluation [63].
Within these lines, elders were found to reject an assistive
robot due to a subjective lack of need, independent of their
objective level of functioning, putting forward that the assis-
tive device has been developed for more impaired people
than themselves [64]. This finding suggests that elders could
construct the robot user image deliberately more negative
than their individual self-image in order to maintain a posi-
tive self-image.

1.3.2 The Role of Self- and User Image for Robot
Acceptance

Not only do elders use downward comparison to maintain a
positive sense of self, they are also found to actively avoid
the association with their age group in the presence of stim-
uli negatively related to age [61] in order to protect their
self-image and self-esteem [60]. In line with this finding,
Self-Congruity Theory [52] proposes that a better congruity,
i.e., fit, between the subjective robot user image and an indi-
vidual’s self-image should be associated with higher robot
acceptance, due to the human tendency to either maintain
the actual self-image or to improve it towards the ideal self-
image. According to [52], the valence of the difference (i.e.,
whether the self- or the user image is more positive) is of no
importance in this context.

Many of todays’ elders perceive themselves more posi-
tively than current general ageing stereotypes [51] and are
motivated to maintain positive age-related self-images
[27]. By contrast, companion-type robots are likely to be
attributed a negative, stereotyping age-related user image.
Therefore, low congruity between the self-image and the
user image could be associated with lower robot acceptance.
This assumption is also supported by current literature on
assistive device use by elders [24, 36, 42].

1.4 The Concept of Robot Acceptance: Cognitive
and Social Acceptance

As has been outlined above, the social facets of robot accept-
ance, i.e., attachment and companionship, may play a par-
ticularly relevant role in the context of companion-type
robots—more than for other types of assistive robots—, since
their effects depend on the user building a relationship with
the robot (also see [29]).

It has been shown before that people are indeed able to
built a relationship with a robot (e.g., [11, 18, 58]). None-
theless, the cognitive facet of robot acceptance, namely the
intention to use the robot, its perceived usefulness and its
perceived ease of use [22], are the most widely used meas-
ures of robot acceptance, whilst companionship and attach-
ment are only rarely ever assessed. In order to overcome
this drawback, the current study assesses both cognitive and
social robot acceptance.

2 Method
2.1 Aims of this Study
To date, little is known about how elders’ individual age-

related perceptions of themselves and of companion-type
robots affect robot acceptance in this target group. The
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Table 1 Demographic data,

. > - ’ n % M SD Range
independence, life satisfaction,
technical experience and social Gender (male) 18 64.0
integration of the participants Schooling (Abitur®: yes) 19 63.0
Relationship status
In a relationship/married 23 79.0
Single 5 21.0
Children (Yes) 21 71.0
Age (years) 71.00 4.85 63-83
Overall independence (scale range: 0-10)° 941 .99 7-10
Overall life satisfaction (scale range: 0-10) 8.18 1.33 5-10
Technical experience (scale range: 0-35) 26.50 7.51 10-35
Close social contacts (number) 12.21 15.41

N=28. *Equals A-levels

"Data of one participant had to be excluded due to individual difficulties with this question

self-image could play a relevant role in this context, but
it remains yet unclear whether the relationship between
self- and user image or the user image by itself affect robot
acceptance, particularly cognitive and social acceptance of
companion-type robots.

1. Since little is known on the user image of companion-
type robots to date, the current study firstly investigates
the age-related user image of this type of robot, using
the companion-type robot Pleo.

2. Current research suggests that the user image is con-
structed in the context of the self-image. In order to
examine this assumption we investigate

a. if self- and user image are related.
b. if the self-image is more positive than the user
image, as suggested by current literature.

Moreover, we investigate the association between the
self-image and robot acceptance by examining the follow-
ing two mutually exclusive hypotheses:

3. a. More negative self-images are directly associ-

ated with lower robot acceptance (disengagement

research), or

b. higher congruity between self- and user images is
associated with higher robot acceptance (Self-Con-
gruity Theory).

2.2 Robot

In this study, the commercially available companion-type
robot Pleo (Innvo Labs®), which is shaped like a dinosaur,
was used. Like all companion-type robots, Pleo has built-
in microphones, a camera, tilt and touch sensors, and can
move limbs, head, and tail. Furthermore, a pre-programmed
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personality is implemented in this robot. In addition, the
robot is also able to show different mood states depending
on the user’s behavior towards the robot. Moreover, Pleo
can walk and has a sleep—wake-cycle. For a more detailed
description of the robot’s features and functions, see [15].

