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Imagined contact (IC), that is, mentally simulating an interaction with an
outgroup member, reduces negative attitudes towards outgroup members,
increases contact intentions, and reduces intergroup anxiety in human—
human intergroup context. Our experiment tested the effectiveness of IC
with a robot to improve human-robot interaction (HRI). Social psychological
literature suggested that IC provides a behavioural script for an interaction.
Hence, an imagined scenario similar to a real contact scenario should be
more effective in eliciting the aforementioned positive effects. We therefore
examined the effect of similarity between IC with a robot and the following
actual HRI on interaction perception, and behaviours towards the robot.
High similarity was expected to lead to a more positive perception of HRI
and more positive interaction behaviour towards the robot (e.g. more social
behaviour). Results showed that perceived HRI quality was evaluated more
positively and participants displayed more social behaviour towards the
robot when the imagined task resembled the HRI that followed, compared
to when it did not resemble the subsequent HRI. When controlling for covari-
ates, the effects on number of social behaviours and perceived interaction
quality remained significant, however, there was no effect on the total
amount of time spent producing social behaviours.

This article is part of the theme issue “From social brains to social robots:
applying neurocognitive insights to human-robot interaction’.

1. Introduction and related work

Even though robots potentially offer a wide range of assistive functions to support
humans (e.g. at the workplace, in rehabilitation, in schools, and within the home),
many people react with anxiety and fear towards them (e.g. [1,2]). This may have
a negative effect on behavioural responses during human-robot interaction
(HRI), for example, by making people more reluctant to communicate with
robots [1,2]. The influence of negative attitudes and robot anxiety was also
observed in specific fields of deployment: for instance, negative attitudes towards
robots have a negative impact on the willingness to learn with an educational
robot [3] and on the willingness to communicate with robots in general [4,5].
Thus, as negative attitudes towards and fear of robots influence behaviour
towards robots, the present study focused on behaviour towards robots in HRI
while controlling for effects of robot-related attitudes.

In psychology, two approaches to measure attitudes are prominent: attitudes
can be measured directly via self-reports, or indirectly, e.g., via reaction times.
However, self-report measures might be biased by self-presentation and social
desirability issues, that is, the desire to give a good impression or to solve a
given task in the supposedly correct or acceptable way [6]. Indirect attitude
measures serve as a solution for these problems: they are much less likely to be
biased, as participants are not directly asked for their attitudes [7,8]. One further
advantage of using indirect attitude measures concerns the relationship between
attitudes and different aspects of behaviour. It has been shown that implicit atti-
tudes influence automatic behaviour to a greater extent than explicit attitudes,
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whereas explicit attitudes influence deliberate behaviour to a
greater extent than implicit attitudes (e.g. [9,10]). However,
despite the many good reasons for using both direct and indir-
ect attitude measures in the context of social robotics, indirect
attitude measures have been scarcely administered in this
area of research (for exceptions, see [11] and [12]). To control
for influences of both implicit and explicit attitudes towards
robots on interaction behaviour, we included both types of
measurement as covariates in this study. However, our core
research interest was focused on how to change interaction
behaviour in HRI by using imagined contact (IC), in order to
affect HRI positively.

To tackle this issue, we turned to social psychological
intergroup literature which suggests IC as a possible
solution.

IC has been defined as the ‘mental simulation of a social
interaction with a member or members of an outgroup cat-
egory’ [13, p. 234]. It represents an effective intervention to
improve attitudes towards social outgroups [14,15]. Further-
more, IC increases the willingness to interact with outgroup
members, reduces intergroup anxiety [15,16], and, on the be-
havioural level, improves approach behaviour towards
outgroup members [17]. Miles and Crisp [18] have conducted
a meta-analysis with more than 70 studies that documented
these beneficial effects of IC. Therefore, IC might also bear the
potential to improve robot-related evaluations and behaviour
in HRI. Only few previous studies have tested IC in
the context of social robots with regards to attitudes and the
respective findings presented a rather mixed picture (e.g.
[19-21]): for example, Kuchenbrandt and Eyssel have demon-
strated that independent of content of the imagination, IC
with a robot improved robot-related attitudes [19]. In turn,
results by Wullenkord and Eyssel [20] have shown that IC
with a robot did not change robot-related attitudes signifi-
cantly. However, more recently, Wullenkord et al. have found
that imagined robot contact was effective in reducing negative
emotions towards a robot, but once more, IC did not change
robot-related attitudes [21]. Considering these mixed results,
it remains unclear which psychological processes are respon-
sible for the efficacy of IC. Furthermore, the previous studies
did not investigate the impact of IC on real interactions between
humans and social robots. Thus, it has not been tested yet
whether IC would improve HRI quality by changing how
people experience HRI and how they actually behave towards
a robot.

Previous research has postulated that IC would provide a
‘behavioural script’ for contact situations (e.g. [22—-24]). The
idea of behavioural scripts was based on script theory by Abel-
son [25,26]. A script is defined as “a schematic conception [...]
that guides our understanding of the situation and our behav-
iour in it by preparing us for the next scenes’ [22, p. 294]. If
indeed, IC would provide a behavioural script for the imagined
situation, it should positively influence both verbal and non-
verbal behaviour exerted during HRI and perceived HRI
quality. A ‘script’, giving participants a schematic idea of
what to expect within an interaction with a robot, should
then guide the participants behaviour during the actual HRI,
providing a repertoire of interaction behaviours, and making
them feel more at ease with the interaction in general. Its posi-
tive effects should be stronger as a function of how applicable
the script is for the given situation. We thus assumed that the
similarity between the IC and the real contact situation
would be crucial to obtain positive effects of IC on HRI and

perceived HRI quality. Therefore, our experimental hypotheses n

were as follows: first, an IC task that was highly similar to a
subsequent HRI situation should result in a more positive
rating of the interaction compared to an IC situation that was
low in similarity to the subsequent HRI (H1); second, imagin-
ing contact that was highly similar to the following HRI should
lead to more positive (verbal and nonverbal) interaction behav-
iour towards the robot compared to an imagined situation that
was marked by low similarity (H2).

