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Speed Effects in Touching Behaviours: Impact on Perceived

Relationships in Robot-Robot Interactions

As a form of multiple-robot interaction, robot-robot interactions effectively
provide indirect information, unlike direct interactions between people and robots.
Even though numerous studies have affirmed this approach's effectiveness and the
development of conversational mechanisms for robot-robot interaction, their
physical interaction design has received inadequate attention. This study focuses
on the impact of the speed of robots' touching behaviours because people might
perceive such relationships between robots differently due to various motion
speeds, even with identical motions. We explored this issue by conducting two
web-survey experiments and investigated the human perceptions of a robot's
touching motion and the perceived relationship between two robots when one robot
touches the other at different speeds. Experiment 1 identified two peak speeds at
which people perceived a robot's touch as patting (a friendly touch) or slapping (an
aggressive touch). Experiment 2 demonstrated similar peak speeds, where people
perceived the robots’ relationships as either positive or negative in response to
patting or slapping behaviours. We maintain that understanding the relationships
between motion speeds and perceived friendliness between robots will

significantly improve the design of physical interactions between robots.

Keywords: robot-robot interaction, physical interaction, touch

1. Introduction

Robotics researchers are exploring the usefulness of engaging multiple robots in
human-robot interaction contexts [1] because the existence of multiple robots will
undoubtedly exert a strong social influence on interacting people [2-4] as well as human
groups [5-7]. Using multiple robots introduces a form of passive interaction, where people
observe the interaction between agents, akin to television viewing, e.g., observing
discussions between two commentators. This form of interaction enables robots to readily
initiate and control conversation flows. In the field of conversational robot design,

previous studies have demonstrated the effectiveness of this approach by employing



dialogues between agents to compensate for potential failures in speech recognition [8,

9.

The benefits of incorporating multiple robots are not confined to error recovery.
Other research shows the utility of multiple robot dialogues in tasks involving information
providing, i.e., conversational-style information, which among multiple robots is more
attractive for people than information from a single robot for real environments [10, 11].
Moreover, people are more influenced by the behaviour of multiple robots than single
agents, even though the quantity of information is identical. Past studies reported the
advantages of using multiple robots in the context of attractive promotion [12, 13],

praising [14, 15], education [16, 17], apologies [18], and trust [19].

However, currently designing interactions among multiple robots strongly
emphasizes conversational engagement. In the human-robot interaction context, such
physical interaction as touching can powerfully influence observers' perceptions—often
more than conversation-only interactions [20, 21]. In the context of multiple robot
interaction, a previous study explored the impact of touch interaction between robots [10]
and primarily compared scenarios with/without touch interactions between robots with

heuristically-designed touch behaviours.

We posit that the parameters of touch behaviours, specifically guidelines for
motion speed, are critical for shaping the interpretation of touch interactions. Even at
identical motions (e.g., a robot touching another with its palm or the back of its hand),
varying speeds might elicit vastly different perceptions from observers. For example, a
slow movement may be perceived as a friendly pat; a fast one might be interpreted as an
aggressive slap. Understanding such nuances is vital for effectively designing physical

interactions between robots.



Several studies that focused on the effects of motion speed mainly investigated
how it changes perceived emotions via robots’ gestures. For example, Deshmukh et al.
reported the relationships between robot’s motion speeds on perceived impressions,
although their study did not focus on touch behaviours [22]. Willemse et al. investigated
the touch speed effects in human-robot interaction in a video-based experiment and
reported that a velocity of approximately 3 cm/s was rated as the most pleasant [23].
Although both studies provided design knowledge about motion speeds and observing
touch effects, they focused less on touch behaviours in robot-robot interaction and
behaviour design perspectives. In human-human interaction studies, past studies mainly
focused on how the visual perception of touch elicits conscious tactile experiences in
observers [24, 25]. These two studies investigated the brain activities of people who are
observing touch interactions and investigated the synaesthesia process and paid less
attention to the speed effects in touch interaction. Based on these considerations, a lack
of knowledge exists on the speed effects of robots’ motions on the perceived
impressions of observers.

