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robot: Implications for robot design. Gerontechonology 2018;17(4):215-231;  https://doi.
org/10.4017/gt.2018.17.4.003.00  Background  Robot acceptance by older adults has been 
shown to vary widely, hence the question arises how to foster robot acceptance in this 
target group. Most older adults have little experience with and knowledge about robots. 
Therefore, general experience acquired during a lifetime in robot-related domains and 
the provision of robot-specific expertise can be valuable resources to improve older 
adults’ initial anxiety and attitude towards a robot.  Aim  Previous studies have only 
considered the role of general experience and increasing robot-specific expertise sepa-
rately. The current study investigates their dynamic interplay at older adults’ first en-
counter with two social robots. Additionally, the study assessed the role of the robots’ 
design (zoomorph vs. mechanoid appearance and functions) for the relationship be-
tween different domains of general experience (animal and technology experience) and 
robot acceptance.  Methods  In this study, N = 27 older adults (aged 65 - 81 years) were 
introduced consecutively to two social robots, i.e., the zoomorphic robot Paro and 
the mechanoid robot Giraff. A stepwise introduction procedure was used to gradually 
increasing robot-specific expertise. Anxiety and attitude towards the respective robot, 
as predictors of robot acceptance, were assessed repeatedly throughout the introduc-
tion procedure. Technology and animal experience were assessed as relevant domains 
of general experience.  Results  General experience was beneficial for the older adults’ 
initial levels of anxiety and their attitudes towards both robots, with relevant domains 
of general experience varying according to the robots’ designs. With increasing robot-
specific expertise, attitude ratings improved and the relevance of general experience 
for anxiety and attitude decreased. Older adults with less general experience profited 
particularly well from increasing robot-specific expertise.  Conclusions  As general ex-
perience and robot-specific expertise are important resources for robot acceptance, 
the need for a more thorough consideration of these aspects in robot development and 
implementation research is discussed.
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IntroductIon
In the future, robots will become more and more 
common in our daily lives. Particularly social ro-
bots, i.e., robots able to express emotions and to 
interact in a social manner with humans, will of-
fer help with daily routines. Facing an aging pop-
ulation, specific interest has recently been taken 
into developing assistive robots to support the 
older members of society. Although often only 
prototypes, a wide variety of robots are already 
available to date to support older adults with the 
accomplishment of everyday living tasks, health-
care, and psychosocial needs.

The willingness of older adults to accept such ro-
bots in their homes, however, seems to vary wide-
ly (e.g., Giuliani, Scopelliti, Fornara, Muffolini, & 
Saggrese, 2003; Frennert & Östlund, 2012; Beer, et 
al., 2012). As these interindividual differences re-
main largely unexplained, analyzing relationships 
between characteristics of older robot users and 
robot acceptance is necessary in order to identify 
facilitators and barriers to robot acceptance.

Experience with robots and robot-related do-
mains as a resource for robot acceptance
A user characteristic known to play a relevant 
role in the acceptance of new technologies is 
experience, defined as the familiarity and knowl-
edge regarding the technology of interest (Sun & 
Zhang, 2006). Empirical evidence from research 
on computer use and acceptance by older adults 
supports the relevance of experience for robot 
acceptance (e.g., Gonzáles, Ramírez, & Viadel, 
2015; Jay & Willis, 1992). These findings also sug-
gest that anxiety and attitude towards the technol-
ogy of interest are particularly prone to the effects 
of experience. However, it has to be noted that 
current theoretical models of robot acceptance 
(e.g., Heerink, Kröse, Evers, & Wielinga, 2010) 
treat both anxiety and attitude towards a specific 
robot not as measures of acceptance per se, but 
as predictors of robot acceptance.

In robot acceptance research, the role of two 
types of experience, i.e., robot-specific exper-
tise and general expertise in robot-related do-
mains, as a resource for low anxiety and a posi-
tive attitude of older adults towards robots have 
been considered.

Firstly, robot-specific expertise, i.e., experience 
with and knowledge about specific robots, is lim-
ited in younger people and even more so in older 
adults (e.g., Ezer, Fisk, & Rogers, 2009; Mitzner 
et al., 2011; Broadbent et al., 2010). Due to this 
floor effect, no association between experience 
with robots and robot acceptance has been found 
to date (Broadbent et al., 2010; Ezer et al., 2009). 
Fostering robot-specific expertise by introduc-
ing older novice users to robots could provide 

a mean to further increase robot acceptance in 
the target group. Current research findings on this 
topic, however, are rather inconclusive, and stud-
ies are difficult to compare. Some studies show 
no change in older adults’ attitude and anxiety 
(attitude: Damholdt et al., 2015, Kuo et al., 2009; 
anxiety: Wu et al., 2014), whereas a trend towards 
a more negative attitude has also been reported 
(Wu et al., 2014). Further studies report signifi-
cant improvements in anxiety and attitude due 
to increasing robot-specific expertise (Stafford et 
al., 2010; Broadbent et al., 2010). Differences in 
study characteristics might explain the discrepant 
findings. The available studies vary widely regard-
ing attitude measure (general vs. robot-specific 
attitude), types of robots used, and frequency of 
exposure to the robot (repeated vs. single expo-
sure), as well as sampling (healthy vs. cognitively 
impaired older adults, living independently vs. 
retirement home residents). Consequently, it re-
mains yet unclear whether increasing robot-spe-
cific expertise is beneficial for older adults’ anxi-
ety and attitudes towards robots.

Secondly, due to the lack of robot-specific ex-
pertise, older adults can be assumed to rely on 
general experience in robot-related domains, e.g., 
general technology experience, when confronted 
with a robot for the first time. On the one hand, 
the beneficial role of general experience for radi-
cal innovations such as robots has been doubted 
(see Dewar & Dutton, 1986). On the other hand, 
people are generally known to use their experi-
ence in related domains to guide their behavioral, 
emotional and attitudinal reactions towards a new 
object, i.e., a robot, when no specific expertise is 
available (e.g., Gentner & Smith, 2012; Gentner 
& Markman, 1997). Since older adults have lived 
through several decades of technological devel-
opment, it seems obvious that older adults use 
their technology experience to apply it to new 
technologies like robots (see O’Brian, Rogers, & 
Fisk, 2012). Indeed, the few available studies re-
port positive associations between general tech-
nology experience and older adults’ attitudes to-
wards both particular robots and robots in general 
(Pino, Boulay, Jouen, & Rigaud, 2015; Ezer et al., 
2009; Heerink, 2011). However, as general tech-
nology experience varies widely among the older 
population (O’Brian et al., 2012), older adults can-
not be expected to benefit all equally from this 
resource. With regard to robot-related anxiety, no 
study considering the role of general technology 
experience was identified.