2. Method

(a) Design and sample

The experiment was designed as a between-subjects design that
manipulated similarity (low versus high) between the IC and the
subsequent actual interaction with a robot. Participants were
recruited using flyers and face-to-face recruitment on a German
university campus. They were randomly assigned to the exper-
imental conditions, with gender being counterbalanced. A power
analysis with G*Power with an estimated medium-sized effect
(d=0.5) showed that 176 participants would be necessary to
have 95% statistical power. Unfortunately, owing to the complex
and time-consuming nature of the study, as well as the extensive
preparation of the video data for analyses, such a high number
was beyond scope. For the experiment, we thus collected data
from 20 males and 20 females ranging in age between 19 and 40
years (M =23.78, s.d.=4.52). Outlier analysis of the variables
used in the study showed no need to exclude any participants.
Thirty people were German native speakers, while 10 had reported
other mother tongues. Sixteen participants indicated that they had
already participated in different social robotics studies, whereas 24
individuals did not report prior robot experience.

(b) Procedure

The double-blind study was approved by the Bielefeld University
Ethics Board. Double blind means that participants did not know
which condition they were assigned to and the experimenter did
not know which condition he/she assigned the participants to,
either. In the beginning of the experiment, participants gave
informed consent to participation and video recording of their
interaction with the robot. They were told that the study would
test the impact of their imagination on subsequent HRI and their
attitudes. Afterwards, they were seated in front of a laptop and
read a short description of service robots as some of the attitude
measures referred to service robots. This was followed by the
imagination task. After the imagination, they filled out the depen-
dent attitude measures and started the interaction with the robot
NAQO. Then participants evaluated the interaction and gave their
demographic information. Upon leaving the laboratory, partici-
pants were debriefed in written form, they were reimbursed
with course credit or € 3 and a chocolate bar.

() Independent variable: imagined contact

We experimentally manipulated the similarity of the IC and the
subsequent HRI, resulting in two scenarios that were either low
or high in similarity compared to the successively scheduled
HRI with the robot NAO. In the high similarity condition, the
imagination task was formulated to mirror the HRI with NAO.
Accordingly, participants were instructed as follows: ‘imagine
you would play a memory game with the NAO robot, which is
seated in front of you. You uncover your cards and, taking turns,
it instructs you to uncover cards on its behalf. When all pairs are
found, the game is over, and the robot asks you if you would
like to play another round.” In the low similarity condition, the
imagination consisted of a standard scenario that has already
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been used in previous experiments by [27]. It depicted the NAO as
an assistant at home. It was chosen as the control scenario because
previous research has shown that it did not evoke different
emotions or led to a different imagination quality compared to
the other scenarios used by [27]. Instructions read as follows: ‘ima-
gine you had a NAO robot at your home. We are interested in how
NAO could help and support you. Imagine for example that the
NAO helps and supports you with tasks, that you talk to each
other etc.’

Previous research by Wullenkord and Eyssel [20] has shown
that the amount of detail in an imagination scenario did not influ-
ence the effects of IC on robot attitudes. In their study, the authors
used a restaurant scenario that was described either with a low
versus high amount of detail. In the ‘high detail condition’, the
interaction with the robot was described meticulously, including
the course of the interaction from start to finish, what was dis-
cussed during interaction, and a description of the robot’s
behaviour. In the ‘low detail condition’, the interaction was
described in general terms, referring to the fact that the participant
and the robot would engage in a short and pleasant interaction. As
in the present study, the amount of details presented was vastly
different, and the scenarios used by [20] were pretested extensively
to make sure that participants indeed experienced a different
amount of detail in the different conditions. Accordingly, even
though the scenario in the low similarity condition in the present
study appeared less detailed compared to the scenario in the
high similarity condition, the difference in amount of details
should not influence the results regarding HRI, but the results
should be because of the differences in similarity. Participants
were instructed to imagine the task for 90s with their eyes
closed as closing the eyes during imagination enhances the IC
effect [28]. The duration was set to 90 s as previous experiments
showed that the time was sufficient to read the instructions and
imagine the task in detail. Furthermore, participants started to
ignore the instructions and looked around the room when imagin-
ation time was longer. After 90 s, an audio signal indicated that the
imagination task was finished, and participants proceeded with
the robot interaction task.

(d) Human-—robot interaction with NAQO

NAO is a humanoid robot by SoftBank Robotics. It is 57.4 cm
tall and weights 5.2 kg. NAO has 25 degrees of freedom and
is equipped with tactile sensors, directive microphones, high
definition cameras, loudspeakers as well as infrared sensors.

To realize an HRI scenario, participants played a memory
game with the NAO robot. They were seated in front of NAO,
the game was explained in detail, and participants had the
opportunity to get instructed several times if needed. The com-
plete interaction was videotaped. Participants were told that
they would take turns turning cards for themselves and on
behalf of the robot. The rationale behind this procedure was
simply based on the fact that NAO’s hands are not suitable for
picking up cards from the table and for turning them around.
The robot would therefore explain to participants that its arms
were too short to pick up the cards. It instructed them in each
turn which cards they were supposed to turn (e.g. “please turn
the left card in the second row.’). To keep the trials as similar
as possible, the cards would be distributed as shown in
figure 1 for every trial.

The NAO robot was operated by a trained experimenter via
Wizard-of-Oz, meaning the robot appeared as if he would func-
tion autonomously and the participants did not know that the
experimenter in fact controlled the robot. The experimenter
would sit behind a partition panel during the interaction task.
A webcam made sure that the experimenter could see what
the participants were doing. The different behavioural response
options were pre-programmed in CHOREGRAPHE and the

left right

1st row

2st row

3rd row

4th row

Figure 1. Work space of the memory game task.

experimenter chose robot behaviour that was suitable for the
given situation. The behaviour to choose from included verbal
explanations about the memory game itself, instructions regard-
ing which card to uncover next, the robots’ reactions upon
winning or losing a round, and inquiries as to whether partici-
pants wanted to play another round. To make sure that
unexpected participant behaviour (e.g. asking questions that
are beyond NAOs response options) would not require the ter-
mination of the experimental session, ‘emergency behaviours’
were included in NAO'’s response repertoire. For example,
NAO would say that it did not understand the participant
and wanted to continue playing, or that it did not understand
and accordingly, NAO asked the participant to call the exper-
imenter. Furthermore, the experimenter had the possibility to
react to cheating by having the robot ask the participant to
stick to the rules. However, this was not needed during the
experiment as all participants played in a fair manner. The
game lasted for a maximum of four rounds. To make the
rounds shorter and to provide participants with the opportu-
nity to play multiple rounds, only eight cards were included
in the game, resulting in four pairs, as seen in figure 1. A
round ended when all pairs were found and could result in
either the participant winning, NAO winning, or a draw.
After each round, NAO asked if participants wanted to play
another round until the maximum of four rounds was reached.
Then, NAO told participants that the interaction was over, and
that the experimenter would tell them how to proceed.