2.3 Participants

A random sample of N=31 participants was recruited from
the University for the Elderly (U3L, Universitit des Dritten
Lebensalters) located at the Goethe University of Frank-
furt am Main, Germany. Elders were eligible for participa-
tion if older than 60 years of age and of good subjective
physical and cognitive health.! Data of three participants
had to be excluded, either due to difficulties filling in the
questionnaires or due to technical problems during the
human-robot interaction. Thus, the sample consisted of
N =28 participants.

Sample details are presented in Table 1. All participants
were Caucasian, and most of them were male and had taken
the Abitur (German A-levels). None of the participants had
met or learned about Pleo before. Note that, due to the fact
that bad physical und cognitive health was an exclusion
criterium, all participants showed rather high subjective
independence (range: 7-10, scale range: 0-10; assessed by a
single item, “All in all, how would you currently assess your
own independence? This means your ability to perform the
activities of daily life independently.”).

! The study was conducted in line with the ethical standards of the
American Psychological Association and the German Association
of Psychology (Deutsche Gesellschaft fiir Psychologie e.V., DGPs).
Informed consent (written and verbal) was obtained from all partici-
pants.
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Fig. 1 Companion-type robot dinosaur Pleo

2.4 Procedure and Design

This study relies on a correlational design; all data was
assessed by questionnaires. In order to introduce participants
to the robot Pleo, an introduction procedure consisting of
two parts was conducted with each participant in individual
sessions.

Since today many people are not familiar with what com-
panion-type robots can do, the first part was aimed at provid-
ing participants with information about Pleo’s features and
functions. To this end, a text was read out to the participants
while showing them a slide show of the robot on a laptop
(see Fig. 1).

In order to avoid biasing participants’ perceptions of the
robot and its user, care was taken to introduce Pleo as both
an attractive gadget for younger people and as a therapeutic
tool for elders with dementia. In previous studies we had
gained the experience that media exposure biased some
elder participants towards assuming that the robot is only
used with people with dementia, whilst other participants,
who had mostly not heard of companion-type robots in the
media, assumed that it was a “cool gadget”. When present-
ing the robot, the interviewer was not aware of the indi-
vidual participants mind-set and therefore could introduce
a bias by choosing a discrepant way of presenting the robot.
Consequentially, the introduction session pointed out both
mind-sets in order to establish a common frame of reference
amongst participants in this study.

The second part of the introduction procedure provided
opportunity for human-robot interaction. The respective par-
ticipant was seated at a large table in order to ensure that he/
she had enough room to interact freely with the robot. Next,
Pleo was presented and the participant was instructed that
he/she could interact with the robot as he/she pleased. As a
matter of caution, the participant was also told not to break
the robot by letting it drop or by lifting it by its neck or tail.
Then the interviewer left the room to prevent the participant
from engaging in an interaction with the interviewer instead
of with Pleo, and to ensure that the participant could inter-
act freely with the robot. The participant interacted with
the robot for approx. six minutes (M =5.83, SD=1.22),
before the interviewer re-entered the room. In our previous
studies, we had made the experience that most participants
had explored Pleo and its capabilities by this time and had

formed a first impression of it. Finally, the participant was
asked about his/her impression of the robot and the answers
were noted in keywords (not part of the current article).
Then the participant answered the questionnaires about his/
her acceptance and the user image of Pleo.

Demographic data and the different self-images were
assessed prior to the introduction procedure. Question-
naires on the actual self-image were mailed to participants
and filled in already at home, whereas the ideal and the ideal
social self-images were assessed at the lab. The timely delay
between the two assessments was intended at avoiding inter-
ferences between actual and ideal aspects of the self-image.

2.5 Instruments
2.5.1 Intention to Use and Functional Robot Acceptance

Functional robot acceptance was measured by two con-
structs, perceived ease of use and perceived usefulness. All
of the constructs were measured on a 5-point Likert scale
(I agree... 1 =not at all/5=completely) by items by [22]
which were adapted to the affordances of the study. Two
items of the ease of use scale were omitted, as they were not
applicable to the current study (“I think I can use the robot
dinosaur when there is someone around to help me./I think
1 can use the robot dinosaur when I have a good manual.”).

2.5.2 Social Robot Acceptance

Social robot acceptance was measured by the Emotional
Attachment Scale (EA-Scale) developed by [57] and the
Comfort from Companion Animals Scale (CCAS) developed
by [65]. One of the items of the EA-Scale was omitted due
to overlap with an item of the CCAS (“The robot dinosaur
makes me feel loved.”). Furthermore, one CCAS item had
to be omitted because most participants voiced difficulties
understanding the item ( “The robot dinosaur is a source of
constancy in my life.”).