These findings indicate that general experience 
in robot-related domains can be a valuable re-
source for older adults’ initial anxiety and attitude 
towards a robot in the absence of robot-specific 
expertise, i.e., before they interact with a robot for 
the first time. In contrast, robot-specific expertise 
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gained through information about and interaction 
with the robot at first encounter with it provides 
the ground for later robot acceptance. During the 
first encounter, however, the two types of experi-
ence can be suggested to interact in a dynamic 
interplay. This interplay can be assumed to affect 
older adults’ subsequent anxiety and attitude to-
wards the robot. However, no study was found 
to investigate the role of both general experience 
and robot-specific expertise simultaneously.

Furthermore, the role of the robot’s design, i.e., 
the combination of appearance and function, 
has not yet received much attention in robot 
acceptance research. So far, research has con-
centrated on the role of general technology ex-
perience for older adults’ anxiety and attitude 
towards robots, but there is no reason to assume 
that this is the only relevant domain of general 
experience in this context. Rather, relevant do-
mains may depend on the robot’s design. Since 
the first encounter with a robot sets the course 
for its future acceptance, research is needed in 
order to clarify the role of general experience 
and robot-specific expertise as resources for ro-
bot acceptance as well as the role of the robot’s 
design in this context.

The dynamic interplay of robot-specific exper-
tise and general experience at older adults’ first 
encounter with a robot
When meeting a robot for the first time, older 
adults develop from novices mainly lacking the 
robot-specific expertise to somewhat more ex-
perienced robot users. In this process, pre-exist-
ing general experience coincides with emerging 
robot-specific expertise. As a result, both types 
of experiences can be assumed to affect each 
other, leading to moderating effects on the older 
adults’ anxiety and attitudes towards the robot.

Firstly, it can be suggested that increasing robot-
specific expertise affects the role of the general 
experience for older adults’ anxiety and attitude 
towards a robot. By definition, increasing robot-
specific expertise is associated with the acquisi-
tion of a more complex and sophisticated base 
of knowledge about and experience with the 
robot (cf. Greca & Moreira, 2000; Thorndyke & 
Hayes-Roth, 1979). In fact, it has been shown 
that interacting with a robot can affect people’s 
subsequent mental representation of it after a 
single interaction (e.g., Kiesler & Goetz, 2001; 
Andonova, 2006; Fischer & Lohnse, 2007). Con-
sequently, increasing robot-specific expertise 
does not only induce changes in the older adults’ 
anxiety and attitude ratings, but  also results in 
a decreasing need to use the general experience 
to guide reactions towards the robot. Thus, the 
relevance of general experience in robot-related 
domains for older adults’ anxiety and attitude 

towards robots can be suggested to decline with 
increasing robot-specific expertise. However, to 
our knowledge, no study has investigated this 
assumption to date.

Secondly, it can be assumed that the general 
experience in robot-related domains affects the 
acquisition of robot-specific expertise. During 
the first encounter with a robot, older adults are 
assumed to base not only attitudinal and emo-
tional reactions, i.e., initial anxiety and attitude 
ratings, but also behavioral reaction towards a ro-
bot on their general experience in robot-related 
domains. Hence, older novice robot users with 
different levels of general experience can be sug-
gested to show differences in their behavior to-
wards the robot. Differences in the human-robot 
interaction, in turn, may result in qualitatively dif-
ferent expertise gained from the interaction with 
the robot. Several studies with animistic robots 
confirm the association of general experience in 
robot-related domains with human-robot interac-
tion behavior. Shibata and Tanie (2000) conclud-
ed from an interaction study that people use their 
general experience with animals to both form ex-
pectations about a zoomorph (animal-like) robot 
and to interact with it. In addition, evidence was 
found that former pet-owners committed more 
to a zoomorph interface agent (Parise, Kiesler, 
Sproull, & Waters, 1999) and showed more pet-
directed behavior towards the robot seal Paro 
(Shibata, Kawaguchi, & Wada, 2012) than those 
who did not. Studies showing differences in robot 
evaluation according to differences in human-
robot interaction are rather scarce, but the avail-
able literature confirms that initial expectations 
and interaction behavior can affect subsequent 
robot evaluation (e.g., Broadbent, MacDonald, 
Jago, Juergens, & Mazharullah, 2007; Broadbent, 
Lee, Stafford, Kuo, & MacDonald, 2011). As a 
consequence, the discrepant research findings 
in previous studies on the effects of increasing 
robot-specific expertise could be explained by 
sample differences in the levels of general experi-
ence, which differently affect expertise-induced 
changes in robot acceptance.

Relevant domains of general experience – the 
importance of the robot’s design
As outlined above, research on the role of gen-
eral experience for older adults’ anxiety and 
attitude towards robots has concentrated on 
general experience with technology as the only 
relevant domain. However, research on cat-
egorization learning suggests that particularly 
novices select relevant domains of general ex-
perience based on superficial features, i.e., the 
outer appearance of an entity (e.g., Shafto & 
Coley, 2003). Social robots for older adults dif-
fer widely in appearance and functions, ranging 
along a continuum from mechanoid (machine-
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like) to animistic (imitating living beings). Con-
sequentially, novice elder robot users may rely 
not only on general experience with technology 
to guide their reactions towards a robot but also 
on the general experience with living beings, 
depending on the robots’ design. This is cor-
roborated by studies mainly involving younger 
people. They show that different abilities, tasks, 
and personality characteristics are attributed to 
robots according to their outer appearance after 
participants saw them on pictures (Rosenthal-
von der Pütten & Krämer, 2015; Hwang, Park, 
& Hwang, 2013). All the same, characteristics 
and abilities were also attributed to robots after 
participants watched videos of them, informing 
them not only about robot appearance but also 
about the robot’s functions (Syrdal, Dautenhahn, 
Woods, Walters, & Kaoy, 2008; Rosenthal-von 
der Pütten & Krämer, 2015).

As a result, it is suggested that relevant domains 
of general experience extend beyond technology 
experience alone (Syrdal, Koay, Walters, Dauten-
hahn, & Otero, 2010), and depend predominant-
ly on the robot’s design. However, no study was 
found to examine the role of the robot’s design 
for the association between general experience 
and older adults’ anxiety and attitude towards 
robots systematically.