(e) Video coding

The interaction between the participant and the robot was video-
recorded. Participants were aware of the video recordings and
consented before the start of the experiment. The video data
were coded according to a scheme which was developed based
on two taxonomies of behaviour. First, Mehrabian [29] has intro-
duced a taxonomy of verbal and nonverbal behaviours which
are associated with attitudes and reactivity towards an interaction
partner [29]. It includes behaviours such as facial expressions
(e.g. smiles), gestures (e.g. nodding, head shakes), touch of one’s
own body, eye contact, body signs of comfort and relaxation as
well as verbal utterances. Complementing this taxonomy, we
referred to Patterson’s work [30]. This encompassed a taxonomy
of nonverbal behaviours, including distance, gaze, touch, posture,
movements, self- and object manipulation, pupil reactions, and
several other categories. Taken together, these two taxonomies
formed the theoretical basis for the video coding scheme to analyse
our qualitative data. To build a baseline, four randomly selected
videos of the interaction with the NAO robot were inspected by
two research assistants as well as two research interns from our
laboratory. They compared the taxonomies suggested in the
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literature with the behaviours that were displayed during the
memory card game. This was relevant to reduce the taxonomies
to categories relevant for the given video data. In some cases, sev-
eral different behaviours were summarized under a category, for
example social behaviour towards the NAO encompassed beha-
viours such as nodding or frowning. This initial coding scheme
was then used to train our annotator, another research intern
from the laboratory, and to code two more videos. Subsequently,
the coding scheme was adapted and refined according to his
remarks. The behaviour was coded by the annotator based on
this final coding scheme using ELAN (Max Planck Institute
for Psycholinguistics). The data were then pre-processed by an
algorithm that counted the number of annotated behaviours, and
computed the mean duration of each behaviour and of the
behaviour overall.

(f) Dependent measures

Dependent measures were assessed using a questionnaire that
included items on perceived interaction quality as well as partici-
pants’ interaction behaviour during HRI. Interaction quality of
the memory game task [27] was measured with items like:
‘Twould have liked to play with the NAO for longer.” or ‘I would
have preferred to play with a human.” Responses were given on
seven-point Likert scales, with 1 indicating low self-reported
interaction quality and 7, indicating high perceived interaction
quality.

Regarding behaviour assessment during HRI with NAO, we
used a coding scheme that encompassed nine categories to evalu-
ate participants’ interaction behaviour. Firstly, the duration and
number of verbal utterances towards the robot were measured.
Secondly, passivity during the game was evaluated. This
category referred to the number of times the experimenter had
to instruct the participant to proceed with the game. Further-
more, perceived wellbeing of the participant during the
interaction was coded, operationalized by the participant show-
ing signs of discomfort, for example, folding the arms, turning
away from the robot, creating distance by moving away from
the table, etc. Additionally, number and duration of smiles
towards the robot were coded as well as eye contact with the
robot. Finally, the number of rounds won by the participant,
and social behaviour towards the robot were measured, which
was operationalized as nonverbal communication behaviour
like nodding and frowning.

(g) Covariates

Several covariates were included in the design of the present
experiment to control for their impact on the experimental results.
We aimed to make sure that potential changes in perceived
interaction quality and interaction behaviour were owing to the
similarity between imagination task and the interaction scenario
with NAO, and not owing to changes in robot-related attitudes or
differences in imagination quality. Therefore, we analysed the
results with as well as without controlling for effects of these covari-
ates. Participants reported perceived clarity and vividness of their
imagination (e.g. ‘the imagination task was difficult for me.”). Fur-
thermore, we captured their emotions during the imagination (e.g.
‘if you were in the situation you imagined, how irritated would you
be?’). We also controlled for robot-related attitudes using the Nega-
tive Attitudes towards Robots Scale (NARS) [31] and the Robot
Anxiety Scale (RAS) [32], we assessed their liking and acceptance
of service robots [33], as well as contact intentions and willingness
to interact with robots [34].

Additionally, we included an indirect attitude measure to
assess the relative preference of humans over robots. In this
regard, participants completed the implicit association test (IAT)
[35], a reaction time measure which captures the strength of associ-
ations between concepts. Finally, prior robot experience and

human robot
or or
positive negative

Figure 2. Screenshot from the IAT task.

demographic information (e.g. gender, nationality etc.) were
measured to control for these variables.

(h) Implicit association test

The IAT is an indirect attitude measure developed by Greenwald
et al. which uses reaction times to assess the preference of one
concept over another [35]. More specifically, in the case of this
study, the IAT captured the relative preference for humans
over robots. Our stimuli consisted of positive and negative
words such as ‘joy’, ‘wonderful’, and ‘death’ or ‘disgusting’
and pictures. The stimuli consisted of black silhouettes of
human beings and robots, taken from [36]. Participants were
instructed to categorize these stimuli via button press. In the
beginning, practice trials were implemented to make sure that
participants were familiar with the procedure. The task in the
first block of test trials was to categorize positive words and
human pictures on one button (the ‘X’ key) and negative
words and robot pictures on another button (the ‘M’ key). After-
wards, the order was reversed and accordingly, participants had
to categorize positive words and robot pictures on one key, and
negative words and human pictures on the other key. Again, we
implemented some practice trials in the beginning to train
participants. Figure 2 shows a screenshot from the IAT task.

(i) Implicit association test scoring

To prepare the IAT data for analyses, a D score was computed using
the D-algorithm by [37]. The D score reflects a relationship between
the reaction times in ‘consistent’ trials (i.e. trials in which human
pictures were paired with positive words and robot pictures with
were paired with negative words), and the reaction times in “incon-
sistent’ trials (i.e. the trials in which human pictures were paired
with negative words and robot pictures were paired with positive
words, respectively). If this score is significantly different from
zero, this means that participants showed a preference of one
concept over the other. In the context of our experiment, this
would imply that participants preferred humans over robots. If
the score is not different from zero, both concepts are evaluated
equally positive or negative, respectively.