This study aims to identify the speed boundary that differentiates two types of
robot behaviours: touching by the palm or the back of the hand with slow/fast speeds. A
deeper understanding of how observers perceive varying motion speeds will enable
robotics researchers to design robot touch behaviours based on valuable insights,
reducing misconceptions among the observers. For this purpose, we conducted two
different experiments in this study. Firstly, it is unknown where is the transition point
between a pat and a slap in touching behaviours, therefore we conducted an online survey
that explored the speed boundary that distinguishes robot-touching behaviours,
pinpointing the transition point where a pat becomes a slap using the palm (Fig. 1) and

the back of the hand (Fig. 2). Thus, the first experiment aims to retrieve hypotheses about



the relationships between the robot’s motion speeds and the perceived feeling. Based on
the hypotheses coming from the results of the first experiment, we build predictions then
we carried out another online survey that scrutinized how perceptions about the
relationships between robots shift when one robot touches another at different speeds (Fig.
3). Thus, the second experiment aims to investigate the validity of the predictions based
on the retrieved hypotheses from the first experiment.

Although this paper is an extended version of a previous work by Hirayama et al.
[26] (and includes their results), it contains additional related works in the introduction,
additional experiments with different video stimuli, additional analysis about perceived

relationships through observing robot-robot touch interaction, and more detailed

discussions.

Fig. 1 Representation of a touching behaviour with a palm (speed = 0.5 m/sec. t= 0.9,

1.4, 1.7, and 3.8 seconds in video)

Fig. 2 Representation of a touching behaviour by the back of the hand (speed = 1.0

m/sec. t=1.0, 1.2, 1.4, and 3.0 seconds in video)



Fig. 3 Robot touching another (speed = 1.0 m/sec. t=0.0. 1,0. 1.5, and 3.8 seconds in

video)

2. Experiment |

We experimentally delved into the effects of motion speed on the perception of
different touches through an online survey. Because of the difficulties making predictions
about the speed boundaries between our two touch behaviours in advance, we first

investigated them through comprehensive comparative experiments.

2.1 Visual stimuli and conditions

We investigated the speed effects of two different touch behaviours: by the palm

or the back of the hand.



We used two different touching behaviours to investigate whether the speed
effects are similar. If the perceptions to touch behaviours are similar to different touch
behaviours with similar speeds, that situation suggests the importance of speed
characteristics in designing touch behaviours. On the other hand, if the perceptions to
touch behaviours are different due to their touch type regardless of similar speed, that
situation suggests the less importance of speed characteristics. For this purpose, we
employed touching by the palm as was previously investigated [26], and by the back of
the hand as an additional touching behaviour. Both touching behaviours use the robot’s
right hand; only the contact locations are different (palm or back). Being touched by the
palm or the back of the hand is also common in the world, as well as in Japan, where we
conduct the experiment, especially for comic manzai performances [27]. We note that a
past study showed that people basically use the palm of touch in affective touch situations
[28]. Therefore, we thought that using the back of the hand, not the palm, in touching
situations may provide more negative impressions regardless of its speed. From another
perspective, a past study reported that people’s brain-related activities are different when
they look at the back of the hand and the palm of the hand [29]. Although this study did
not deal with a touching situation, such a phenomenon about visual stimuli between the
back and palm of the hand would indicate that the two types of touch cause different
impressions.

Note that we did not directly compare different touch behaviours; we individually
investigated the speed effects. We prepared one factor (speed, which varied from 0.5 to
1.4 seconds in 0.1-second intervals). Given hardware constraints and the number of
conditions to be examined, we only studied speeds within this narrow range.

Based on this setting, we generated ten distinct videos showcasing a robot called

Pepper (Softbank Robotics), which executed a touch behaviour at varying speeds using



its palm and the back of its hand: a total of 20 videos. We captured ten separate videos
for each speed setting and compiled them into a single video for each touch behaviour
(Figs. 4 and 5). The order of these videos remained consistent (left-top: 0.5 seconds, right-
bottom: 1.4 seconds), and the initiation timing of the robot’s touch behaviour was uniform
across all the videos. Each video was shown at a resolution of 960 x 540 pixels and ran
at 30 fps.

Note that we investigated the effect of speed with just one swinging motion from
a robot, not a situation where a robot touched another robot. We chose this style because
people’s perceptions might change due to the objects being touched as well as touch-
receiver’s reactions, which include sounds and behaviours. Even if the motion speed were
too slow, a loud sound or an exaggerated looking-back behaviour might influence
people’s impressions. To avoid such effects, we used only one robot and show a swinging

motion.

Fig. 4 Visual stimuli of Experiment I (palm): left-top video is 0.5-second motion, and

right-bottom video is 1.4-second motion. Timing is 1.4 seconds in each video.