Study aims
In order to contribute to a better understanding 
of robot acceptance by older adults, the current 
study investigates the role of general experience 
in robot-related domains and robot-specific ex-
pertise for older adults’ anxiety and attitudes to-
wards robots not only separately, but under par-
ticular consideration of their dynamic interplay. 
Moreover, attention is also given to the role of 
the robot’s design regarding the relevance of dif-
ferent domains of general experience.

To provide for increasing robot-specific exper-
tise, a stepwise introduction procedure was con-
ducted which allowed for the gradual provision 
of more knowledge and hands-on experience 
with the robots. To assess the relevance of the 
robot’s design, a zoomorph robot (imitating a 
real animal by appearance and function) and a 
mechanoid robot (resembling a technological ar-
tifact by appearance and function), both targeted 
at supporting the fulfillment of older adults’ psy-
chosocial needs, were used.

Based on the theoretical and empirical findings 
presented above, we assumed that:
(1) General experience in robot related-domains 
will directly be associated with anxiety and atti-
tudes towards the robots at the beginning of the 
introduction procedure, i.e., before participants 
acquire robot-specific expertise. As the relevant 

domain of general experience is assumed to 
depend on the robot’s design, the following is 
proposed: (a) General animal experience will 
be associated with anxiety and attitude towards 
the zoomorph robot and (b) General technology 
experience will be associated with anxiety and 
attitude towards the mechanoid robot.
(2) No significant association between general 
experience in robot-related domains and older 
adults’ anxiety and attitude will be found at the 
end of the introduction procedure, indicating an 
impact of increasing robot-specific expertise on 
the role of general experience.
(3) Increasing robot-specific expertise will be as-
sociated with changes in older adults’ anxiety 
and attitude ratings. Thus, anxiety and attitude 
measures before and after the interaction proce-
dure will differ significantly.
(4) Changes in older adults’ anxiety and attitude 
ratings will differ according to the levels of gen-
eral experience, indicating an impact of general 
experience on the acquisition of robot-specific 
expertise. As the relevant domain of general ex-
perience is assumed to depend on the robot’s 
design, the following is proposed: (a) General an-
imal experience will be associated with changes 
in anxiety and attitudes towards the zoomorph 
robot and (b) General technology experience 
will be associated with changes in anxiety and 
attitudes towards the mechanoid robot.

Methods
The data presented here was collected as part 
of a comprehensive research project on the ac-
ceptance of social robots by different stakehold-
ers involved in eldercare (“ERimAlter”; Emotional 
Robotics in Old Age) funded by the German Fed-
eral Ministry of Education and Research (BMBF). 
Other parts of the project were published else-
where (see Baisch et al., 2017). We will only refer 
to those parts of the project sample and design 
relevant here.

Participants
A random sample of N = 31 older adults took part 
in the study. They were at least 65 years old and 
in good cognitive and physical health, as assessed 
by self-report. Participants were recruited from 
the “University of the Third Age” located at the 
Goethe-University of Frankfurt/Main, Germany, 
and received an allowance of € 100 for their par-
ticipation (Acknowledgements).

The data of two participants had to be excluded 
from the project due to significant cognitive or 
medical problems. Two further participants were 
excluded due to missing values in key variables. 
The final sample consisted of N = 27 participants. 
Median age was M = 70.55 years (SD = 4.16; age 
range: 65 – 81 years). Most participants were fe-
male (n = 22; 82%) and had taken the German 
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Abitur (equals A-levels; n = 16; 59%). With M = 
3.21 (SD = 1.00) and M = 2.50 (SD = 1.26), respec-
tively, both experience with technology and with 
animals were mediocre in this sample. Animal 
experience (Mdn = 2.50, scale range: 1-5) ranged 
from completely inexperienced (sample minimum 
= 1) to very experienced (sample maximum = 5). 
Technology experience (Mdn = 3, scale range: 1-5) 
ranged from rather inexperienced (sample mini-
mum = 1.71) to very experienced (sample maxi-
mum = 5). Consequentially, the sample can be 
considered as heterogeneous with regard to both 
domains of general experience.

Robots
Two commercially available social robots, Giraff 
and Paro, were used in this study (Figure 1). These 
robots have in common that they are aimed at 
supporting the fulfillment of psychosocial needs. 

Giraff by Camanio Care AB (Figure 1A) is a mo-
bile remote telepresence robot, which is set up 
like common computer-based videoconferencing 
systems such as Skype® or FaceTime®. As the 
robot allows for remote social contact and com-
munication over longer distances (for a detailed 
description of Giraff’s functions, see Kristofferson, 
Coradeschi, & Loutfi, 2013), it is utilized mostly in 
home-based care settings. Despite its name, Gi-
raff has a mechanoid design without any animistic 
features in appearance and functions.

The companion-type therapeutic robot Paro by 
Intelligent System Co. Ltd. (Figure 1B) mimics a 
harp seal pup by its outer appearance and func-
tion. Thus, it resembles an unthreatening real 
animal with a life-like design of appearance and 
functions. The robot is designed to elicit positive 
emotional reactions in its users and to provide 
for communication and contact either between 
older adults about the robot or with the robot it-
self (for a detailed description of Paro’s functions, 
see Shibata, Wada, Saito, & Tanie, 2005; for a 
detailed description of the social and emotional 
processes involved, see Kolling et al., 2016).

Instruments
Attitude towards robots
To assess attitude towards robots (ATT) a study-
specific seven-point semantic differential con-
sisting of 13 items based on the idea of the RAS 
(Robot Attitude Scale; Stafford, MacDonald, 
Jayawardena, Wegner, & Broadbent, 2014) was 
used. Contrary to the RAS, which was previously 
used with a non-social healthcare robot, the em-
phasis was put on items assessing the emotion-
al effects of the robots. Cronbach’s Alpha was 
computed as a measure of internal consistency 
of the scale for each assessment for both robots. 
Items which reduced internal consistency for at 
least two of each robot’s assessments were ex-
cluded from further analysis. The remaining as 
well as the excluded items are presented in Table 
1. The scales’ final internal consistencies were 
very high (Cronbach’s Alpha ≥ .90) for each as-
sessment for both robots.

Since the ATT measure is a study-specific ques-
tionnaire, a principal component analysis was 
performed to determine its factor structure. As 
can be seen in Table 1, two factors were extract-
ed at assessment 1, which collapsed into one 
factor at assessment 2 and 3. Factor loadings of 
items onto the respective factors were high or 
very high (Lambda >.70) for all but three items 
(Lambda >.48) across all of the assessments.

A mean score was calculated for each of the two 
factors at assessment 1. The overall mean of the 
two factor means was used for further analysis. 
Due to the one-factorial structure at assessments 
2 and 3, the mean score of all items was com-
puted for further analysis.