A principal component analysis (Varimax-rotation with
Kaiser-Criterion) was performed for each of the scales.
EA-Scale showed a one-factorial solution with factor load-
ings A>.75 (R*=74%). Internal consistency was found to
be very high (Conbach’s a =.96). The mean score was used
for analysis. For the CCAS, two factors were identified (see
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Table 2 Items of the Comfort
from Companion Animals Scale

Nurturing behavior  Fun and reassurance

(CCAS) 11. The robot dinosaur makes me feel trusted .78
10. The robot dinosaur makes me feel loved 77
5. The robot dinosaur makes me feel needed .87
2. Having a robot dinosaur gives me something to care for .80
1. The robot dinosaur provides me with companionship .76 52
7. Having a robot dinosaur gives me something to love .66 .59
9. I enjoy watching the robot dinosaur .87
6. The robot dinosaur makes me laugh and play .88
3. The robot dinosaur provides me with pleasurable activity 71
8. I get comfort by touching the robot dinosaur 57

Principal Component Analysis, Varimax-rotation with Kaiser Criterion (R? =75%)

Factor loadings assigned to scale are in boldface

Table 2). Both showed high to very high internal consist-
ency (nurturing behavior: Conbach’s a=.94; fun and reas-
surance: Conbach’s a=.86). The mean score of each scale
was computed, and the mean of these scale scores was used
for analysis.

2.5.3 Self-Image and User Image

The user image was measured by a study-specific seven-
point semantic differential consisting of 11 bipolar items
(see Table 3). The scale was developed previously in an
online study on the user image of companion-type robots
in younger and older adults (see [Dudek 2017, unpublished
manuscript], [3]). In this study, two of the original 13 items
were omitted, because principal component analysis showed
that they loaded poorly onto the factors in the current sam-
ple. The analysis yielded two factors, “warmth” and “com-
petence”, in line with the Stereotype Content Model by Fiske
et al. [16]. The individual scales and the overall question-
naire showed high to very high internal consistency (overall:
Conbach’s a=.93; warmth and competence, respectively:
Conbach’s «=.89). The scale means as well as the overall
mean, computed as the mean of the individual scales, was
used for analysis.

The computation of self- and user image congruity
requires self- and user image to rely on the same items.
Consequentially, the items of the self-image questionnaires
were identical with the user image items, with the instruc-
tions being adapted respectively. In this study, the actual, the
ideal, and the ideal social self-image were assessed.

2.5.4 Self-Image/User Image Congruity
Although self-/user image congruity has been computed

in many different ways [7, 54], the Generalized Absolute-
Difference Model showed to be the best mathematical model
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in this context [53]. It is computed as the absolute value
of the summed differences between the self-image scores
and the user image scores, divided by the number of items
considered [53]:

Co=| DUt =St| ) [ n
i=1

with C, =congruity score for participant (k); n=number of
items (i); UL, =user image score of item (i) of participant
(k); SL, =self-image score of item (i) of participant (k).

This means that higher scores of C, denote lower congru-
ity, which is counter-intuitive. In order to facilitate intuitive
understanding, we inverted C, with C;,,=- C;. As a con-
sequence, in this paper, higher scores of C, denote higher
congruity.

Table 3 Items (translated from German) of the self- and user image
questionnaire and user image factor loadings after principal compo-
nent analysis

Competence ~ Warmth
1. Powerless-powerful 74 .55
2. Conservative-modern .81 —-.12
3. Passive-active 74 37
4. Suffering from dementia-cognitively fit .72 45
5. Dependent-independent 71 47
6. Cold-warm .07 .86
7. Insensitive-sensitive 11 75
8. Unfriendly-friendly 45 .78
9. Socially isolated-socially integrated 42 .70
10. Little interested in communication- .56 .67
communicative
11. Egocentric-empathetic 51 .66

Principal Component Analysis, Varimax-rotation with Kaiser Crite-
rion (R*=71.46%)

Factor loadings assigned to scale are in boldface
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2.5.5 Technology Experience

For additional analyses, general technology experience was
assessed using the sum score of a 7-item questionnaire used
in prior research (e.g., “A job that had a lot to do with tech-
nology, wouldn’t have been for me.”, 1 =does not apply at
all/5 =applies perfectly; [38]). Factor analysis showed a
one-factorial solution; internal consistency was very high
(Cronbach’s a=.92).

2.6 Data Analysis

Data analysis was performed using IBM SPSS statistics,
version 20.