Fig. 5 Visual stimuli of Experiment I (back of hand): left-top video is 0.5-second

motion, and right-bottom video is 1.4-second motion. Timing is 1.1 seconds in each

video

2.2 Measurements

Our questionnaire included two subjective items: patting and slapping
assessments. It used binary questions and permitted multiple selections (i.e., ten
checkboxes for each question). For instance, if a participant interpreted 0.5- and 0.6-

second touches as slaps, she could check both the 0.5- and 0.6-second boxes.

2.3 Procedure

All the procedures were approved by the Advanced Telecommunication Research
Review Boards. We first provided participants with a comprehensive overview of the
experiment and allowed them to answer practice questions to gain greater familiarity.
Subsequently, they watched the videos and responded to two questionnaires that assessed
whether they categorized the actions as slaps or pats. Participants were given the option
to revisit the videos while answering the questionnaires. The order of the videos was
counterbalanced. In line with prior studies emphasizing the necessity to screen
participants in online surveys [30, 31], we also prepared dummy questions to gauge the

attention paid to the videos and to assess the quality of their responses.



2.4 Participants

We conducted our experiment using the participant pools of a Japanese survey
company. Our experiment was initially comprised of 205 people: 104 women, 99 men,
and 2 who preferred not to specify. Post-screening winnowed that number to 166 valid
participants: 84 women, 80 men, and 2 who preferred not to specify. Their average age

was 40.6, with a standard deviation of 9.94.

2.5 Questionnaire results for Experiment |

The questionnaire results regarding the robot's touching behaviours, especially
with the palm, are shown in Fig. 6. A Cochran's Q-test, conducted to analyse the number
of perceived patting behaviours, indicated significant differences among the speeds (Q(9)
= 286.7050, p < 0.001, Cliff’s delta = 0.44). Multiple comparisons with the Bonferroni
method found significant differences (all p values are < 0.05) among conditions: 1.1, 1.2,
1,3 and 1.4 > [0.5, 0.6, 0.7, 0.8, 0.9], 1.0 > [0.5, 0.6, 0.7, 0.8], 0.9 > [0.5, 0.6, 0.7], 0.8 >
[0.5, 0.6]. The behaviours at 1.1 to 1.4 seconds were significantly more often identified
as pats by participants than at different speeds of 0.9 and below (p < 0.05), although no
significant differences were found between 1.1 and 1.4 seconds (Fig. 6 (top)).

A Cochran's Q-test analysis for the perceived slapping behaviours also revealed
significant differences across speeds (Q(9) = 773.51050, p < 0.001, Cliff’s delta = 0.64).
Multiple comparisons with the Bonferroni method found significant differences (all p
values are < 0.05) among conditions: 0.5 and 0.6 > [0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4],
0.7>]0.8,0.9,1.0,1.1,1.2,1.3,1.4],0.8>[1.0,1.1,1.2,1.3,1.4]. At 0.5 and 0.6 seconds,
significantly more participants identified the behaviours as slaps than at other speeds (p
< 0.05), even though no significant differences occurred between 0.5 and 0.6 seconds

(Fig. 6 (bottom)).



The questionnaire results regarding the robot's touching behaviours, especially
with the back of the hand, are shown in Fig. 7. A Cochran's Q-test, which was conducted
to analyse the number of perceived patting behaviours, indicated significant differences
among the speeds (Q(9) =193.177, p < 0.001, Cliff’s delta = 0.66). Multiple comparisons
with the Bonferroni method found significant differences (all p values are < 0.05) among
conditions: 1.2 > [0.5, 0.6, 0.7,0.8,0.9], 1.1, 1.3, and 1.4 > [0.5, 0.6, 0.7, 0.8, 0.9], 1.0 >
[0.5, 0.6, 0.7], 0.9 > [0.5, 0.6, 0.7], 0.8 > [0.5]. The behaviour at 1.2 seconds was
significantly more often identified as pats by participants than at differing speeds of 0.9
and below (p < 0.05), although no significant differences were found among 1.0 to 1.4
seconds (Fig. 7 (top)).