Robot-related anxiety
To assess robot-related anxiety (ANX), two items 
of the anxiety scale proposed by Heerink, Kröse, 
Evers, and Wielinga (2009) for the investigation 
of the acceptance of socially interactive robots 
were used (“When I used the seal/giraffe, I was 
afraid of making mistakes”, “When I used the 

Figure 1. Pictures of the robots a shown to participant instep 1 of the introduction procedure (Top: 
Giraff and bottom: Paro)
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seal/giraffe, I was afraid of breaking something.“, 
I agree… 1= not at all / 5 = completely). The 
scale showed a sufficient to high internal con-
sistency for both assessments (.77 < Cronbach’s 
Alpha < .90). The mean score of the respective 
scale items was used for analysis.

General technology experience
General technology experience was assessed by a 
7-item questionnaire used in prior research (e.g., “A 
job that had a lot to do with technology, wouldn’t 
have been for me.”, 1 = does not apply at all / 5 
= applies perfectly; Mollenkopf, Oswald, & Wahl, 
2007). Factor analysis showed that all items loaded 
onto one factor. The scale had a high internal con-
sistency (Cronbach’s Alpha = .90). The mean score 
of the scale items was used for analysis.

General experience with animals
General animal experience was assessed by two 
items adapted from the Person-Robot Complex 
Interaction Scale by Libin and Libin (2004) (“In my 
life, I have had a lot to do with animals”, “During 
all my life, I always had pets at home”, 1 = does 
not apply at all / 5 = applies perfectly). The mean 
score of the two items was used for analysis.

Design
Effects of increasing robot-specific expertise 
were assessed by repeated measures of robot-re-
lated anxiety and attitude towards the robot ad-

ministered through-
out the introduction 
procedure present-
ed in Table 2 (fur-
ther details can be 
found below in the 

‘procedure’ section).

Attitude towards ro-
bots was assessed 
three times for each 
robot. Assessment 1 
was performed after 
the first part of the 
first step of the intro-
duction procedure to 
record participants’ 
initial evaluation of 
the robot. Assess-

ment 2 took place after interaction with the robot. 
To measure participants’ final attitude towards the 
robot, assessment 3 was conducted at the end of 
the introduction procedure, i.e., after participants 
had watched the application videos. Robot-related 
anxiety was assessed twice, with assessment 1 tak-
ing place just before participants interacted with the 
respective robot (second part of the first step). As-
sessment 2 was administered after participants had 
interacted with the respective robot.

Furthermore, between-subjects comparisons were 
performed in order to assess main and interaction 
effects of general experience in robot-related do-
mains on robot acceptance. To this end, the sample 
was split post-hoc into two subsamples, resulting in 
one subsample with low and one with high experi-
ence with technology or animals, respectively. Par-
ticipants with scores equivalent to or higher than 
the scale mean (value of 3 for the scales’ range of 
1-5) were included in the high experienced sub-
sample, those with scores below the scale mean 
were part of the low experienced subsample.

Regarding general animal experience, n = 16 (59%) 
participants were allocated to the low, and n = 11 
(41%) participants to the high experience subsam-
ple. With regard to general technology experience, 
n = 12 (44%) participants were allocated to the low 
and n = 15 (56%) participants to the high experi-
ence subsample. As participants were introduced 
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to both robots in randomized order, the quasi-ex-
perimental procedure resulted in a 2x2x3 mixed 
design for attitude towards robots and a 2x2x2 
mixed design for robot-related anxiety.

Procedure
A stepwise introduction procedure was conduct-
ed in individual sessions to gradually increase 
participants’ expertise with the respective robot 
(Table 2). The procedure consisted of three steps. 

The first step of the introduction procedure, be-
fore participants interacted with the robot, was 
divided into two parts. In the first part, par-
ticipants were shown the respective robot on 
pictures in a laptop slideshow as presented in 
Figure 1, whilst they were verbally given details 
on the robots outer appearance, e.g., height, 
shape, and weight. In the second part, the re-
spective robot’s basic functions were explained 
in a video. In the Giraff video, participants were 
introduced to the videoconferencing system 
and mobile functions of the robot. They first 
watched a call being made via Giraff with an 
older adult answering the call by remote con-
trol. Afterwards, they saw how the robot is 
moved across the room towards the older adult 
and both interaction partners greet. Finally, they 
were shown how it is parked and docked at the 
recharging unit. During the scenes, an off-voice 
explains all of the processes.

In the Paro video, participants were shown the 
interactive abilities of the robot. They watched 
how it reacts to touch and voice both by sound 
as well as by motion, and watched it behave 
independently of stimulation. Finally, they were 
shown how Paro is recharged. During the scenes, 
an off-voice explained Paro’s proactive as well 
as reactive features, its motion capabilities, its 

“sleeping cycle”, as well as how it is recharged.

In the second step, participants were instructed 
on how to handle the robot and then interacted 
with it as long as they pleased. In order to expe-
rience the older adult’s perspective, participants 
answered a call by the experimenter via remote 
control and watched Giraff move across the 
room towards them. With the robot in front of 
them, they were spoken to by the experimenter 
via Giraff. The participants were then invited to 
navigate the robot across the room themselves 
to experience the caregivers’ perspective. Par-
ticipants received instructions on how to operate 
the robot and, if necessary, they were given sup-
port with using the laptop mouse.

During the interaction with Paro, participants 
watched the robot being switched on. They 
were then shown how Paro reacts to voice and 
touch, i.e., to being touched in different body 

parts and to being caressed as opposed to be-
ing plagued. Afterwards, participants were in-
vited to hold Paro as well as to cuddle the robot 
and to talk to it.

In the third step, participants watched a video 
of use case scenarios showing cognitively and 
physically impaired older adults interacting with 
the respective robot (Giraff: “Paula visits Pat”, 
van Rump, 2013; Paro: sequences of “Roboter 
zum Kuscheln – Heilsam für Demenzkranke” 
[“Robots for Cuddling – beneficial for People 
suffering from Dementia”], Wagner, 2011). In 
both videos, an off-voice explains the oncom-
ing application scenario in-between the scenes.

In the Giraff video, an older woman interacts 
with a formal caregiver via the robot. The use 
cases referred to everyday situations, i.e., re-
minding and controlling for medication intake, 
support in dealing with household equipment 
(i.e., getting the coffee machine to work), secu-
rity issues (i.e., forgetting to turn off the stove), 
and social contact (i.e., face-to-face communi-
cation). In the Paro video, participants watched 
nursing home residents interacting with Paro in 
group and individual settings. Furthermore, Pa-
ro-facilitated interactions between nursing home 
residents and nurses are presented.

