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Abstract: This paper reports subtle reactions and response time effects in human-robot touch interaction with an android named ERICA whose has a human-like appearance. People usually prefer a quick response from interaction
targets, regardless whether the targets are computer systems or robots. One famous guideline to design response timing is called the “two second rule,” which
argues that a system should not take more than two seconds to respond to input.
To investigate whether such a response time design is applicable to humanrobot touch interactions, we investigated several response times when a robot is
touched by people. We also implemented subtle reactions for a robot to being
touched and investigated whether they increased the robot’s human-likeness.
Our experimental results with 12 participants showed that the robot’s perceived
human-likeness increased because it showed a subtle reaction to being touched.
The results also showed that people would prefer quick responses to their touch
interactions. In this study, zero seconds showed significantly higher preference
than two seconds, but one second did not show significant differences with two
seconds.
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Introduction

In human-robot and human-computer interactions, people prefer a quick response
from interaction targets. Several studies reported that the preferred length of system
response times is less than a second [1, 2]. Another study described guidelines for the
acceptable length of system response times, and the two second rule is one wellknown guideline for designing system response times [3]. It can also be applied to
human-robot interactions [4].
However, these studies mainly focused on verbal interaction or such machine interfaces as a mouse and keyboard; in other words, they downplayed response times in
touch interactions. Even though using such machine interfaces is a kind of touch interaction, directly touching a robot is quite different. A past study addressed appropriate response times in touch interaction with a robot, but it focused on the relationship
between mistrust feelings and non-reaction time lengths [5]. This is different from the
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preferred response time to a touch. To design appropriate response time for touch
interaction, we are interested in whether the two second rule is applicable in humanrobot touch interactions, but it is not well investigated yet as described above.
We are also interested in a robot’s subtle reactions to being touched by a person,
since in human-human interaction, we often subtly react to being a touched before
response to the touched person. Since such human reactions would be unconscious,
we can obviously eliminate them from robot beings. However, since such reactions
might increase a robot’s human-likeness in touch interactions, they are also important
in the design of human-robot touch interactions. In fact, several studies reported that
the subtle facial/gaze expressions of robots contributed to more natural behaviors or
created positive impressions [6] [7] [8] [9], even if these works did not focus on human-robot touch interactions.
In this study, we investigated the subtle reactions and response time effects in human-robot touch interaction with an android named ERICA whose has a human-like
appearance. Our robot can react to being touched on its shoulder by a person using a
touch sensor. In this study, we address the following research questions:
- Is the two second rule applicable in human-robot touch interactions?
- Do subtle reactions to a touch increase human-likeness?

(a)

(b)

(c)

(d)

Fig. 1 ERICA reacts subtly to being touched by a participant and turns toward her
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System overview

Figure 2 overviews our system and the experimental environment in which we installed the system, which consists of the following five components: a human tracker,
a touch sensor, a motion controller, an android (ERICA), and a social robot (Sota). In
a 5.1 x 2.2 m experimental room, ERICA sat on a chair, and Sota was placed on a
desk (Fig. 1). ERICA turns its back to the entrance by facing to Sota, to express that
ERICA does not notice people who entered the room. The details of each component
are described as follows.
2.1

Human tracker

As a human tracker, we used a Kinect V2, which sends the position information of the
participants when they enter the room to the motion controller to initiate conversation
behaviors between Sota and ERICA.
2.2

Touch sensor

We used a touch sensor, ShokacCube by Touchence (Fig. 3), which can measure the
height changes on the top surface of a soft material with 16 measurement points. This
sensor is 36 x 20 x 30 mm and sends information with 100 Hz at maximum. We installed it on ERICA’s left shoulder that is tapped by participants in our experiment.
When the sensor detects a certain amount of pressure, ERICA reacts to the participants who touched it.
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Fig. 2 System overview (left) and experimental environment (right)

Fig. 3 Touch sensor

Fig. 4 Sota
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2.3

Behavior controller

The behavior controller has two functions: starting conversations between ERICA and
Sota and controlling the former’s reaction behavior to being touched. The first function controls the start timing of the conversational behaviors of Sota and ERICA;
when the behavior controller receives a signal from the human tracker about a participant who has entered the room, the behavior controller sends signals to Sota and
ERICA to start their conversations. Their speech contents and motions are predefined. In this study, only Sota talks and ERICA just listens.
The other function, which manages ERICA’s reaction behavior, controls both the
subtle reactions and the times of ERICA’s reaction behaviors, which are determined
by the experimental conditions.
2.4