3. Results

(a) Preliminary analyses

To gain insights into the psychometric characteristics of the
measures used in the present research, mean values and
reliabilities were computed (table 1). All reliabilities ranged
from acceptable to good, respectively, with a = 0.72 for liking
and a«=0.89 for contact intentions. Intraclass-correlations
(ICCs), which in this case represent the interrater reliabilities
for the behavioural measures obtained through the video analy-
sis, ranged from ICC = 0.72 for the duration of smiles shown by
the participants, to ICC = 0.84 for perceived wellbeing of the
participants, which was acceptable as well.
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Table 1. Means, standard deviations and reliabilities of the dependent measures and covariates. (Note. Duration behaviours in ms. Verbal, verbal utterances; n

social, social behaviours. Covariates are displayed in italic font.)

scale M s.d.

willingness to interact 4.89 0.94
s 341 0.94
NARS 3.46 0.97
cohtact intehﬁons 4.69 1.26
liking 447 1.06
acceptance 2.76 1.05
IAT 0.44 0.37
interaction quaiity 537 1.09
durationyerpal 15384.15 17752.51
» number{,e,ba, 16.25 14.90
durationgpijes 50614.15 40593.64
nuMmber, e 13.95 8.93
passivity 2.95 9.18
rounds won 0.15 043
wellbeing 5.20 1.22
eye contact 413 0.79
durationsygy 26558.75 17608.84
number,, g, 18.85 9.60

(b) Main analyses

We were interested in the effects of IC on HRI. More specifi-
cally, our experiment was designed to examine the effect of
the similarity between an IC task (low versus high) on a sub-
sequent HRI. We predicted that given high similarity
between IC and HRI, participants would rate the HRI more
positively compared to low similarity between IC and HRI
(H1). Secondly, high similarity between IC and HRI would
lead to more positive (verbal and nonverbal) interaction be-
haviour, compared to low similarity between IC and HRI
(H2).

() Analyses without covariates

To test hypothesis 1, a t-test was computed using the similarity
of the imagination (low versus high) as the independent vari-
able, and the perceived interaction quality as the dependent
variable. There was a significant effect of similarity on
perceived interaction quality, t33=2.24, p=0.03, d =0.72.
Participants who had imagined a situation that was highly
similar to the subsequent HRI, rated the interaction more
positively (M =5.73, s.d. = 1.11) than participants who had
imagined a task low in similarity (M =5.00, s.d.= 0.95).
Figure 3 illustrates these findings.

A second t-test was conducted to test hypothesis 2, which
predicted that high similarity of imagination and HRI would
lead to more positive behaviour during HRI, Again, the
similarity between IC and the interaction was used as the inde-
pendent variable and the behavioural measures were used as
dependent variables. The t-test showed a significant and
large effect of similarity on number of social behaviours
towards NAO (fz5 = —2.37, p = 0.02, d = 0.75). That is, partici-
pants who had imagined a scenario that was high in similarity
to the actual HRI showed more social behaviours (M = 22.25,

Cronbach’s o intraclass-correlation
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— 0.80
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interaction quality
—_— N W Rk N

low high

similarity
Figure 3. Perceived interaction quality as a function of similarity between IC
and HRI.

35r
30
25
20
15
10

no. social behaviours

low

high
similarity

Figure 4. Number of social behaviours as a function of similarity between IC
and HRI.

s.d. = 10.31) than participants who imagined a scenario low
in similarity to the actual HRI (M = 1545, s.d. = 7.66). The
effect is displayed in figure 4. A marginally significant effect
of similarity was obtained for duration of social behaviours
towards NAO, tz3 = —1.74, p = 0.09, d = 0.55. Participants in
the high similarity condition showed a longer duration of
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Figure 5. Duration of social behaviours as a function of similarity between IC
and HRI.

social behaviours (M = 31291.15, s.d. = 20443.41) than in the
condition with low similarity (M = 21826.35, s.d. = 13091.24).
Figure 5 shows these results. They support hypothesis 2
regarding nonverbal interaction behaviour. The part of
hypothesis 2 predicting differences in verbal interaction
behaviour could not be supported.

(d) Analyses with covariates

To make sure that our results were in fact owing to our exper-
imental manipulation rather than biased by covariates, we
decided to conduct an additional analysis of covariance
(ANCOVA). According to the principle of parsimony [38], cov-
ariates that do not significantly influence the dependent
measures in the first place are eliminated from the ANCOVA.
The IAT D-score differed significantly from 0 (M= 0.44,
s.d. = 0.37, p < 0.001), indicating that, in line with our predic-
tion, the reaction times revealed an implicit preference for
humans over robots. However, the IAT did not serve as a sig-
nificant covariate and was therefore removed from the
ANCOVA. Thus, the following covariates remained in the
analysis: nationality, robot experience, gender, imagination
quality, and emotions during the imagination. We computed
the ANCOVA including condition as an independent variable
and interaction behaviour as well as perceived interaction
quality as dependent variables and controlled for the aforemen-
tioned covariates. Results revealed an effect of similarity on
perceived interaction quality (F;33=5.85, p=0.02, partial
77 =0.15) and on number of social behaviours (Fy33="7.25,
p=0.01, partial 7> = 0.18). As before, participants who ima-
gined a situation similar to the subsequent HRI reported a
higher perceived interaction quality (M =5.75, s.d. = 0.98)
and a higher number of social behaviours (M = 22.51, s.d. =
8.46) than participants who imagined a situation low in simi-
larity to the HRI situation (M = 5.0, s.d. = 0.98 for perceived
interaction quality and M =15.19, s.d. = 8.46 for number of
social behaviours, respectively). No other significant effects of
similarity were obtained.

4. Discussion

The widespread deployment of robots in various societal con-
texts may be hindered by fears and anxiety related to robots,
among other factors. Previous research was inspired by social
psychology and has tackled this issue by trying to improve nega-
tive robot attitudes and to reduce robot anxiety by implementing
IC. IC represents an experimental paradigm that effectively
reduces intergroup prejudice between humans (see, e.g. [13-
16,19-21]). Using this paradigm to improve attitudes towards

robots yielded mixed results. That is, whereas some findings [ 6 |

speak to its effectiveness in improving robot attitudes and
emotions towards robots [20], other results fail to replicate the
beneficial effects [21].