Participants’ sociodemographic data and gen-
eral experience in robot-related domains were 
assessed before participants were introduced to 
the robots.

Data analysis
Data analysis was performed using SPSS 24. In 
order to assess the association of anxiety and at-
titude ratings with general experience in robot-
related domains, Pearson product-moment cor-
relation coefficients were computed for both 
outcome measures for each assessment. Dif-
ferences between correlation coefficients were 
computed by Steiger’s z-Test. T-scores of correla-
tion coefficient change above the critical value 
of 1.71 at a significance level of Alpha = .05 
were reported significant.

Furthermore, one-way repeated measures ANO-
VAs were performed to assess changes in ATT 
throughout the introduction procedure for the 
overall sample. When sphericity could not be 
assumed, the Greenhouse-Geisser correction 
was applied. For ANX, t-tests were performed as 
ANX was only assessed twice. Main and inter-
action effects of assessment (robot-specific ex-
pertise) and general experience in robot-related 
domains were computed by two-way repeated 
measures ANOVAs for each outcome variable 
and each domain of general experience.
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results
Preliminary analysis
As the presentation of the first robot could af-
fect the evaluation of the second one, we tested 
the assumption of the presence of order effects 
(H1) against the assumption of an absence of 
order effects (H0). A MANOVA showed sig-
nificant effects of presentation order neither 
regarding ANX and ATT ratings of Giraff (V = 
0.07, F(5, 31) = 0.45, ns) nor of Paro (V = 0.26, 
F(5, 21) = 1.47, ns).

The role of general experience and robot-spe-
cific expertise for older adults’ anxiety and at-
titude towards Paro
The changing role of general experience
With respect to the zoomorphic robot Paro, it was 
assumed that general animal rather than general 
technology experience would be associated with 
anxiety and attitude ratings prior to the interac-
tion with the robot. It was suggested that this as-
sociation would decrease with increasing exper-
tise with Paro, indicating an impact of increasing 
robot-specific expertise on the role of general 
experience. The results are presented in Table 3.

No significant correlation between general tech-
nology experience and any of the two outcome 
measures was found for assessments 1, 2, and 
3 (.00 < rATT < .17, ns; -.11 < rANX < -.06, ns). In 
addition, no significant changes in these correla-
tion coefficients due to increasing expertise with 
Paro emerged, ATT: t1-3(df = 24) = 0.39; t1-2(df = 
24) = 1.24; t2-3(df = 24) = 1.46; ANX: t1-2(df = 24) 
= 0.25. General animal experience showed a 
positive, statistically significant correlation with 
ATT for assessment 1 (r1 = .39, p = .046) as well 
as a negative trendwise association with ANX 

(r1 = -.35, p = .077). This 
indicates that, as expected, 
higher general animal but 
not technology experience 
was associated with less 
anxiety and a more posi-
tive attitude towards Paro 
at the beginning of the in-
troduction procedure.

For assessments 2 and 3, 
the association between 
ATT and general animal 
experience was no longer 
significant (r2 = .22, ns; r3 
= .21, ns), indicating that its 
relevance for older adults’ 
attitudes towards robots 
decreased throughout the 
introduction procedure, as 
expected. The decrease in 
correlation coefficients was 
not significant, t1-3(df = 24) = 

1.27; t1-2(df = 24) = 1.31; t2-3(df = 24) = 0.13.

Similar results were found for ANX. For assess-
ment 2, the association between ANX and gener-
al animal experience was no longer significant (r2 
= .18, ns). Hence, the role of general experience 
in this domain decreased after as compared to 
before the interaction, as expected. The change 
in correlation coefficients was significant, t1-2(df 
= 24) = 3.04. 

Effects of increasing robot-specific expertise on 
older adults’ anxiety and attitude
It was assumed that anxiety and attitude towards 
Paro would change throughout the introduction 
procedure due to increasing robot-specific ex-
pertise (Figure 2).

With regard to ATT, a one-way repeated meas-
ures ANOVA with Greenhouse-Geisser correc-
tion showed a significant main effect of assess-
ment, as expected, F(1.39, 36.21) = 6.09, p = 
.011, Eta-square = .19. As can be seen in Figure 
2A, initial ATT for Paro was already rather positive, 
but still became more positive throughout the in-
troduction procedure. Bonferroni-corrected post-
hoc tests revealed a significant overall change for 
the positive, diff1-3 = .44, p = .023, CI: 0.05 - 0.82.

With respect to ANX, no significant differences 
after, as compared to before, the interaction 
with the robot were found contrary to the initial 
assumptions, t(df = 26) = 1.12, ns (Figure 2B).

Impact of general experience on changes in older 
adults’ anxiety and attitude
It was assumed that changes in anxiety and at-
titude ratings for Paro would differ according to 

α α
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Figure 2. Paro: Mean and standard deviation for ATT and ANX throughout the introduction procedure for 
the overall sample and the high and low experience subsamples of both domains of general experience

 

 
 

1

2

3

4

5

ass. 1 (prior to
interaction)

ass. 2 (after
interaction)

lo
w

   
   

   
   

   
   

   
   

   
   

  h
ig

h

high animal exp.
low animal exp.

1

2

3

4

5

ass. 1 (prior to
interaction)

ass. 2 (after
interaction)

lo
w

   
   

   
   

   
   

   
   

   
  h

ig
h

ATT – by technology experience 

ATT – by animal experience 

ATT – overall sample 

1

2

3

4

5

6

7

ass. 1
(initial)

ass. 2
(after

interaction)

ass. 3
(final)

ne
ga

tiv
e 

   
   

   
   

   
   

po
si

tiv
e

high animal exp.

low animal exp.

1

2

3

4

5

6

7

ass. 1
(initial)

ass. 2
(after

interaction)

ass. 3
(final)

ne
ga

tiv
e 

   
   

   
   

   
 p

os
iti

ve

C 

E 

A 

ANX – overall sample 

B 

ANX – by animal experience 

ANX – by technology experience 

F 

D 

1

2

3

4

5

6

7

ass. 1
(initial)

ass. 2
(after

interaction)

ass. 3
(final)

ne
ga

tiv
e 

   
   

   
   

   
 p

os
iti

ve

high tech. exp.

low tech. exp.

1

2

3

4

5

ass. 1 (prior to
interaction)

ass. 2 (after
interaction)

lo
w

   
   

   
   

   
   

   
   

   
   

  h
ig

h

high  tech. exp.
low tech. exp.



