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Figure 1. Robot apologizes for its mistake (dropping an ice cream cone) and also apologizes with another robot

Abstract—Apology behavior design is becoming important
for social robots that work in daily environments because of
their widespread use. Robotics researchers have reported that
multiple robots can effectively achieve more acceptance and
trust in apology situations. Unfortunately, such effects have only
been confirmed in a single country: Japan. Some studies
investigated cultural differences in apologies between Japan and
other cultures and reported how the former influences the
perceived function and meaning of apologies. Therefore, we
conducted a web-based survey to investigate whether using
multiple robots in apology situations is effective in another
country. We compared such perceived feelings as forgiveness
and trust toward a robot’s apologies between Japan and the U.S.
by using the visual stimuli of one and two robots. The
experiment results showed that U.S. people felt that multiple
robot apologies are more acceptable than apologies from just
one robot, similar to results with Japanese participants.
Perceived trust did show a different phenomenon between the
two countries.

. INTRODUCTION

The range of operations for social robots is expanding
globally, and they are increasingly becoming involved in daily
human activities. During the COVID-19 pandemic, for
instance, such robots played a crucial role in reducing
infection risks [1, 2]. Thanks to improvements in their
interactive abilities and the integration of remote operation,
social robots are now active in the following shared settings:
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cafeterias [3, 4], retail centers [3-6], mass transit systems [7-9],
exhibit spaces [10-12], and senior care facilities [13-15].

For such social robots, building trust with those with
whom they interact is pivotal. The robots need to exhibit
behaviors that are perceived as trustworthy and reliable by the
people with whom they are bonding. In fact, researchers have
broadly investigated how social robots and agents build trust
with others [16-21]. Incorporating ethical considerations,
including gender issues, into robot design and
decision-making processes has been emphasized as an avenue
to enhance trustworthiness [22-25]. These efforts are crucial
for ensuring that as social robots become more prevalent in
various settings, they are both technically capable and socially
competent and trusted by the people interacting with them.

A robot’s ability to apologize for mistakes is one issue that
needs further study before social robots are completely trusted
in their engagements with people. Like humans, these robots
are not infallible and will occasionally make mistakes.
Researchers in robotics have been addressing this challenge
by incorporating strategies used by humans, such as
apologizing to smooth social interactions [26]. Previous
research has underscored the role of apologies in forging
relationships [27] and examined the implications of designing
apology behaviors from a cost perspective [28, 29]. A
computational understanding of apologies has also been
developed through scenarios like the Prisoner’s Dilemma [30,
31].

A recent study focused on using multiple robots in apology
situations [32]. It compared the perceived feelings toward
apologies from multiple robots and a single robot in Japan and
described the effectiveness of apologies from two robots in the
context of forgiveness and perceived trust. The effectiveness
of multiple robots has been investigated in various settings
[33]: information-providing [34-36], motivation
improvements [37-39], persuasive technology [40-42],
product recommendations [3, 4, 43], showing cute behaviors
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[44], designing robot-robot physical interaction [45, 46].
These results also suggest the effectiveness of using multiple
robots in apology settings.

However, according to that above work [32], i.e., the
effects of multiple robots on the act of apologizing remains
limited from a viewpoint of cultural difference. That past
study was only conducted in Japan. Other studies investigated
cultural differences in apologies between Japan and other
cultures [47-50] and reported how they influenced the
perceived function and meaning of apologies. Therefore, it
remains unknown whether this knowledge is applicable
outside of Japan. Investigating the effects of multiple robots’
apologies in another country is crucial to provide insightful
knowledge for designing the apology behaviors of robots.

Based on these considerations, in this study, we
investigated a research question that is related to cultural
differences and conducted a web-based survey. We compared
such perceived feelings as forgiveness and trust of a robot’s
apologies between Japan and the U.S. by using the visual
stimuli of one and two robots.

Il. EXPERIMENT

A. Hypothesis and prediction

Although the effects of apologies from multiple robots
have only been investigated in Japan [32], several studies
outside of it have reported the effectiveness of using multiple
robots in various contexts (except for apologizing situations),
such as effective information-providing tasks [51],
storytelling for children [52, 53], exhibitions in public
environments [54, 55], collaborative navigation [56], and peer
pressure [42, 57]. Of course, related studies in Japan also
reported the effectiveness of different contexts, including
attracting people in advertising contexts [3, 4, 43], motivation
and performance improvements [38, 58], peer pressure [41].
These studies suggested the positive effects of using multiple
robots in interaction with people in several contexts regardless
of cultural differences. Based on these related studies, we
hypothesized that apologies from multiple robots will be more
acceptable than apologies from a single robot even outside of
Japan:

Prediction: If multiple robots apologize for a failure,
Americans will accept the apologies more than one robot's
apology, similar to Japanese people.