The present experiment thus aimed to address the question
of whether IC might be useful to improve actual HRI, which
goes beyond previous research which has focused solely on
attitudes towards robots or mere self-reports regarding HRI be-
haviour. Accordingly, we explored the effects of IC on the
perception of and behaviour during actual HRI. This idea
rested on the assumption that IC would provide a behavioural
script for HRI (e.g. [22—24]). We reasoned that the imagination
of human-robot contact that is marked by high similarity to
subsequent actual HRI would (i) positively affect perceived
HRI quality and would (ii) positively impact behaviour
during HRI with NAO compared to an imagination that was
low in similarity to the actual HRI scenario.

Indeed, our experimental results give interesting insights
into the influence of IC on HRI, showing that perceived HRI
quality and HRI behaviour are positively affected by IC,
documenting the positive effect of IC in the realm of social
robots. Our findings are in line with our hypotheses, providing
evidence for the fact that participants who imagined a situation
that was highly similar to the real HRI situation they experi-
enced later, rated the interaction more positively, and showed
a higher number of social behaviours towards the NAO robot
during the interaction.

The multi-method approach we used is one of the major
strengths of the study: we incorporated behavioural data from
the interaction situation, self-report measures, and an indirect
attitude measure. Therefore, our results include both qualitative
and quantitative data—enabling a multifaceted analysis of
actual behaviour, self-reports, and reaction time data to gain
insights into the psychological processes involved. Arguably,
the IAT falls victim to the typical methodological issues of indir-
ect attitude measures in general, e.g. a relatively lower reliability
in comparison to direct measures [39]. At the same time, the psy-
chometric properties of an IAT outperform many other indirect
attitude measures (see [40] for a detailed overview over the val-
idity of the IAT). Follow-up studies should include even more
indirect attitude measures as dependent variables to investigate
these in the context of social robotics further.

Moreover, studies that include real-time HRIs often lack
statistical power owing to small sample sizes. This was not the
case in the present research, as a posteriori power analyses con-
ducted with G*power confirmed that our sample was big
enough even for small effects to reach significance. That means,
in our case, statistical power was sufficient.

In addition to these methodological strengths, our exper-
iment goes beyond the results of previous IC research in HRI
in terms of scope (e.g. [19-21]): Our data show that IC improves
the perceived quality of HRI and behaviour during HRI if users
imagine contact with a robot prior to real contact with NAO,
highlighting the key role of similarity between imagination
and reality. Previous research on the effectiveness of IC in the
context of social robotics has administered scenarios which
usually featured an unspecific interaction with a robot without
further detailing the context. Indeed, it might be advantageous
to have a “one-fits-all’ generic IC scenario at hand that would be
applicable and generalizable to a variety of users and contexts.
However, the mixed results from previous research document
the difficulty of identifying an optimal solution of this kind
(e.g. [19-21,27]). So far, it has not yet been shown that IC
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reliably and reproducibly improved robot-related evaluations.
The present study goes beyond these results by providing evi-
dence for the need to specifically tailor the IC situation to
the given context of the HRI. Further research should explore
the degree of similarity necessary to evoke effects on behaviour
during HRI and HRI perception.

With regards to determining the required minimal simi-
larity between imagined and actual contact, we suggest
several possibilities. On the one hand, it could be possible
that an IC scenario has to exactly mirror the subsequent task
to evoke the positive effects we found. On the other hand, it
might be sufficient to only mirror the context of the HRI (e.g.
the environment being a school), without the need for exactly
mirroring the subsequent HRI. If this applies, one general,
rather unspecific scenario for robots in a school setting would
be sufficient to improve HRI in this context without the neces-
sity to tailor IC scenarios for every possible HRI task that could
occur within the school context. For example, such a more uni-
versal scenario could read: ‘Imagine there was a robot to assist
you while you are at school. We are interested in how the robot
could help and support you. Imagine for example, that the
robot helps and supports you with your tasks, that you talk
to each other etc.”. The idea of having one scenario for several
potential interactions in one context, for example the school
context, is supported by the results of [41] who found that
the positive effects of mentally simulating an activity transfers
to other, similar activities.

Clearly, the present research has set the stage for several
follow-up studies. The present research did not assess the
effect of the IC scenarios on robot attitudes, but rather concen-
trated on the effect on HRI and perceived HRI quality. Future
studies should assess the effects of similarity of IC and
HRI on robot-related attitudes as well, replicating previous
research. In addition, even though our power analysis
showed sufficient power to detect small effect sizes, an
a priori power analysis revealed that a larger sample size
encompassing 176 participants would have been optimal in
terms of statistical power. Since the study design and set-up
was complex, so was the analysis of the video data. Therefore,
at the time of data collection, recruiting a larger sample of par-
ticipants was not feasible. It is plausible that a replication study
with more participants might yield even stronger results than
those obtained in the present research. Furthermore, it might
be advisable to include a baseline control condition without
IC to gain better insights into the perception of the interaction
and interaction patterns in HRI per se. That is, future studies
should add one condition in which participants do not imagine
contact of any kind, neither high nor low in similarity to the fol-
lowing actual HRI. Such a baseline control condition would
allow insights into the perception of the mere HRI itself without
the influences of the previous experimental treatment. With
regards to the implementation of the experimental conditions
in the present research, it might be that these might have
evoked different expectations regarding the robot’s capabilities.
Even though NARS, RAS, contact intentions, the willingness to
interact, acceptance and liking of the robot were no relevant
covariates, it cannot be ruled out completely that differences
in participants’ expectations regarding the robot’s capabilities
might have affected the present results. That is, such expec-
tations might not have been met, particularly in the low
similarity condition. Therefore, we recommend assessing
perceived robot capabilities to control for inter-individual
differences in participants” expectations.

Additionally, the amount of details implemented in

our scenarios may represent a critical issue. This is because
one might argue that the scenario low in similarity included
fewer details. This, in turn, might have decreased the level of
elaboration, thereby biasing the results. However, as previously
mentioned, the results in [20] have shown that the amount of
detail in the scenarios did not have an impact on the experi-
mental outcomes. Additionally, in the present research, we
had assessed vividness and clarity of the imagination, which
should be affected by a different amount of elaboration of the
imagination task. In fact, imagination quality turned out a sig-
nificant covariate and we controlled for it in the analysis of
covariance. The effects of similarity on number of social beha-
viours as well as on the perceived quality of the interaction
were also statistically significant in the ANCOVA.