Within-group comparisons were performed using depend-
ent t-Test for simple comparisons and repeated measures
ANOVA for multiple comparisons. Since sphericity could
not be assumed, the Greenhouse—Geisser correction was
applied and multivariate tests are reported.

Between-group comparisons between normally dis-
tributed data were performed using independent t-Tests.
Mann—Whitney-U-Tests were used for non-parametric
comparisons.

Correlations between normally distributed data were
computed as Spearman Correlation Coefficients, whilst
Spearman Rank Order Correlations were used for non-
parametric comparisons. The significance of the difference
between correlation coefficients was assessed using Steiger’s
z-Test.

The significance level was generally set at a=.05 for two-
sided tests and at «=.025 for one-sided tests. For multiple
tests, Bonferroni-correction was applied.

3 Results

3.1 Preliminary Analysis: Discriminability of Actual,
Ideal and Ideal Social Self-image

As previous research has found that people have difficulties
discriminating between the social and the actual/ideal self-
image, we first investigated the discriminability of these two
constructs.

Repeated measures ANOVA shows that the overall scores
of the three self-images differed significantly from each
other, F=(2,26)=4.34, p=.024, p 2= 25. Pairwise com-
parisons indicate that this was caused by significant differ-
ences between the actual (M =5.85, SD=.53) and ideal self-
image M= 6.19, SD= A45), diﬁrideal-acmal =.34, pP= .017,95%
CI[.05, .64]. No significant differences were found between
the ideal social self-image (M =6.12, SD=.51) and the ideal
self-image (diffparideat sociar=-08> 18, 95% CI [-.13, .29])

or the actual self-image (diff; 27, ns,95% CI
[—.03,.56]).

As participants obviously had difficulties discriminating
the ideal social self-image from the other self-images, the

scale was discarded from further analysis.

deal social-actual —

3.2 Pleo User Image

As can be seen in Fig. 2, the overall user image was found to
be slightly positive. (M =4.40, SD=1.12). Analysis of the
subscales reveals that the robot user is perceived as slightly
higher in warmth (M =4.55, SD =1.12) than in competence
(M=4.22,SD=1.27).

Mean values of the individual items of the user image
as presented in Fig. 3 show that both negative and positive
evaluations of the elder robot user can be found on both the
warmth and the competence scales. On average, participants
perceived the general robot user as particularly negative
regarding a lack of social contact. Particularly positive were
perceptions of the robot users as modern and cognitively
healthy, as well as warm, sensitive, friendly, and empathetic.

A look at the standard deviation of each of the items (see
Fig. 3) shows that the variance in the individual item scores
was high (.99 < SD < 1.83), indicating a high inter-individual
variance in the Pleo user image.

3.3 Relation between User Image and Self-Image
3.3.1 The User Image in Relation to the Self-image

Mauchly’s test indicated that the assumption of sphericity
had been violated, X2(2) =15.92, p<.01. Therefore multi-
variate tests are reported (€ =.69).

The results of the repeated measures ANOVA confirmed
significant differences between the actual, ideal, and the user
image, F(2, 26)=27.74, p<.01, 1, >=.68. Follow-up con-
trasts comparing the actual and ideal self-image against the
user image revealed, as expected, that both aspects of self-
image are evaluated significantly more positive than the user
image (actual: M=5.85, SD=.53; F(1,27)=41.07, p<.001,
np 2= 60; ideal: M=6.19, SD = .45; F(1, 27)=57.36,
p<.001,1,%=.68).

T-Tests with Bonferroni correction (o, =.025/4=.006)
were used to follow-up these findings for the two scales of
warmth and competence. Regarding perceived warmth,
both actual and ideal self-image (M,,,,,=5.85, SD=.76;
M4, =6.10, SD=.56) turned out to be significantly more
positive than the user image (M =4.55, SD=1.12), actual:
t(27)=- 5.09, p<.001, r=.70; ideal: #(27)= — 6.42,
p<.001, r=.78. With regard to perceived competence,
again, both actual and ideal self-image (M,.,,,,=5.85,
SD=.51; M,;,,,=6.31, SD=.49) were found to be sig-
nificantly more positive than the user image (M =4.22,
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Fig.2 Mean values of the user
image, actual self-image and
ideal self-image overall and the
scales warmth and competence.
Error bars denote standard error

Fig.3 Mean values of the indi-
vidual items of the user image.
Error bars denote standard
deviation

negative < » positive

neaative € » positive

1 2 3 4 5 6 7 8 9
UUser image Actual self-image Ideal self-image
1: Overall 4: Overall 7: Overall
2: Warmth 5: Warmth 8: Warmth
3: Competence 6: Competence 9: Competence