2018 Vol. 17, No 4224

Experience, expertise, & older adults’ robot acceptance

levels of general animal but not technology ex-
perience (Figure 2).

With regard to ATT, the two-way repeated meas-
ures ANOVA with Greenhouse-Geisser correc-
tion showed a significant main effect of assess-
ment (F(1.47, 33.87) = 7.34, p = .005, Eta-square 
= .24), indicating a positive overall change of ATT 
ratings throughout the introduction procedure.

Furthermore, there was a trend for a main effect of 
the general animal experience, F(1, 23) = 3.12, p 
= .091, Eta-square = .12. As can be seen in Figure 
2C, the high animal experience subsample held a 
more positive attitude towards Paro throughout 
the introduction procedure as compared to the 
low experience subsample. Contrary to the initial 
assumptions, no significant interaction effect be-
tween assessment and general animal experience 
was found, F(1.47, 33.87) = 0.49, ns.

Regarding ANX, a two-way repeated measures 
ANOVA showed no main effect of assessment 
(F(1, 23) = 0.42, ns) or animal experience (F(1, 23) 
= 0.00, ns). However, as expected, an interaction 
effect was found, F(1, 23) = 5.05, p = .035, Eta-
square = .18. As can be seen in Figure 2D, before 
the interaction with Paro, ANX was lower in the 
low animal experience subsample as compared 
to the high experience subsample. Yet, this rela-
tion was reversed after the interaction.

As expected, no significant main or interaction ef-
fects of general technology experience on ATT (F(1, 
23) = 0.16, ns; F(1.47, 33.87) = 2.57, ns, respectively; 
see Figure 2E) or ANX (F(1, 23) = 0.27, ns; F(1, 23) = 
0.10, ns, respectively, see Figure 2F) emerged.

The role of general experience and robot-spe-
cific expertise for older adults’ anxiety and at-
titude towards Giraff
The changing role of general experience
With regard to the mechanoid robot Giraff, it 
was assumed that general technology but not 
animal experience would be associated with 
anxiety and attitude ratings prior to the interac-
tion with the robot. Moreover, it was proposed 
that the association between general technology 
experience and the outcome measures would 
decrease with increasing expertise with Giraff, 
indicating an impact of increasing robot-specific 
expertise on the role of general experience. The 
results are presented in Table 3.

No significant associations between general ani-
mal experience and any of the outcome measures 
were found for assessments 1, 2, and 3 (.17 < rATT 
< .22, ns; -.23 < rANX < -.30, ns). In addition, there 
were no significant changes in these correlation 
coefficients due to increasing expertise with Gi-
raff, ATT: t1-3(df = 24) = 0.31, ns; t1-2(df = 24) = 

0.30, ns; t2-3(df = 24) = .10, ns; ANX: t1-2(df = 24) = 
.49, ns. With regard to general technology experi-
ence, a statistical trend for a positive correlation 
with ATT emerged at the first two assessments (r1 
= .36, p = .066; r2 = .28, p = .081). As expected, 
ANX and general technology experience were 
significantly and negatively correlated at assess-
ment 1 (r1 = - .39, p = .047). This indicates that 
general technology but not general animal ex-
perience played a relevant role for initial anxiety 
and attitude ratings for Giraff, as expected.

At assessment 2, the correlation between technol-
ogy experience and ATT decreased, and at assess-
ment 3, the correlation coefficient had reached a 
value close to zero (r3 = .05, ns). Hence, as ex-
pected, the relevance of general technology ex-
perience for attitude ratings decreased throughout 
the introduction procedure. The overall decrease 
in correlation coefficients was significant (t1-3(df 
= 24) = 2.10) as a result of a significant decrease 
in correlation coefficients between assessments 
2 and 3, t2-3(df = 24) = 2.62. The change in cor-
relation coefficients between the first two assess-
ments was not significant, t1-2(df = 24) = 0.63.

Equally, no significant association between tech-
nology experience and ANX was found at assess-
ment 2 (r2 = -.30, ns), indicating a decrease in the 
relevance of general technology experience for 
ANX after as compared to prior to the interaction. 
The change in correlation coefficients was not 
significant, t1-2 = 0.62.

Effects of increasing robot-specific expertise on 
older adults’ anxiety and attitude
It was assumed that anxiety and attitude ratings 
for Giraff would change throughout the introduc-
tion procedure due to increasing robot-specific 
expertise (Figure 3). Regarding ATT, a one-way 
repeated measures ANOVA with Greenhouse-
Geisser correction showed a significant main ef-
fect of assessment, as expected, F(1.47, 38.12) = 
8.70, p = .002, Eta-square = .25. As can be seen 
in Figure 3A, ATT grew increasingly positive 
throughout the introduction procedure. Bonfer-
roni-corrected post-hoc tests revealed a signifi-
cant overall positivation, diff1-3 = .67, p = .007, 
CI: 0.16 - 1.18. This is due to a significant change 
for the positive from assessment 2 to 3, diff2-3 = 
.39, p = .005, CI: 0.11 - .68. Contrary to the initial 
assumptions, a t-test showed no significant dif-
ference in ANX before as compared to after the 
interaction, t(df = 26) = -1.68, ns (Figure 3B).

Impact of general experience on changes in older 
adults’ anxiety and attitude
It was assumed that changes in anxiety and at-
titudes towards Giraff would differ according to 
the level of general technology experience, but 
not according to the level of general animal ex-
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perience (Figure 3).
With regard to ATT, a two-way repeated meas-
ures ANOVA with Greenhouse-Geisser correction 

showed a significant main effect of assessment, 
F(1.54, 35.44) = 8.97, p = .002, Eta-square = .28. 
Moreover, although not present at the multivari-

Figure 3. Giraff: Mean and standard deviation for ATT and ANX throughout the introduction procedure for 
the overall sample and the high and low experience subsamples of both domains of general experience
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ate level (F(2, 22) = 2.14, p = .142, Eta-square = .16), 
there was a trend towards an interaction effect be-
tween assessment and technology experience at 
the univariate level, as expected, F(1.54, 35.44) = 
3.08, p = .070, Eta-square = .12. Simple contrasts 
revealed a marginally significant difference in the 
overall change in ATT between both groups, F(1, 
23) = 4.23, p = .051, Eta-square = .15. As can be 
seen in Figure 3C, the low technology experience 
subsample initially held a more negative attitude 
towards Giraff and showed a stronger change for 
the positive in ATT than the high technology ex-
perience subsample. No significant main effect of 
general technology experience was found, F(1, 23) 
= 2.82, ns.