Also, statistically significant effects were obtained only for
two of the behavioural measures that we had implemented in
our design—social behaviour, in particular. Social behaviour
was operationalized as nonverbal communication behaviour
like nodding and frowning. At the same time, however, the
IC task did not change the amount of verbal utterances
towards the robot, or the amount of eye contact, for example.
There are several potential reasons for this outcome. One
reason could be that the robot interaction task was highly
structured. Therefore, participants might not have felt the
need to communicate with the robot and thus, might
mainly have focused on the task at hand, the memory
game. It would be interesting to replicate the findings using
a different HRI task which would encompass more mutual
interaction between the robot and participants.

Another important issue for future research concerns the con-
text of HRI itself. Participants were asked to play a memory game
with the robot. However, this game context does not allow gen-
eralization to everyday scenarios, like the afore mentioned school
context, for example. Furthermore, a participant can simply lose
the memory game. This trivial fact could elicit frustration in the
participants. Even though we tried to let the participants win
the first game of any round to allow for a start with a positive
experience (which was successful most of the time), we suggest
measuring positive and negative affect, including frustration
after the memory game task to control for such aspects. More-
over, it might be recommendable to keep the number of
rounds constant. We made it variable to use it as a dependent
measure for the HRI situation, assuming that participants who
like to interact with NAO would play more rounds. However,
this is not what we actually observed. Thus, the fact that partici-
pants varied in the number of rounds played, extended or
shortened the HRI accordingly—an issue that should be avoided
in follow-up experiments.

Furthermore, the duration of the HRI scenario in our exper-
iment has to be discussed. Participants had the opportunity to
play up to four rounds of memory with the robot. This would
result in an interaction of medium length (approx. up to 8 min).
Realistic interactions with social robots in the future will be
either much shorter (e.g. paying my groceries to a robot cashier
or asking for directions) or much longer, involving repeated
interactions (e.g. cooperating with a robot in the work context).
Consequently, further studies should consider the length of the
HRI as a key factor, potentially even realizing repeated inter-
actions over time. Finally, future studies should go beyond
the present work regarding the imagination task by explicitly
asking participants about their behavioural script. This
would more directly test our tacit assumption that the



formation of a behavioural script represents a psychological
mechanism underlying the positive effects of similarity in IC.
We assumed that a script would facilitate HRI by offering par-
ticipants a predefined repertoire of behaviours and responses
for the HRI situation, thus providing them with different be-
haviour alternatives to choose from. To test this assumption,
participants could be asked to freely generate possible beha-
viours within the broad general context of the upcoming HRI
situation before the interaction takes place, without presenting
an IC scenario. If those participants whose generated scripts
matched the HRI more closely would show similar benefits
to the participants in our condition high in similarity to the sub-
sequent HRI, it could be seen as more evidence for our
behavioural script hypothesis. It could also be interesting to
investigate the impact of different approaches to train partici-
pants for subsequent contact with a robot. That is, IC could
be compared with mental training, a prominent approach in
sports psychology (see e.g. [42] for a meta-analysis or a video
of an interaction could be presented instead (e.g. [43])).

5. Conclusion

The present experimental data speak to the effectiveness of IC
in the context of social robotics, extending the evidence to a
nonhuman ‘outgroup’. Owing to our multi-method approach,
the findings go beyond previous research [19-21] and provide
insights into participants” perception and behaviour during
actual HRI The results imply that it is beneficial to tailor the
IC scenario to the HRI situation and, by that, give a possible
explanation for the fact that previous studies had rather

References

1. Nomura T, Kanda T. 2003 On proposing the concept 6.

of robot anxiety and considering measurement of it.

In Proceedings of the 12th International Symposium

on Robot and Human Interactive Communication
(RO-MAN 2003), pp. 373—378. Vancouver,

(Canada: IEEE. 7.

2. Bartneck C, Nomura T, Kanda T, Suzuki T,

Kato K. 2005 A cross-cultural study on

attitudes toward robots. In Proceedings of

the HCI International, Las Vegas. See http:/www. 8.
bartneck.de/publications/2005/nars/bartneck

HCI12005.pdf.

3. Reich-Stiebert N, Eyssel F. 2015 Learning with
educational companion robots? Toward attitudes on 9.
education robots, predictors of attitudes, and
application potentials for education robots.

Gawronski B, de Houwer J. 2014 Implicit measures ~ 12.
in social and personality psychology. In Handbook of
research methods in social and personality

psychology (eds HT Reis, (M Judd), pp. 283310,

2nd edn. New York, NY: Cambridge University Press.

Fazio RH, Olson MA. 2003 Implicit measures in

social cognition research: their meaning and use.

Annu. Rev. Psychol. 54, 297—327. (doi:10.1146/
annurev.psych.54.101601.145225)

Petty RE, Fazio RH, Brifiol P. 2009 The new implicit ~ 13.
measure: an overview. In Attitudes: insights from the

new implicit measures (eds RE Petty, RH Fazio, P

Brinol), pp. 3—18. New York, NY: Psychology Press.
Dovidio JF, Kawakami K, Gaertner SL. 2002 Implicit ~ 14.
and explicit prejudice and interracial interaction.

J. Pers. Soc. Psychol. 82, 62—68. (d0i:10.1037/

mixed results with regards to the effectiveness of IC in the
context of social robotics. Furthermore, the results have
important implications for future research. First, further
research has to identify the ideal fit between IC and actual
human-robot contact for maximal IC effectiveness. Second,
our results support the assumption that IC offers a behavioural
script to guide the performance in an interaction situation,
which should be examined in more detail. Above and
beyond, the experimental paradigm of the memory card
game with the robot NAO serves as a fruitful basis for
various follow-up studies to further clarify the boundary con-
ditions for IC effects in HRI. Finally, we hope to inspire more
experimental research using multi-method approaches to
study social psychological phenomena in the context of social
robots and HRIL

Ethics. Our study was approved by the Bielefeld University Ethics
Board (ethics application number EUB-2015-115).

Data accessibility. All analyses were done with IBM SPSS Sratistics v. 21.
Video coding was done using the freeware tool ELAN v. 5.2 for
Windows (Max Planck Institute for Psycholinguistics). The datasets
supporting this article have been uploaded in the electronic
supplementary material.