Another Cochran's Q-test analysis for the perceived slapping behaviours also
revealed significant differences across speeds (Q(9) = 580.821, p < 0.001, Cliff’s delta =
0.78). Multiple comparisons with the Bonferroni method found significant differences
(all p values are < 0.05) between conditions: 0.5 > [0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4],
0.6 >[0.8,0.9, 1.0, 1.1, 1.2, 1.3, 1.4], 0.7 > [0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4], 0.8 > [1.0,
1.1,1.2,1.3, 1.4]. At 0.5 seconds, significantly more participants identified the behaviours
as slaps than the other speeds (p < 0.05), even though no significant differences occurred

between 0.5 and 0.6 seconds (Fig. 7, bottom).
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Fig. 6 Numbers who felt robot behaviours were patting (top) and slapping (bottom)
when robot used palm of its hand. Only combinations that more often identified

significant differences are shown.



140
*: p<0.05
120

100

80

60

Patting

40

20

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
(1m/sec) Time (SeCO ndS) (0.357m/sec)

140 *
| *: p<0.05

120

100

€]
o

Slapping

~
(e)

N
o

05 06 07 08 09 1 1.1 12 13 14
(Lm/sec) Time (seconds) (0.357m/seq)
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significant differences are shown.

The experiment's findings indicate the crucial role of the speed of touching

behaviours in altering the observers' perceptions. Although we only investigated speeds



ranging from 0.5 to 1.4 seconds, the results may indicate the relationships between the
speeds and the identification of slapping/patting behaviours. We note that past studies
suggested the difference of the palm or the back of the hand perceptions[28, 29], but the

speed boundaries between patting and slapping are similar in these touching behaviours.

To investigate such relationships, we conducted a linear regression analysis whose
results are shown in Figs. 8 (touching by the palm) and 9 (touching by the back of the
hand). These results also show how people’s perceptions are changed due to motion
speeds; the trends between the behaviours are similar. Investigating slower/faster speeds
Is one possible future research direction. We think that slower speeds might increase the
unnaturalness and lower the number of people who felt that the behaviours were pats;

faster speeds are complicated by hardware limitations.
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Fig. 8 Linear regression for number of people who felt behaviours were pats (yellow
squares and purple line, y=-95.08x>+287.25x-112.74. R?=0.95, p < 0.05) and slaps

(blue squares and blue line, y = 262.12x2-656.82x+420.79. R*= 0.93, p < 0.05)
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Fig. 9 Linear regression for number of people who felt behaviours were pats (yellow
squares and purple line, y=-96.60x*4+266.61x-95.44. R*= 0.93, p < 0.05) and slaps (blue

squares and blue line, y = 213.26x2-539.25x+349.23. R2=0.94, p < 0.05)

3. Experiment 11

Our first experiment provided evidence of the changes of perceptions due to the
speed of the robot’s motions. Based on these results, we conducted a second experiment
that investigated how the perceived relationships between robots changed due to their

touch interactions. Note that in this second experiment, we only employed the touch



behaviours by the palm (i.e., excluding the touch behaviour by the back of the hand)

because the first experiment showed similar trends between different touch behaviours.

3.1 Hypotheses and predictions

We hypothesized that the speed variations of the touches might lead observers to
differently interpret the relationship between the two robots. For instance, observers
might negatively identify a relationship between robots from a slap or a positively from
a pat. Thus, we believe the speed of the touch significantly shapes the perceived
relationships between robots. In fact, past studies reported that patting behaviours, which
are used in touch interactions between such close relationships as families, are observed
in stress-care situations [32, 33]. Therefore, we believe that people will perceive positive
relationships between robots when patting behaviour is used.

Moreover, we focused on the observers’ feelings both the touching robot and the
robot being touched. About the former, we believe that people will think that when the
touching robot uses a patting behaviour it is expressing a positive feeling toward the robot
being touched. On the other hand, a slapping behaviour is much more aggressive than a
patting due to its speed despite having identical trajectories. We hypothesized that people
will believe that the touching robot is expressing negative feelings toward the robot being
touched.

About the latter, we also evaluated the observers’ feelings about the robot being
touched to investigate how their perceptions changed due to the behaviours of the touched
robot, even though the robot’s reaction behaviors were the same. We expected that
observers would anthropomorphize the robot that was being touched and apply a theory
of mind [34, 35] to it, allowing them to feel that they had different impressions depending
on how it was being touched. We think that investigating this effect would be useful for

expressing different relationships through touch interactions between robots. For example,



even between humans, there is a tendency to use a little rough behavior when only either
one has a positive impression toward others. Whether such a tendency applies to the
relationship between robots can be verified by clarifying not only the relationship
between the two robots, but also how each robot feels about the other.