Regarding ANX, a two-way repeated measures 
ANOVA showed no significant main effect of as-
sessment, F(1, 23) = 2.60, ns. However, contrary 
to the initial assumption, there was a main effect 
of general technology experience, F(1, 23) = 4.41, 
p = .047, Eta-square = .16. As can be seen in Fig-
ure 3D, the low experience subsample indicated 
significantly higher anxiety scores than the high 
experience subsample both before and after the 
interaction. No significant interaction effect of 
assessment and general technology experience 
were found, F(1, 23) = 0.26, ns.

As expected, there were no significant main or 
interaction effects of general experience with an-
imals on ATT (F(1, 23) = 0.96, ns; F(1.54, 35.44) = 
0.74, ns; respectively; Figure 3E) or on ANX, (F(1, 
23) = 0.60, ns; F(1, 23) = 0.80, ns, respectively; 
Figure 3F).

dIscussIon
The dynamics of two types of experience, i.e., 
general experience in robot-related domains 
and robot-specific expertise, at first encounter 
with a robot as well as their role for older adults’ 
anxiety and attitudes towards robots were inves-
tigated. Furthermore, the effect of the robot’s de-
sign was examined by using two different social 
robots, i.e., the mechanoid robot Giraff and the 
zoomorph robot Paro.

Experience as a resource for robot acceptance
The initial role of general experience and the rel-
evance of the robot’s design
Firstly, it was assumed that general experience 
in robot-related domains would be associated 
with older adults’ anxiety and attitude towards 
each of the robots (hypothesis 1). Results of the 
current study confirm this assumption extending 
previous research s(e.g., Pino et al., 2015; Ezer et 
al., 2009; Heerink, 2011) by showing that more 
general experience is not only associated with a 
more positive attitude towards a robot, but also 
with less robot-related anxiety. Hence, general 
experience constitutes a relevant resource for 

older adults’ initial robot acceptance.

As predicted, the relevant domains of general 
experience were found to differ according to the 
robots’ designs throughout the introduction pro-
cedure. The finding is in line with research on the 
relevance of a new entity’s design for selecting 
appropriate domains of general experience par-
ticularly in novices (e.g., Shafto & Coley, 2003). 
Additionally, the finding highlights the important 
contribution of the robots’ outer appearance to 
the initial robot acceptance by older adults. It 
is of peculiar relevance for robot designers to 
elicit the right mental representation in users to 
make a robot not only most usable (O’Brian et al., 
2012), but also most acceptable. Thus, in order 
to design robots which motivate older adults to 
give it a try, it is important to consider the envis-
aged user group’s level of general experience in 
domains related to the robot’s design.

The role of increasing robot-specific expertise for 
robot acceptance and general experience
Increasing robot-specific expertise was associ-
ated with several positive effects on older adults’ 
anxiety and attitude towards robots.

Firstly, it was associated with significant positive 
changes in older adults’ attitude towards each 
of the robot in the overall sample. Although the 
findings are in line with some previous findings 
(e.g., Stafford et al., 2010), they contradict other 
studies which show no attitudinal change (e.g., 
Damholdt et al., 2015; Kuo et al., 2009) or a 
negative change (Wu et al., 2014) as a result of 
increasing robot-specific expertise. Study design 
might play a relevant role in this context since 
the studies differ regarding the measurement of 
the theoretical construct of attitude measured 
and the amount of exposure to the robot. More 
studies are needed to disentangle the effects of 
different outcome measures and of the amount 
of exposure to the robot on robot acceptance.

In addition, subsample analysis of older adults 
with high and low relevant general experience 
showed an interaction effect for Giraff. The low 
experience subsample benefited particularly 
well from increasing robot-specific expertise, 
and the initial differences in attitude between the 
high and the low experience subsample almost 
equaled out at the end of the introduction proce-
dure. Regarding Paro, older participants with less 
animal experience showed a decrease in robot-
related anxiety, thereby approaching initial anxi-
ety levels of more experienced participants.

Secondly, this study also shows that the rel-
evance of general experience for both aspects 
of robot acceptance decreased with increasing 
robot-specific expertise with both robots. To-
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gether with the changes for the positive regard-
ing participants’ attitude towards the robots, this 
is a promising finding. It indicates that interven-
tions intended at giving older adults information 
about and opportunities to interact with a robot 
can improve particularly the attitude and anxiety 
of less experienced older adults towards it. Thus, 
the disadvantage of having little general experi-
ence in a robot-related domain can be overcome.

Experience-related barriers to robot acceptance
It has to be noted, though, that increasing robot-
specific expertise and general experience in ro-
bot-related domains did not always function as a 
resource for robot acceptance.

Firstly, despite significant changes in participants’ 
attitude towards robots, no significant change in 
robot-related anxiety was found due to increas-
ing robot-specific expertise. Nonetheless, par-
ticipants showed a slight, but non-significant in-
crease in anxiety after interaction with Giraff in 
both the high and the low experience subsample. 
Regarding Paro, subsample analysis revealed that 
the animal experienced subsample showed a 
significant increase in robot-related anxiety. This 
was masked in the overall sample by a decrease 
in anxiety in the low experience subsample. On 
the one hand, increases in anxiety after interac-
tion with the robot have been reported before in 
studies involving younger samples (de Graaf & 
Ben Allouch, 2013). On the other hand, the cur-
rent results contradict findings which show a de-
crease in older adults’ negative affect (e.g., Staf-
ford et al., 2010; Broadbent et al., 2010). How-
ever, anxiety is but one aspect of negative affect, 
and thus, decreases in other aspects may have 
obscured increases in anxiety in the latter stud-
ies. A possible explanation for increased anxiety 
after interaction with a robot may be found in 
participants’ initial expectations regarding their 
mastery of the human-robot interaction in com-
parison to their actual experience. Initially hold-
ing high robot-related self-efficacy beliefs, par-
ticipants may have realized that the interaction 
with the robot followed other rules than expect-
ed. This may have then resulted in an increase 
in robot-related anxiety. General support for this 
assumption comes from the Expectation-Discon-
firmation Theory (Oliver, 1997), which shows 
that a disconfirmation of initial expectations can 
lead to the negative evaluation of a product. In 
robot acceptance research, the disadvantageous 
effects of expectation-disconfirmation on robot 
acceptance has been investigated regarding a 
robots’ capabilities (e.g., Kwon, Jung, & Knep-
per, 2016; Komatsu, Kursowa, & Yamada, 2011; 
Mori, 1970/2012). Yet, the results of the current 
study suggest to extend it to also consider user-
centered self-efficacy expectations.