Authors” contributions. The first and second authors of this manuscript
conceptualized the study in cooperation. The first author collected
and analysed the data, as well as drafted the article. The first and
second authors revised the article in cooperation. The second
author gave final approval of the version to be published.

Competing interests. We declare we have no competing interests.

Funding. This research was supported by the Cluster of Excellence
Cognitive Interaction Technology ‘CITEC’ (EXC 277) at Bielefeld
University, which is funded by the German Research Foundation (DFG).

Schiffhauer B. 2015 Determinanten von
Anthropomorphismus und ihre Bedeutung fiir
Dehumanisierung: Zuschreibung und Absprechen von
Menschlichkeit gegeniiber Menschen und nicht-
menschlichen Entitéten. [Determinants of
anthropomorphism and their importance for
dehumanization: ascription and denial of humanness
toward humans and non-human entities]. PhD
dissertation, Bielefeld University, Bielefeld, Germany.
Crisp RJ, Turner RN. 2009 Can imagined interactions
produce positive perceptions? Reducing prejudice
through simulated social contact. Am. Psychol. 64,
231-240. (doi:10.1037/a0014718)

Brambilla M, Ravenna M, Hewstone M. 2012
Changing stereotype content through mental
imagery: imagining intergroup contact promotes

Int. J. Soc. Robot. 7, 875—888. (doi:10.1007/ 0022-3514.82.1.62) stereotype change. Group Process. Intergroup Relat.
$12369-015-0308-9) 10.  Friese M, Hofmann W, Schmitt M. 2008 When and why 15, 305-315. (doi:10.1177/1368430211427574)
4. Nomura T, Kanda T, Suzuki T. 2006 Experimental do implicit measures predict behavior? Empirical 15. Turner RN, Crisp RJ, Lambert E. 2007 Imagining

investigation into influence of negative attitudes
toward robots on human—robot interaction. A/ Soc.
20, 138—150. (doi:10.1007/500146-005-0012-7)

5. Nomura T, Kanda T, Suzuki T, Kato K. 2008 Prediction  11.
of human behavior in human-robot interaction using
psychological scales for anxiety and negative attitudes
toward robots. /EEE Trans. Robot. 24, 442—451.
(doi:10.1109/TR0.2007.914004)

evidence for the moderating role of opportunity,

motivation, and process reliance. Eur. Rev. Soc. Psychol.

19, 285—338. (doi:10.1080/10463280802556958)

Vasudevan SK. 2008 A cross-cultural comparison of ~ 16.
attitudes toward robots among a Japanese and US
university faculty using implicit and explicit

measures. Unpublished Master thesis, Indiana

University, Bloomington, IN, USA.

intergroup contact can improve intergroup attitudes.
Group Process. Intergroup Relat. 10, 427 —441.
(doi:10.1177/1368430207081533)

Kuchenbrandt D, Eyssel F, Seidel SK. 2013
Cooperation makes it happen: imagined intergroup
cooperation enhances the positive effects of
imagined contact. Group Process. Intergroup Relat.
16, 635—647. (doi:10.1177/1368430212470172)

8€008L07 :FLE § 20S “Y "supi[ “iyd  qis/[eusnol/bao-buiysiigndranosiedol H


http://www.bartneck.de/publications/2005/nars/bartneckHCII2005.pdf
http://www.bartneck.de/publications/2005/nars/bartneckHCII2005.pdf
http://www.bartneck.de/publications/2005/nars/bartneckHCII2005.pdf
http://www.bartneck.de/publications/2005/nars/bartneckHCII2005.pdf
http://dx.doi.org/10.1007/s12369-015-0308-9
http://dx.doi.org/10.1007/s12369-015-0308-9
http://dx.doi.org/10.1007/s00146-005-0012-7
http://dx.doi.org/10.1109/TRO.2007.914004
http://dx.doi.org/10.1146/annurev.psych.54.101601.145225
http://dx.doi.org/10.1146/annurev.psych.54.101601.145225
http://dx.doi.org/10.1037//0022-3514.82.1.62
http://dx.doi.org/10.1037//0022-3514.82.1.62
http://dx.doi.org/10.1037//0022-3514.82.1.62
http://dx.doi.org/10.1080/10463280802556958
http://dx.doi.org/10.1037/a0014718
http://dx.doi.org/10.1177/1368430211427574
http://dx.doi.org/10.1177/1368430207081533
http://dx.doi.org/10.1177/1368430212470172

20.

21.

22.

23.

24,

25.

Turner RN, West K. 2012 Behavioral consequences of
imagining intergroup contact with stigmatized
outgroups. Group Process. Intergroup Relat. 15,
193-202. (doi:10.1177/1368430211418699)

Miles E, Crisp RJ. 2014 A meta-analytic test of the
imagined contact hypothesis. Group Process.
Intergroup Relat. 17, 3-26. (doi:10.1177/
136843021351057)

Kuchenbrandt D, Eyssel F. 2012 The mental
simulation of a human—robot interaction: positive
effects on attitudes and anxiety toward robots. In
Proceedings of the 21st International Symposium in
Robot and Human Interactive Communication
(ROMAN 2012), pp. 463—468. Paris, France: |EEE.
Waullenkord R, Eyssel F. 2014 Improving attitudes
towards social robots using imagined contact. In
Proceedings of the 23rd International Symposium on
Robot and Human Interactive Communication (RO-
MAN 2014), pp. 489—494. Edinburgh, Scotland:
IEEE.

Wullenkord R, Fraune M, Eyssel F, Sabanovié S. 2016
Getting in touch: how imagined, actual, and
physical contact affect evaluations of robots. In
Proceedings of the 25th International Symposium on
Robot and Human Interactive Communication (RO-
MAN 2016), pp. 980—985. New York, NY: IEEE.
Anderson CA. 1983 Imagination and expectation:
the effect of imagining behavioral scripts on
personal influences. J. Pers. Soc. Psychol. 45,
293-305. (doi:10.1037/0022-3514.45.2.293)

Crisp RJ, Husnu S. 2011 Attributional processes
underlying imagined contact effects. Group Process.
Intergroup Relat. 14, 275-287. (doi:10.1177/
1368430210390721)

Husnu S, Crisp RJ. 2010 Elaboration enhances the
imagined contact effect. J. Exp. Soc. Psychol. 46,
943-950. (doi:10.1016/j.jesp.2010.05.014)

Abelson RP. 1981 Psychological status of the script
concept. Am. Psychol. 36, 715-729.