ERICA

Figure 1 shows ERICA, an intelligent conversational android characterized by its
human-like appearance [10]. ERICA has 44 DOFs for its torso and face as well as
both a network connection function and a voice synthesis function. Its mouth is automatically controlled by its voice features. As described above, we installed a touch
sensor in its left shoulder. ERICA’s motions and timings are controlled by the motion
controller.
2.5

Sota

Figure 4 shows Sota, an interactive social robot characterized by its humanlike physical mannerisms. It has eight DOFs: three in its head, two for its shoulders, two for its
elbows, and one in its base. It is 28 cm tall with a network connection function and a
voice synthesis function. The LED on its mouth blinks based on the sound level to
indicate speaking. Sota’s motions and timings are also controlled by the motion controller.
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Experiment

3.1

Hypothesis and predictions

Past studies reported that the two second rule is applicable not only to humancomputer interactions [1, 2] but also to human-robot interactions [4]. Even though
these studies focused less on touch interactions with a robot, we still believe this
knowledge is applicable even if the interaction modalities are different.
Moreover, a subtle reaction to being touched might increase a robot’s humanlikeness because people also often showed such reaction to being touched, even if
they are functionally unnecessary for robots. Based on these considerations, we made
the following predictions:
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Prediction 1: People’s preference ratings will not decrease monotonically with system response time until one second. The rating will level off when the system response time is two seconds.
Prediction 2: People’s human-likeness ratings will increase more when the robot uses
subtle reactions to being touched than when the robot did not.
3.2

Participants

Twelve Japanese people (6 women and 6 men, whose average ages were 36.00, S.D
11.12) were paid for their participation.
3.3

Conditions

The study had a within-participant design with the following two factors: response
times and subtle reactions. The order of the conditions was counterbalanced. Each
participant joined six sessions.
Response time factor: For this factor, we prepared three conditions: zero, one, and
two seconds. This time period indicates the duration between being touched by a participant and responsive speech to that touch. Zero seconds indicate that ERICA immediately turned to the participant when the touch sensor detected a certain pressure.
Subtle reaction factor: For this factor, we prepared two conditions: with a subtle
reaction and without a subtle reaction. In the with a subtle reaction condition, ERICA
slightly looks up within 0.5 seconds when the participant touches its left shoulder and
then it turns to the participant. In the without a subtle reaction condition, ERICA does
not show any subtle behaviors; it just turns to the participants. Before doing so,
ERICA waits for a certain time based on the response time factor.
Note that in the with a subtle reaction condition and a response time of zero seconds,
ERICA immediately turns to the participant and talks after finishing the subtle behavior. If the response time is a second, ERICA waits 0.5 seconds after the subtle behavior, turns to the participant, and talks for the same duration using the without subtle
reaction condition. Thus, in both conditions, the duration is identical between being
touched by a participant and the responsive speech to the touch, except for the zero
second condition.
3.4

Procedure

Before the first session, the participants were given a brief description of our experiment’s purpose and procedure. In this explanation, we showed our robots and explained their interaction with them and literally demonstrated how to touch ERICA’s
shoulder. The participants joined six sessions based on combinations of response time
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factors (three conditions) and subtle reaction factors (two conditions). After each
session, they filled out questionnaires.
This research was approved by our institution’s ethics committee for studies involving human participants. Written, informed consent was obtained from all of them.
3.5

Measurement

We investigated whether the response times and the subtle reactions changed the impressions of ERICA’s human-likeness and the preference of the reaction timing. We
prepared two questionnaire items: ERICA’S human-likeness and the reaction timing
preference. The items were evaluated on a 1-to-7 point scale, where 7 is the most
positive.
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Results