2
4

I [

1 2 3 4 5 6 7 8 9 10 11
W Factor 1: Competence CIFactor 2: Warmth

1: conservative — modern 7: unfriendly — friendly

2: suffering from dementia — 8: cold —warm

cognitively fit 9: insensitive — sensitive

3: powerful — powerless 10: egocentric — empathetic

4: passive — active 11: little interested in communication —

5: dependent — independent communicative

12: socially isolated — socially integrated

SD=1.27), actual: #(27)= — 56.40, p <.001, r=.78; ideal: self-images slightly more negative than the user image (scores:

127)= —7.93, p<.001, r=.84.

.15 and .58, respectively; scale range: 10-7l), and n=2 par-

The assumption that the user image is generally more neg- ticipants (7%) rated their ideal self-image slightly more nega-
ative than the self-image, however, could not be confirmed. tive than the user image (scores: .27 and .12, respectively;
In this sample, n=2 participants (7%) rated their actual  scale range: I0-7I). Analysis of person-related characteristics
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Table 4 Association of self-image, user-image, and congruity with acceptance of Pleo

Intention to use

Functional acceptance

Social-emotional acceptance

Perceived Perceived ease  Attachment Companionship
usefulness of use

Actual self-image (overall) ns ns A45%* ns ns

Ideal self-image (overall) ns ns ns ns ns

Actual self-/user image congruity (overall) ST ns ns LG5 FE Sqrx

Ideal self-/user image congruity (overall) 56%* 32% ns 69 HE L69%H%

Non-parametric Spearman’s Rho Correlation Coefficients
*p<.05.; #¥p <.01; **¥p<.001

Bold: correlations remaining significant after correcting «=.025 to «

revealed that one of the three participants concerned in total
was living alone, had no children, and showed comparably
low life satisfaction. The second one was also living alone and
had no children, and suffered from comparably low subjective
independence. The third one was married, but also had no
children, and stated to have no significant others apart from
his wife.

3.3.2 Association Between Self- and User-Image

Mean overall and factor scores of user image, actual self-
image, and ideal self-image are shown in Fig. 2. Contrary to
the initial expectation, no significant correlations of the user
image with the actual (r (28)=.09, ns) or ideal self-image
(r 28)=— .11, ns) were found.

3.4 Association of Robot Acceptance with Self-
and User Image

3.4.1 Association Between Self-image and Robot
Acceptance

The results are presented in Table 4. After Bonferroni-
correction for multiple testing (o ., =.025/20=.0013),
a statistical trend regarding an association between per-
ceived ease of use and the actual self-image (r,(28) = .45,
p=.008) was found. This was due to significant correlation
between ease of use and the actual self-image regarding
warmth (r(28)=.49, p=.004) but not regarding competence
(ry(28)=.23, ns). No other significant association between
self-image and acceptance of Pleo was found.

3.4.2 Association of Self- and User-lmage Congruity
with Robot Acceptance

As can be seen in Table 4, perceived ease of use showed no

significant correlation with self-/user image congruity.
After Bonferroni-correction for multiple testing

(Cteore =-025/20=.0013), intention to use, attachment,

corr

=.025/20=.0013 due to multiple testing

and companionship correlated highly significantly with
congruity for both the actual and the ideal self-image.
Detailed analysis showed that with regard to the ideal
self-/user image congruity, correlations with intention to
use, attachment, and companionship were slightly higher
for the factor of competence than of warmth (see Table 5).
However, the correlation coefficients did not differ signifi-
cantly (crit. value =2.06; df=25; |- .75 < Izl < |- .511). A
trend for higher correlations according to one of the fac-
tors could not be observed with regard to the actual self-/
user image congruity (see Table 5).

Finally, a trend for a correlation of ideal self-/user
image congruity with perceived usefulness of the robot
was found (7(28) =.32, p=.048). This association was
due to a slight trend for a correlation between perceived
ease of use and the ideal self-image regarding compe-
tence (r,(28)=.31, p=.052), but not regarding warmth
(r((28)=.23, ns).