26.

2].

28.

29.

30.

31

32.

33.

34.

Schank RC, Abelson RP (eds.) 1977 Scripts, plans,
goals and understanding: an inquiry into human
knowledge structures. Oxford, UK: Lawrence Erlbaum.
Waullenkord R. 2017 [Measurement and change of
attitudes toward robots — investigation of the
influence of imagined contact on implicit and
explicit measures.] Messung und Veranderung von
Einstellungen gegeniiber Robotern—Untersuchung
des Einflusses von imaginiertem Kontakt auf
implizite und explizite MaBe. PhD dissertation,
Bielefeld University, Bielefeld, Germany.

Husnu S, Crisp RJ. 2011 Enhancing the imagined
contact effect. J. Soc. Psychol. 151, 113-116.
(doi:10.1080/00224541003599043)

Mehrabian A. 1968 Some referents and

measures of nonverbal behavior. Behav. Res. Methods
Instrum. 1, 203—207. (doi:10.3758/BF03208096)
Patterson M. 1983 Nonverbal behavior. A functional
perspective. New York, NY: Springer.

Nomura T. 2004 Psychology in human-robot
communication: an attempt through investigation of
negative attitudes and anxiety toward robots. In
Proceedings of the 13th International Symposium on
Robot and Human Interactive Communication
(RO-MAN 2004), pp. 35—40. Okayama, Japan: IEEE.
Nomura T, Suzuki T, Kanda T, Kato K. 2006
Measurement of anxiety toward robots. In
Proceedings of the 15th International Symposium
on Robot and Human Interactive Communication
(RO-MAN 2006), pp. 372-377. Hatfield, UK: IEEE.
Higgins ET, Echterhoff G, Crespillo R, Kopietz R.
2007 Effects of communication on social knowledge:
sharing reality with individual versus group
audiences. Jpn Psychol. Res. 49, 89—99. (doi:10.
1111/j.1468-5884.2007.00336.x)

Eyssel F, Kuchenbrandt D. 2012 Social categorization
of social robots: anthropomorphism as a function of
robot group membership. Br. J. Soc. Psychol. 51,
724-731. (doi:10.1111/j.2044-8309.2011.02082.x)

35.

36.

37.

38.

39.

40.

41.

42.

43.

Greenwald AG, McGhee DE, Schwartz JLK. 1998
Measuring individual differences in implicit
cognition: the implicit association test. J. Pers. Soc.
Psychol. 74, 1464—1480. (doi:10.1037/0022-3514.
74.6.1464)

MacDorman KF, Vasudevan SK, Ho C-C. 2009 Does
Japan really have robot mania? Comparing attitudes
by implicit and explicit measures. Al Soc. 23,
485-510. (doi:10.1007/500146-008-0181-2)
Greenwald AG, Nosek BA, Banaji MR. 2003
Understanding and using the implicit association test:
I. An improved scoring algorithm. J. Pers. Soc. Psychol.
85, 197-216. (doi:10.1037/0022-3514.85.2.197)
Tabachnick BG, Fidell LS. 2013 Using multivariate
statistics, 6th edn. Boston, MA: Pearson Education.
Nosek BA, Greenwald AG, Banaji MR. 2005
Understanding and using the implicit association
test: Il. Method variables and construct validity.
Pers. Soc. Psychol. Bull. 31, 166—180. (doi:10.1177/
0146167204271418)

Nosek BA, Greenwald AG, Banaji MR. 2013 The
implicit association test at age 7: a methodological
and conceptual review. In Social psychology and the
unconscious: the automaticity of higher mental
processes (ed. JA Bargh), pp. 265—292. London, UK:
Psychology Press.

Lui KPY et al. 2009 A randomized controlled trial of
mental imagery augment generalization of learning
in acute poststroke patients. Stroke 40, 2222 —2225.
(doi:10.1161/STROKEAHA.108.540997)

Feltz DL, Landers DM. 1983 The effects of mental
practice on motor skill learning and performance: a
meta-analysis. J. Sport Psychol. 5, 25-57. (doi:10.
1123/jsp.5.1.25)

Shipley-Benamou R, Lutzker JR, Taubman M. 2002
Teaching daily living skills to children with autism
through instructional video modeling. J. Posit.
Behav. Interv. 4, 166—177. (doi:10.1177/
10983007020040030501)


http://dx.doi.org/10.1177/1368430211418699
http://dx.doi.org/10.1177/136843021351057
http://dx.doi.org/10.1177/136843021351057
http://dx.doi.org/10.1037/0022-3514.45.2.293
http://dx.doi.org/10.1177/1368430210390721
http://dx.doi.org/10.1177/1368430210390721
http://dx.doi.org/10.1016/j.jesp.2010.05.014
http://dx.doi.org/10.1080/00224541003599043
http://dx.doi.org/10.3758/BF03208096
http://dx.doi.org/10.1111/j.1468-5884.2007.00336.x
http://dx.doi.org/10.1111/j.1468-5884.2007.00336.x
http://dx.doi.org/10.1111/j.2044-8309.2011.02082.x
http://dx.doi.org/10.1037/0022-3514.74.6.1464
http://dx.doi.org/10.1037/0022-3514.74.6.1464
http://dx.doi.org/10.1007/s00146-008-0181-2
http://dx.doi.org/10.1037/0022-3514.85.2.197
http://dx.doi.org/10.1177/0146167204271418
http://dx.doi.org/10.1177/0146167204271418
http://dx.doi.org/10.1161/STROKEAHA.108.540997
http://dx.doi.org/10.1123/jsp.5.1.25
http://dx.doi.org/10.1123/jsp.5.1.25
http://dx.doi.org/10.1177/10983007020040030501
http://dx.doi.org/10.1177/10983007020040030501

	Imagine how to behave: the influence of imagined contact on human-robot interaction
	Introduction and related work
	Method
	Design and sample
	Procedure
	Independent variable: imagined contact
	Human-robot interaction with NAO
	Video coding
	Dependent measures
	Covariates
	Implicit association test
	Implicit association test scoring

	Results
	Preliminary analyses
	Main analyses
	Analyses without covariates
	Analyses with covariates

	Discussion
	Conclusion
	Ethics
	Data accessibility
	Authors’ contributions
	Competing interests
	Funding
	References