Following these hypotheses, we made the following predictions. Note that our
first experiment’s results demonstrated that identical touch motions are perceived
differently depending on the speed at which they are executed. Since touches at 0.5/0.6
seconds are seen as slaps and those at 1.2/1.3 seconds are seen as pats, we used these

values in our predictions.

Prediction 1: When a robot touches another robot at speeds from 1.1 to 1.4, i.e.,
patting, the participants will perceive that the patting robot is expressing positive feelings
toward the robot being touched.

Prediction 2: When a robot touches another robot at speeds of 0.5/0.6, i.e.,
slapping, the participants will perceive that the slapping robot is expressing negative
feelings toward the robot being touched.

Prediction 3: When a robot touches another robot at speeds from 1.1 to 1.4, i.e.,
patting, the participants will perceive that the robot being touched has positive feelings
toward the patting robot.

Prediction 4: When a robot touches another robot at speeds of 0.5/0.6, i.e.,
slapping, the participants will perceive that the robot being touched has negative feelings
toward the slapping robot.

Prediction 5: When a robot touches another robot at speeds from 1.1to 1.4, i.e.,

patting, the participants will perceive that they have a positive relationship.



Prediction 6: When a robot touches another robot at speeds of 0.5/0.6, i.e.,

slapping, the participant will perceive that they have a negative relationship.

(b) t = 3.5 seconds

Fig. 10 Visual stimuli of Experiment 1l: left-top video is 0.5-second motion, and right-

bottom video is 1.4-second motion (left side: robot B, right side: robot A)

3.2 Visual stimuli and conditions

In line with Experiment I, we produced ten videos where robot A touched robot
B (Fig. 10) and varied its touch’s speed by its palm. We used these videos for another
web-based questionnaire and incorporated two Pepper robots.

The experiment considered one factor: speed, which we varied from 0.5 to 1.4
seconds in 0.1-second increments. We recorded separate videos of different speed
movements and combined them into a single video (Fig. 10). In every video, robot B (on

the left) just gazes at robot A (on the right) following a touch from the latter. Robot B did



not change its facial expressions, its LED colours, or make any sounds. Similar to
Experiment 1, the initiation of robot A's touching behaviours remained consistent across

all the videos. However, robot B’s gaze behaviour varied due to different touch timings.

3.3 Measurement

Our questionnaire included six subjective items: assessments whether the
touching robot has a positive/negative feeling toward the robot being touched, whether
the robot being touched has a positive/negative feeling toward the touching robot, and

whether the robots have positive/negative relationships.

3.4 Procedure

All the procedures were approved by the Advanced Telecommunication Research
Review Boards. Experiment IlI's procedure was identical to Experiment I. First, we
provided participants with a comprehensive overview of the experiment and allowed
them to answer practice questions to gain greater familiarity. Subsequently, they watched
the videos and responded to two questionnaires that assessed whether they categorized
the actions as slaps or pats. Participants were given the option to revisit the videos while
answering the questionnaires. We also prepared dummy questions to gauge their attention

to the videos and assess the quality of their responses.

3.5 Participants

We conducted Experiment Il with a different participant pool of 209 individuals
again recruited by a Japanese survey company: 116 women, 91 men, and 2 who preferred
not to specify. Post-screening, we had 147 valid participants: 66 women, 81 men. The

average age of the participants was 39.8, with a standard deviation of 10.6.



3.6 Questionnaire results for Experiment 11

The questionnaire results regarding the feelings of the touching robot toward the
robot being touched are shown in Fig. 11. A Cochran's Q-test analysed the number of
participants who thought the touching robot expressed a positive feeling (Q(9) = 249.183,
p <0.001, Cliff’s delta = 0.91). Multiple comparisons with the Bonferroni method found
significant differences (all p values are < 0.05) between conditions: 1.4 > [0.5, 0.6, 0.7,
0.8,09,10,1.1,1.2,1.3],1.2and 1.3>0.5,0.6,0.7,0.8, 0.9, 1.0, 1.1]. Thus, the results
showed that the number of people who felt touching robot has positive feelings at 1.4
seconds is significantly higher than the number of participants at 1.3 seconds and at lower
speeds (p <0.05). The findings of these trends resemble those observed in Experiment I,
although with slight differences concerning peak values. Therefore, prediction 1 is

partially supported.