Figure 5 show the questionnaire results about preferences. We conducted a two-way
repeated measures ANOVA for the response time and subtle reaction factors, and the
results showed significant differences in the response time factor (F(2,22)=7.435,
p=.003, η2 = 0.403). But we found no significant differences in the subtle reaction
factor (F(1, 11)=0.022, p=.886, η2 = 0.002) or in interaction effect (F(2,22)=1.485,
p=.248, η2 = 0.119). Multiple comparisons about the response time factor with the
Bonferroni method showed significant differences between zero and two seconds
(p=.030). We found a significant trend between zero and one seconds (p=0.087) and
no significant difference between one and two seconds (p=0.246). Thus, prediction 1
was partially supported; the rating did level off compared to just zero and two seconds.
Figure 6 shows the questionnaire results about human-likeness. We conducted a
two-way repeated measures ANOVA for the response time and subtle reaction factors, and the results showed significant differences in the subtle reaction factor (F(1,
11)=7.541, p=.019, η2 = 0.407). But we found no significant differences in the response time factor (F(2, 22)=1.989, p=.161, η2 = 0.153) or in the interaction effect
(F(2, 22)=1.321, p=.287, η2 = 0.107). Thus, prediction 2 was supported. The humanlikeness rating increased more when the robot used a subtle reaction to being touched
than when it did not.
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Discussion

5.1

Design implications

Our experimental results revealed that the user preference ratings showed a similar
phenomenon with a machine interface without interacting with a robot, where the
people’s preference rating decreased monotonically with the system response times,
although the comparison showed a significant trend between zero and one seconds.
From these results, we believe that the two second rules is applicable for human-robot
touch interactions even though it showed a different phenomenon from a past study
about human-robot interaction; responding as fast as possible to a touch is preferred.
Our experimental results also showed that subtle reactions by the robot to being
touched increased its human-likeness. In this study, showing the subtle reaction did
not decrease the preference rating even if it needed 0.5 seconds; using subtle reactions
will probably achieve more natural behaviors for social robots.
However, we must carefully design such subtle reactions based on the touch interaction contexts. For example, if a person directly approaches a robot from the front
before touching it, the person would probably assume that the robot has already noticed him/her. In such a context, subtle reactions to a touch might provide strange
impressions. In other words, the behavior design of subtle reactions that depend on
the touch context is important.
5.2

Subtle reactions in active touch interactions

In this study, we only focused on subtle reactions in situations where a robot is
touched by a person, i.e., passive touch situations. However, in human-robot touch
interactions, robots often actively touch people, i.e., active touch situations [11] [12]
[13] [14]. In such situations, what kinds of subtle reactions might contribute to human-likeness or more natural interactions?
One possible subtle reaction is a combination of other modalities, such as gaze behavior. Already few studies have focused on eye-contact behaviors and gaze cues in
active touch or handing situations [9] [15], and reported both positive/negative effects
of eye-contact before touching/handing behaviors. Still it is unclear what kinds of
subtle gaze expressions would be better for touching behaviors yet. Therefore, investigations of subtle gaze expressions in active touch situation would be one interesting
future work.
Another possible expression is verbal cues. Similar to our study, if a person did not
notice the robot’s existence, an unobserved touch was negative. Before touching, if
the robot uses verbal ques to be noticed by the person, its active touch would not be
negatively perceived. For example, a past research work investigated the effects of
verbal ques before being touched by a robot [12]; even if it is not subtle, verbal information changes the impressions of touch interactions.
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5.3

Limitations

Since our experiment was conducted with our developed robots and specific situations, where participants interrupt the talking of robots by touching, we cannot ensure
that our findings can be applied to all human-robot touch interaction situations. To
generalize the effects of subtle reactions, we must investigate them with different
situations, such as where a robot has already noticed the participants before interrupting. Moreover, this study only used an android with a female appearance/voice. Since
gender differences are one essential factor to change the impressions of touch interactions [16] [17], using a different android with a male appearance/voice is critical for
investigating the effects of subtle reactions on being touched. However, we believe
that our setting offers essential knowledge for researchers who are interested in human-robot touch interactions.
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Conclusion

We focused on the effects of subtle reactions and reaction times in a robot’s reaction
behaviors to being touched by a person. We placed a touch sensor in an android’s left
shoulder to detect being touched in a situation where the android and a desktop-sized
robot are chatting. We experimentally compared the impressions of participants to the
android with/without subtle reactions and different response times to being touched
by participants. They felt more human-likeness when the android showed subtle reactions and preferred quick response times.
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