Secondly, some of the differences in robot ac-
ceptance between experienced and unexperi-
enced participants remained stable throughout 
the introduction procedure. Regarding Paro, less 
animal experienced older participants showed 
a less positive attitude towards the robot at all 
assessments. This might reflect an underlying 
person characteristic of not appreciating ver-
bal and nonverbal interaction with non-human 
beings, be it animals or animal-like robots. Re-
garding Giraff, less technology experienced par-
ticipants showed higher anxiety throughout the 
introduction procedure than more experienced 
ones. Either the single exposure to the robot was 
not sufficient to reassure these participants or ad-
ditional information would have been necessary 
to put technology inexperienced participants at 
ease with Giraff.

These results further highlight the importance of 
interventions to introduce particularly inexperi-
enced older adults to robots. They also show that 
a single introductory exposure to robots cannot 
overcome a lack of general experience in all re-
gards. It remains open to future research to exam-
ine whether less experienced older adults benefit 
from longer interaction duration, repeated expo-
sure to a robot, or from more or qualitatively dif-
ferent information.

Limitations
Some limitations of the study need to be consid-
ered. Firstly, with 11 to 16 participants subsam-
ples were rather small, restricting the generaliza-
bility of the results to the current sample of older 
adults. Moreover, participants were predomi-
nantly female and highly educated. Both gender 
and education can affect robot acceptance by 
older adults (see, e.g., Flandorfer, 2012; de Graaf 
& Ben Allouch, 2013). Future studies should use 
larger and more diverse samples in order to rep-
licate the current findings.

Secondly, in this study, like in many others, atti-
tude was measured by a one-dimensional con-
struct. Yet, some research suggests that attitude is 
a multifaceted construct which can be differentiat-
ed, e.g., by attitude content (e.g., Nomura, Kanda, 
Suzuki, & Kato, 2008; Ninomiya, Fujita, Suzuki, & 
Umemuro, 2015). As the construct of attitude is 
defined quite differently across studies, more re-
search on this construct and the role of its facets in 
the context of robot acceptance is needed.

Thirdly, no explicit distinction between posi-
tive and negative general experiences in robot-
related domains has been made. Differences in 
the quality of general experiences may result in 
differences in the initial reactions towards a ro-
bot. For example, older individuals with negative 
general experiences in robot-related domains 
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may be more prone to rejecting a robot as com-
pared to older individuals with positive general 
experiences. In order to further investigate these 
relationships, future research should separately 
target the effects of positive and negative general 
experiences in robot-related domains.

Finally, it has to be pointed out that Paro and 
Giraff are fairly extreme examples of mechanoid 
and zoomorph robots. Many robots for older 
adults, however, range along a continuum in-be-
tween both extremes, showing both mechanoid 
and animistic features, e.g. a mechanoid assistive 
robot exhibiting social skills. It is well-known that 
giving a robot social skills strengthens the impres-
sion of the robot as a social interaction partner, 
i.e., a living being. Nonetheless, a mechanoid 
socially assistive robot is an ambiguous object. 
Power and Kiesler (2006) assume that a mech-
anoid robot exhibiting social traits will activate 
experience with and knowledge about both hu-
man beings and technology, since a novel object 
is assumed to simultaneously trigger the retrieval 
of knowledge and experience with all objects to 
which the novel object can be related (e.g. Hintz-
man, 1986). Hence, it can be suggested that both 
general experience with humans and with tech-
nology contribute to people’s initial reactions 
towards a mechanoid socially assistive robot. 
However, it remains open to future research to 
empirically investigate this research question.

conclusIons and future dIrectIons
To our knowledge, this study is the first study 
to report not only either the effects of general 
experience in robot-related domains or of ro-
bot-specific expertise on robot acceptance by 
older adults but also to show the reciprocal im-
pacts of both types of experience on each other. 
Hence, the study has important implications for 
future research, robot development, and robot 
implementation.

It shows that older adults’ general experiences 
need to be considered more thoroughly in ro-
bot development as they constitute an impor-
tant individual resource for robot acceptance, 
e.g., by assessing the amount of general expe-
rience in robot-related domains available in a 
representative sample of a given target group 
prior to robot development. The beneficial role 
of general experience can then be supported 
by an appropriate design of the robot to reduce 
initial anxiety and optimize initial attitude to-
wards the robot. However, a word of caution 
is also needed on this point. Although initially 
helpful in fostering robot acceptance, the ro-
bot’s design together with general experience 
also seems to elicit specific user expectations 

regarding the interaction with the robot and the 
ability to handle it. If the interaction does not 
correspond to these expectations, user anxi-
ety increases and, consequentially, robot ac-
ceptance can decrease particularly for robots 
initially evaluated positively. More research is 
needed on how to best balance robot design 
and interaction behavior.

With regard to robot implementation, the posi-
tive role of robot-specific expertise for robot ac-
ceptance by older adults needs to be pointed 
out particularly strongly, since robot-specific 
expertise is able to overcome the negative ef-
fect of having little general experience in robot-
related domains at least in some regards. As a 
consequence, unexperienced older adults may 
benefit particularly well from interventions in-
creasing their robot-specific expertise. Future 
studies should more closely investigate the role 
of expertise content, the order of content pres-
entation, as well as affordances regarding the 
amount of support and interaction time in order 
to maximize the benefits of increasing robot-
specific expertise.

From a theoretical point of view, the current 
study shows that psychological theories and 
empirical findings can help to explain robot 
acceptance by older adults. Moreover, it high-
lights that both robot and user characteristics 
contribute to robot acceptance. However, robot 
acceptance studies have so far centered majorly 
around the role of robot characteristics. More 
studies are needed which concentrate on the 
impact of characteristics of the older robot us-
ers, i.e., the vast body of general experience 
older people have acquired during lifetime, and 
their interplay with robot characteristics. Inves-
tigating robot acceptance from a user centered 
perspective, guided by psychological and ger-
ontological theories can enhance robot devel-
opment by providing a sound theoretical and 
empirical basis for robot development.

Finally, it has to be pointed out that it remains 
yet unclear as to how different operationaliza-
tions of the constructs of anxiety/negative affect 
and attitude impact on study results. The cur-
rent study alludes several times to the different 
measures as a possible reason for discrepancies 
in study findings. Moreover, the question raises 
whether differences in the exposure times to ro-
bot and different measures of experience (qual-
ity vs. quantity) affect robot acceptance by older 
adults. Future research is needed comparing the 
different constructs, measures and study designs 
in order to investigate these assumptions.
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