We conducted an additional Cochran's Q-test to analyse the number of
participants who thought the touching robot expressed a negative feeling (Q(9) =
370.334, p < 0.001, Cliff’s delta = 0.92). Multiple comparisons with the Bonferroni
method found significant differences (all p values are < 0.05) between conditions: 0.5
and 0.6 > [0.7,0.8,0.9,1.0, 1.1, 1.2, 1.3, 1.4], 0.7 > [0.9, 1.0, 1.1, 1.2, 1.3, 1.4]. Thus,
the results showed that the numbers of people who felt touching robot has negative
feelings at 0.5 and 0.6 seconds were significantly higher than the other speeds (p <
0.05), even though the differences between 0.5 and 0.6 seconds did not show significant
differences. Since these findings also showed the same trends observed in Experiment I,

prediction 2 is supported.
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Fig. 11 Number of people who felt touching robot has positive feelings (top) and

negative feelings (bottom). Only combinations related to predictions 1 and 2 are shown.

The questionnaire results regarding the perceived feelings of the robot being

touched toward the touching robot are shown in Fig. 12. A Cochran's Q-test analysed the



number of participants who thought the robot being touched had a positive feeling (Q(9)
= 179.317, p < 0.001, Cliff’s delta = 1.00). Multiple comparisons with the Bonferroni
method found significant differences (all p values are < 0.05) between conditions: 1.4 >
[0.5,0.6,0.7,0.8,0.9,1.0,1.1,1.2], 1.3 > [0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1], 1.2 > [0.5, 0.6,
0.7, 0.8, 0.9], 1.1 > [0.5, 0.7]. Thus, the results showed that more participants observed
positive relationships at 1.4 seconds than at 1.2 seconds and at lower speeds (p < 0.05).
The number of participants perceiving positive relationships at 1.3 seconds is
significantly higher than at 1.1 seconds and at lower speeds (p < 0.05). The number of
participants perceiving positive relationships at 1.2 seconds is significantly higher than at
0.9 seconds and at lower speeds (p < 0.05). These findings showed similar trends to those
observed in Experiment I, although with slight differences concerning peak values.

Therefore, prediction 3 is partially supported.

An additional Cochran's Q-test analysed the number of participants who thought
the robot being touched produced a negative feeling (Q(9) = 180.695, p < 0.001, Cliff’s
delta = 1.00). Multiple comparisons with the Bonferroni method found significant
differences (all p values are < 0.05) between conditions: 0.5 and 0.6 > [0.7, 0.8, 0.9, 1.0,
1.1,1.2,1.3,14],0.7 > [0.9, 1.2, 1.4]. Thus, the results concerning negative feelings at
speeds of 0.5 and 0.6 seconds are significantly higher than other speeds (p < 0.05), even
though the differences between 0.5 and 0.6 seconds did not show significant differences.
These findings also showed the same trends observed in Experiment I. Therefore,

prediction 4 is supported.
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Fig. 12 Number of people who felt robot being touched has positive feelings (top) and

negative feelings (bottom). Only combinations related to predictions 3 and 4 are shown.

The questionnaire results regarding the relationships between robots are shown in



Fig. 13. A Cochran's Q-test analysed the number of positive relationships and found
significant differences among varying speeds (Q(9) = 171.478, p < 0.001, Cliff’s delta =
0.98). Multiple comparisons with the Bonferroni method found significant differences
(all p values are < 0.05) between conditions: 1.4 > [0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2,
1.3],1.3>[05,0.6,0.7,0.8,0.9, 1.0, 1.1], 1.2 > [0.5, 0.6, 0.7, 0.8]. Thus, the number of
participants who perceived positive relationships at 1.4 seconds is significantly higher
than the number at 1.3 seconds and at lower speeds (p < 0.05). The number of participants
who perceived positive relationships at 1.3 seconds is significantly higher than similar
perceptions at 1.1 seconds and at lower speeds (p < 0.05), even though the differences
between 1.3 and 1.2 seconds did not show any significant differences. The number of
participants perceiving positive relationships at 1.2 seconds is significantly higher than at
0.8 seconds and at lower speeds (p < 0.05). These findings showed similar trends to those
observed in Experiment I, although with slight differences concerning peak values.

Therefore, prediction 5 is partially supported.