Table 5 Association of congruity
with acceptance of Pleo

scales competence and warmth

Intention to use Social-emotional acceptance

Attachment Companionship
Actual self-/user image congruity
Competence  .45* .627%* 4TH*
Warmth STEE S5%* AT
Ideal self-/user image congruity
Competence  .55%* .66%* .66%*
Warmth 49% 59 58k

Non-parametric Spearman’s Rho Correlation Coefficient
*p<.05.; *¥p<.01
Bold: Higher coefficients when comparing competence and warmth
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3.5 Additional Analysis
3.5.1 Gender Differences

With regard to the overall user image, male and female par-
ticipants showed no significant differences (male: M =4.42,
SD=.98; female: M=4.36, SD=1.39; 1(26) = .12, ns). With
regard to robot acceptance, male and female participants
showed no significant differences regarding their intention
to use the robot (male: Mdn=1.50; female: Mdn=1.17,
z=- .70, ns), its perceived usefulness (male: Mdn=1.00;
female: Mdn=1.00; z=— .08, ns), and its perceived ease of
use (male: Mdn=4.00; female: Mdn=4.00; z=— .66, ns).
Furthermore, they did not differ regarding their attachment
(male: Mdn=3.78; female: Mdn=2.72; z=— .82, ns), and
companionship towards the robot (male: Mdn =1.96; female:
Mdn=2.16; z=— .17, ns).

3.5.2 The Relevance of Technology Experience

A trend towards an association between higher general
technology experience and higher perceived ease of use
was shown (r,(28)=.36, p=.057), but no other significant
correlations with variables of robot acceptance were found
(.03 <1ry(28)l < .16, ns). Moreover, no significant associa-
tion of technology experience and the user image was found
(r,(28)=.18, ns).

4 General Discussion

The current study investigates the role of two specific
domains of age-related perceptions for the acceptance of
companion-type robots, i.e., the individual age-related self-
image and the age-related user image, using the robot dino-
saur Pleo as example. It was examined whether the self-
image was directly associated with robot acceptance, as
predicted by disengagement research, or if it affected robot
acceptance in the context of the user image, as predicted
by Self-Congruity Theory [52]. Moreover, the structure of
elders’ age-related robot user image was also investigated.

4.1 How is the Elder User of a Companion-Type
Robot Perceived by Elders?

4.1.1 User Image in Relation to the Self-Iimage

Corroborating current research findings [25, 40, 65], the cur-
rent study shows that, on average, participants perceive the
general companion-type robot user more negative than them-
selves. Only three participants rated the robot user image more
positive than their own self-image. They were found to suffer
from particularly pronounced impairments in independence,

@ Springer

psychological, or social functioning as compared to the major-
ity of sample. Since participants in this study were rather
healthy and active, it can be suggested that, in a more diverse
sample, a higher percentage of participants might rate the user
image more positive than their own self-image.

It has to be noted further that the variance in the user image
was quite large in this sample, indicating that this is a highly
subjective construct. According to Pape et al. [42], acceptance
of disability, i.e., fear of future disability, personal values, and
health-related coping can influence the meaning ascribed to
assistive devices. Consequentially, future studies should inves-
tigate to which extend elders’ individual characteristics affect
their perceptions of the robot user.

According to the findings of this study, it is not the self-
image which affects the user image as no significant asso-
ciation between self- and user image was found. Contrary
to what was suggested by previous findings [42, 64], this
speaks against the construction of the user image in rela-
tion to the self-image. As one possible explanation, most
participants may have recognized the robot as an assistive
device, deducing therefrom that impaired elders might be
the appropriate user group and describing the general user
accordingly. Hence, the cognitively and physically healthy,
active participants might have constructed a user image
naturally more negative than their own.

4.1.2 Stereotypization of Robot Users

In accordance with general ageing stereotypes [16], the gen-
eral Pleo user was perceived as high in warmth, but compa-
rably low in competence. In particular, the general robot user
was perceived as socially isolated, a finding in line with the
current literature [25, 40]. A real robot user eliciting nega-
tive ageing stereotypes in others may experience negative
social consequences, e.g., social isolation or age-inappropri-
ate treatment. In order to avoid stigma by robot use in public,
more research is needed investigating the stigma associated
with public robot use by elders and the factors affecting age-
related user perceptions.

However, it also needs to be pointed out that the general
Pleo user was also perceived as rather modern and cogni-
tively healthy, probably because he/she is engaging with
modern technology. Such positive aspects of the user image
can counteract stigma and should thus be pronounced more
strongly by the robot’s design.

4.2 Association of Robot Acceptance
with the Self-Image and the Role of the User
Image

With regard to the relationship between the age-related self-
images and robot acceptance, the only significant association
was shown between higher perceived ease of use and a more
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positive actual and ideal self-image. The association was
particularly pronounced in the domain of warmth. Possibly
participants perceiving themselves as warm and aspiring to
be warm felt more confident to attend to the “needs” of the
robot dinosaur. However, a general pattern of direct associa-
tions between the self-images and robot acceptance was not
observed.

Instead, the findings largely support the assumptions of
Self-Congruity Theory for the acceptance of companion-
type robots by elders. Higher actual self and ideal self-/user
image congruity was associated with higher intention to use
the robot and higher social robot acceptance. This suggests
that participants identifying more with their subjective robot
user image were not only more likely to use it, but also felt
less embarrassed to emotionally commit to it.

Whereas self- and user image congruity are significantly
associated with intention to use and social aspects of robot
acceptance, it is hardly associated with functional robot
acceptance. Instead, higher ease of use was related to higher
technology experience, suggesting that participants perceive
the robot as a technological artifact, not as living being. This
is intriguing, considering that a more positive self-image in
the domain of warmth, i.e., social qualities necessary when
in touch with living beings, is also associated with higher
ease of use, suggesting that the robot is perceived as live-
like. Prior research suggests that people use mental schemas
of previous experience (i.e., technology/living beings) based
on their first impression of the robot (e.g. [4, 14, 43, 44, 56]).
Hence, the results suggest that Pleo was identified as having
aspects of both robot and living being. This reinforces the
assumption that mental schemas about the robot and its user
can affect robot acceptance in complex ways.

In addition, higher congruity between the ideal self-image
and the robot user image was associated, although not sig-
nificantly, with higher perceived usefulness of the robot.
Since the relationships between variables of acceptance and
ideal self-image were somewhat more pronounced in the
domain of competence than in the domain of warmth, it can
be assumed that participants considered the robot as a useful
mean of self-enhancement, perceiving the robot user to have
age-related competences they themselves want to achieve.

Taken together, these findings show that elders’ identi-
fication with the robot user group, not only with regard to
their current, but also with regard to their aspired self-image
is important for robot acceptance by elders.

4.3 Limitations of the Study

It has to be noted that most participants in this study were
Caucasian and highly educated. It has been shown that cul-
ture affects robot preference on a number of dimensions of
robot design [33]. Hence, cross-cultural studies are neces-
sary to determine the robot user image in different cultures

or nationalities. Moreover, participants were rather high
functioning, in line with their very positive self-images.
As a consequence, the number of elders holding a self-
image more negative than their robot user image may have
been underestimated as compared to the general popula-
tion. However, since the study by Wu et al. [64] suggests
that elders tend to hold a rather positive self-image regard-
less of their objective abilities, no definite conclusion in
this regard can be drawn. More diverse samples, including
more impaired elders, are needed to extend the current
results.

Moreover, in this study, only one companion-type robot
was used as example. As it has been shown that product
design can affect the brand or product image [62], research
involving a variety of robots is needed in order to investi-
gate what exactly causes specific user images and to extend
the current results to other classes of robots for elders.

Finally, attachment and companionship were measured
after a single six-minutes interaction in the relationship-
initiation phase of human-robot interaction. Of course,
it can be assumed that attachment and companionship
change and develop in the following relationship-main-
tenance phase. Although long-term studies on changes in
robot acceptance exist [12, 15], they mostly concentrate on
cognitive aspects of robot acceptance, i.e., usefulness, ease
of use, and intention to use. Further studies are needed to
investigate the change in companionship and attachment
towards the robot in the longer run.

4.4 Study Implications

Firstly, the current study shows that a negative robot user
image might stigmatize elder robot users. Secondly, the
study also shows that elders tend to reject a robot if its user
image does not fit their individual self-image. This means
that elders may not only evaluate the general robot user
negatively, this negative evaluation can also affect their
robot acceptance. The moderate to strong associations
between self-/user image congruity and robot acceptance
shows how relevant the topic is with regard to elders’ robot
acceptance. As a consequence, it seems that the biologi-
cally driven attraction to the robot in the relationship-initi-
ation phase [28] can indeed be overridden by socially and
culturally shaped attitudes and values, as can be expected.
Yet, although a negative user image can counteract the bio-
logical drive to attend to the robot, a positive user image
can also foster robot attraction. After all, the robot user is
also perceived as modern and cognitively healthy.