An additional Cochran's Q-test analysed the number of negative relationships and
indicated significant differences among varying speeds (Q(9) = 247.547, p < 0.001,
Cliff’s delta = 1.00). Multiple comparisons with the Bonferroni method found significant
differences (all p values are < 0.05) between conditions: 0.5 and 0.6 > [0.7, 0.8, 0.9, 1.0,
1.1, 1.2, 1.3, 1.4], Thus, the number of participants perceiving negative relationships at
0.5 and 0.6 seconds is significantly higher than at other speeds (p < 0.05), even though
the differences between 0.5 and 0.6 seconds did not show any significant differences.
These findings also showed identical trends to those observed in Experiment I. Therefore,

prediction 6 is supported.
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Fig. 13 Number of people who felt relationships were positive (top) and negative

(bottom). Only combinations related to predictions 5 and 6 are shown.



As in Experiment I, Experiment II’s findings identify the crucial role of the speed
of a touching behaviour in altering observers' perceptions to the perceived relationships
between robots. Despite speeds ranging from 0.5 to 1.4 seconds, the results also suggest
a correlation between slower/faster speeds and positive/negative feelings and
relationships between robots. Moreover, indicating that the impression of the relationship
between the two robots is almost identical to that of the perceived relationship in the

individual robots. In other words, the observed relationships were shown to be consistent.

We again conducted a linear regression analysis whose results are shown in Figs.
14 (perceived feelings from the touching robot to the robot being touched), 15 (perceived
feelings from the robot being touched to the touching robot), and 16 (perceived
relationships between them). These results also showed how people’s perceptions

changed due to the motion speeds, and the trends between the behaviours are similar.
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Fig. 14 Linear regression for number of people who perceived touching robot has positive
feeling (yellow circles and purple line, y = 107.20x?-132.70x+72.38. R2 = 0.97, p < 0.05)
and negative feeling (blue squares and blue line, y=173.11x%-407.20x+254.13. R2 = 0.89,

p <0.05)
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Fig. 15 Linear regression results for number of people who perceived robot being
touched has positive feelings (yellow circles and purple line, y = 92.80x?-
117.478x+63.0924. R2 = 0.96, p < 0.05) and negative feelings (blue squares and blue

line, y=119.32x2-278.83x+188.76. R2 = 0.93, p < 0.05)
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Fig. 16 Linear regression for number of people who perceived positive relationships
(yellow circles and purple line, y = 83.3x?-98.76x+60.84. R2 = 0.95, p < 0.05) and
negative relationships (blue squares and blue line, y=155.68x%-356.04x-223.29. R2 =

0.86, p < 0.05)

4. General Discussion

4.1 Implication

Our two experiments yield several crucial implications for the design of robot-
robot touch interactions. Experiment I’s findings emphasize how the role of speed
boundaries influences the perceptions of such touch behaviours as slapping or patting.

This information carries substantial value when designing touch behaviours for social



robots that are expected to elicit distinct impressions. Further, the results of Experiment
Il provide evidence that varying the touch behaviours can modify the perceived
relationships between robots as well as the perceived feelings in each robot. However,
due to safety considerations, the effects of these touch behaviours in the context of
human-robot interactions remain unexplored. Therefore, investigating the relationships
between touch motion speeds and perceptions in human-robot interaction presents a
compelling avenue for future research.

Moreover, the results of Experiment | suggest that people might be influenced by
the motion's speed rather than the types of motions. Although past studies less focused
on the perceived impressions in touching behaviours, a past study that focused on pre-
touch interaction reported that people quickly react fast approaching hands [36]. They
might feel that fast-approaching behaviours are more dangerous, i.e., slow-approaching
behaviours are safer and have positive feelings. This phenomenon is also observed in
Experiment 11. Note that Experiment Il focused on robot-robot touch interaction, but
people’s perceptions toward the motion speeds showed similar results. These consistent
phenomena would be useful to design not only human-robot touch interaction but also
robot-robot touch interaction.

The effects of observing diverse touches in human-robot interactions also warrant
investigation. Prior research described how a robot's touch can influence an observer’s
trust [20]. Therefore, it stands to reason that robot-motion speeds might yield differential
trust perceptions among observers. Furthermore, the location of a touch obviously creates
different impressions in observers. Several studies have delved into the relationships
between “touchable” body parts in human-human touch interaction [37, 38] and
emotional touches and touch locations within the context of human-robot interaction [39-

41]. Pertaining to this topic, the receiving robot's reactions to the touching robot will also



undoubtedly impact the observer impressions. This assumption is based on existing
evidence that robots' reaction behaviours to human touch can influence perceived
naturalness and likability [36, 42] as well as pre-touch reaction behaviours [42, 43].

One possible application for our knowledge is recognizing human-human
relationships by observing their physical interactions. Although we only used robots to
investigate the speed effects in physical interaction, this approach could also be used to
probe human-human relationships. Several studies developed behaviour analysis systems
related to identifying such physical actions as fighting, punching, and kicking [44, 45],
although these studies focused less on understanding their relationships. The researchers
assumed that such abnormal behaviours only appeared in negative relationships.
Understanding the effects of motion speed might also be useful for recognizing joking
behaviours between friends.

In this study, we used a touching motion with about 35 cm/s ~ 100 cm/s to
investigate the perceived impressions, which are different speeds compared to past related
studies like [23, 46], which reported the importance of slow speeds (~5cm/s) for
comfortable touching. Because employing such slow speeds was unnatural for a swinging
touch motion in our study, it might have provided different impressions toward the
participants. Moreover, past touching behaviours are basically continuous motions such
as stroking or rubbing, which is different from our study. Therefore, investigating the
different speed sets based on touch types would be needed to investigate appropriate

touching behaviour design to change perceived impressions from observers.

4.2 Application of showing negative relationships between robots

Both experiments showed that motion speeds in robot-robot touch interaction
impact observers’ perceived relationships: positive and negative. Showing positive

relationships benefits observers and their tasks, because familiar relationships between



robots is important for gaining acceptance from observers.

On the other hand, what are the merits of manifesting negative relationships? One
possible application is robot theater [47, 48], where robot are performers. As shown in
the references, several robot artists have already employed robots in this context, where
robots express various emotions by interaction with others on stage. In such contexts,
showing negative relationships by touching others is beneficial. Therefore, knowledge
from our study will contribute to establishing design guidelines for robot behaviours to
show negative relationships by physical interaction. In another context, robotics
researchers reported that a robot’s aggressive interaction toward a perpetrator is
acceptable when a robot is guarding somebody [49]. In such a situation, the robot’s

motion speed is designed to pose a threatening attitude for protection behaviours.

4.3 Limitations

Nevertheless, this study suffers from several limitations. We exclusively utilized
both specific robots and touch behaviours. Future research must broaden this scope to
encompass different types of robots and touch behaviours, including more human-like
androids [50-52], pet-like robots [53, 54], and a variety of touch behaviours. Another
limitation lurks in the reaction behaviour of the robot that was touched in Experiment I1.
Its response was limited to turning and looking at the other robot without any verbal
interaction. As previously noted, varying the reaction behaviours or touching different
objects might alter observer impressions. Additionally, a robot’s speech content might
significantly impact the perceived relationships between robots. Moreover, we omitted
sound information during touching from this study to avoid such sound effects, but the
loudness of motors and the sounds created from physical contacts will differently affect

the perceptions of observers. Nor did we investigate the speed effects in human-human



touch interaction; we only focused on robot-robot interaction. Comparison between
human-human and human-robot interactions will provide rich knowledge about
behaviour design perspectives. Finally, since our experiments were conducted solely with
Japanese participants, broader considerations of generality and cultural differences are
paramount. Although such limitations exist, we believe the contributions of this paper
will help researchers who are addressing this research topic. Such researchers can exploit
our study’s results as a baseline for designing new experiments to expand knowledge

about touch characteristics in robot-robot interaction.

5 Conclusion

This study investigated the impact of touch motion speeds on the perceptions of
relationships between robots, particularly in scenarios where one robot touches another.
We conducted two web surveys to facilitate this investigation. Experiment | focused on
the relationship between touch motion speeds and the perception of touch behaviours with
the palm and the back of the hand, specifically distinguishing between slapping and
patting. The results of Experiment | revealed that a touching motion lasting 0.5 seconds
is perceived as a slap; a motion lasting 1.2 seconds is seen as a pat, regardless the side of

the hand.

Building on these findings, Experiment Il investigated whether these diverse
touch motions altered the perceived relationships between robots and the perceived
feelings in each one. Participants perceived negative relationships when a robot touched
another at 0.5/0.6 seconds, a result that is aligned with the perception of slapping
behaviours. Conversely, they identified positive relationships when a robot touched
another at 1.4-second intervals. Although slightly different from the patting behaviours’

trends in Experiment I, these findings showed consistent results that slow touch motions



effectively express positive relationships between robots.

We posit that these insights will prove beneficial in designing touch motion speeds
for robots and defining their relationships when they interact physically. These findings

may guide behaviour design for human-robot touch interactions.
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