These findings have important implications for both
robot implementation and robot development.
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4.4.1 Implications for Robot Implementation

Although user images are shaped by presentations in the
media, they are also shaped by social norms in the indi-
vidual’s vicinity. Therefore, possible group dynamics have
to be kept in mind when introducing a robot to a group of
elders for the first time: Chances are high that in a group
introduction, the individual robot user image will converge
towards the user image voiced most loudly or vehemently
in the group. As a consequence, elders with low self-confi-
dence may refrain from robot use if confronted with a nega-
tive group opinion. This means that particularly those elders
who could benefit most from robot use would exclude them-
selves from this experience due to fear of stigmatization [3]
showed, e.g., that elders with symptoms of depression are
those who might be most reluctant to use a companion-type
robot whilst at the same time being those probably most in
need of it. Consequentially, private introduction sessions,
addressing the elder person’s individual user image in the
context of his/her self-image, are to be preferred. These ses-
sions are not primarily intended at impacting on the indi-
vidual elder’s user image—research is needed if and how
the individual user image can be modified in the first place-,
they are aimed at giving less self-confident elders the oppor-
tunity to positively experience the relationship-initiation
phase with the robot without being demotivated by others.
Moreover, elders should be given the opportunity to choose
between group and private robot interaction opportunities in
order to encourage less self-confident elders to interact with
the robot beyond the first relationship-initiation phase. Pri-
vacy could allow them to build up a lasting relationship with
the robot in the relationship-maintenance phase in private.
On more general grounds, self-images are shaped by
cultural norms and general ageing stereotypes as present in
our society [26, 55]. All the same, individual user images
are also shaped by public opinion, which, in turn, is largely
shaped by the media. Participants in this study seemed to
recognize the robot as an assistive device for frail elders
despite the fact that both scenarios, assistive device for peo-
ple suffering from dementia and an interesting gadget for
modern elders, were highlighted in the introduction session.
This is most probably due to the presentation of companion-
type robots in German media. Hence, researchers and robot
producers need to be conscientious about how to introduce
a robot to the general public, since emphasizing age-related
losses could reduce robot acceptance in the target group.

4.4.2 Implications for Robot Development and Future
Research

Of course, it would be preferable in the first place to offer

companion-type robots with a positive user-image so that
elders can more easily commit to the robot without fear of
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stigmatization. Robot development research can contribute
to this end by designing robots highlighting positive aspects
of the user image (i.e., a modern mind-set) by appearance
and function, whilst avoiding the association with nega-
tive aspects of the user image (i.e., social isolation). Ethi-
cal design is one of the targets of the IEEE Onthological
Standard for Ethically Driven Robotics and Automation Sys-
tems [41] which is currently developed. The requirement of
a positive user image should be represented in the robotic
ontological standard since it contributes to a more ethical,
i.e., less stereotyping, design of companion-type robots.

Yet, although much research has been presented regarding
the role of robot design for robot acceptance (e.g., [6, 33, 46,
59]), the user image has not received any attention. There-
fore, research using a variety of robots is needed to identify
which key features of appearance and functions elicit a cer-
tain user image. In this context, it could be particularly inter-
esting to investigate how to balance robot design between
biologically driven attraction and norm-based repulsion. It
could become apparent that the overly cute robot design as
currently preferred for companion-type robots is, in fact,
counter-productive to their acceptance. Since user charac-
teristics like culture, gender, or education can affect robot
acceptance [17], future research should also investigate the
effects of different user characteristics on the user image.

Moreover, since elders prefer a robot of which the user
image is similar to their own age-related self-image, a
matching design could largely improve robot acceptance.
This calls for the development of a variety of companion-
type robots differing by design or to an individually adaptive
robot design. As a consequence, it is not only important to
know which robot characteristics elicit a certain user image,
but it is also mandatory for robot developers to attain a thor-
ough knowledge of the respective target group.

4.5 Conclusions

Taken together, the current study shows that elders’ inter-
pretations of new technologies, i.e., robots, play a very rel-
evant role with regard to their acceptance. Although nega-
tive reactions to companion-type robots and inter-individual
differences in their acceptance have been reported [10, 12,
15], they are only rarely systematically addressed in current
studies. Associated research domains, e.g., research on the
non-use of assistive devices in general, have already pro-
ceeded further on this topic, presenting a body of research
on reasons for use and non-use of assistive devices. The
current study parallels these results in the domain of robot
acceptance by showing that a subjective need is not the only
factor affecting robot acceptance and use.

Moreover, the current study shows that the associations
between user characteristics and robot acceptance can be
complex and may thus be easily overlooked. This would
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largely impair our understanding of robot acceptance in the
elder population. By using theories from social science to
explain variance in robot acceptance, it shows that social
sciences can contribute to developing ethical and acceptable
robot design by investigating how elders perceive and assign
meaning to new technologies, and by identifying factors
influencing these judgments. This does not only enlarge our
scientific understanding of elders’ views on new technolo-
gies, but can also help to minimize stigma by design and to
improve acceptance in the elder population.
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