B. Visual stimuli and conditions

We used the same visual stimuli of our previous work [32]
with a modified robot’s voice that spoke English. Thus, in our
situation, a food-service robot (Pepper) dropped a customer’s
order and apologized. Each video's resolution was 1286 x 762
pixels; the fps was 30, and the lengths were about 27 seconds.
Similar to our original study, we prepared one factor (number
factor, one/two conditions).

Each video featured a pair of robots (one primarily
responsible for serving food and a secondary robot that
assisted with other restaurant tasks). Initially, the secondary
robot moved from the left side to the right, indicating the
presence of two robots in the visual stimuli. Subsequently, the
primary robot brings an ice cream cone from the left side,
announcing, "Here you are." Unfortunately, it drops the cone:
"I’'m so sorry." In response, the primary robot apologizes and

offers a free replacement and comps the entire initial order:
“I’ll replace your cone right away.”

In the one-apology condition, only the primary robot
apologizes, and the secondary robot makes a brief appearance
at the beginning. Conversely, in the two-apology condition,
the secondary robot enters from the right and issues an
apology during the primary robot’s expression of regret.
Hence, the variation between these scenarios hinges on the
secondary robot’s issuance of an apology subsequent to the
primary robot's mistake. Note that the secondary robot did not
speak; it only bowed during the apologies to unify the speech
contents across conditions.

C. Measurements

In this study, we measured questionnaire items to
investigate whether participants forgave the robot’s failures
and how their perceived trust changed toward it. We employed
and modified the following: the forgiveness scale [59],
negative word-of-mouth (NWOM), performance trust from
the multi-dimensional measure of trust (consisting of reliable
and competent subscales) [60], moral trust from the
multi-dimensional measure of trust (consisting of ethical,
transparent, and benevolent subscales) [60], and intention to
use (ITU) [61]. Each questionnaire item of each scale was
assessed using a one-to-seven response format, where 1 was
the most negative and 7 was the most positive.

In response to the necessity of filtering participants in
online surveys [62, 63], we devised two control questions to
verify whether participants attentively observed the videos
and comprehended the guidelines presented about the
questionnaires' conclusion. The inaugural question asked
participants to identify the item dropped by the robot from a
quartet of options. Those who responded incorrectly were
disqualified. The ensuing question draws upon a model for
checking the comprehension of instructions [63], which
instructs participants to omit responses as a test of their ability
to follow instructions, leading to the disqualification of
individuals who completed these control inquiries.

D. Procedure

All the procedures were approved by the Advanced
Telecommunication Research Review Boards (501-3). A
consent document was prominently shown on the first page of
the webpage. Only those who gave consent were eligible to
partake in the survey. Initially, participants are presented with
detailed descriptions of the study and guidelines for evaluating
each video, followed by a check to ensure that the video's
sound is satisfactory. Additionally, we provided textual
scenarios to help visualize an environment where several
robots are operational in a cafeteria setting.

The experiment has a within-participant design.
Subsequently, our participants viewed a video under either the
one-apology or two-apology conditions and responded to a set
of questions. This process was repeated with a video
showcasing the alternate apology condition, prompting
another round of responses. The order of the conditions was
counterbalanced. After viewing both videos, participants
answered control questions that assessed their attentiveness to
the videos and the accuracy of their responses.
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Figure 2. Questionnaire results of web-survey in Japan [22] and the U.S. One/two indicate that one or two robots apologized in the video stimuli.

E. Participants

In this study, 200 people living in the U.S. participated in
our survey: 77 women, 121 men, and 2 who declined to
specify gender, recruited via Amazon Mechanical Terk
(AMT). Through a filtering process that checked invalid
answers with missing data or the same value input for each
guestion, we chose 122 valid participants (50 women, 71 men,
1 who declined to specify gender). All received a small
compensation (<USD 5), regardless of the validity of their
data.

Moreover, we used the data of 168 participants from our
previous work [32] to compare the cultural differences
between the two countries. The initial recruiting process
identified 203 participants (101 women, 101 men, and 1 who
declined to specify gender), a number winnowed by the
screening process to 168 valid participants: 81 women, 86
men, and 1 who declined to specify. Note that the analysis
results for the Japanese participants are identical as our
previous work [32]; the novelty of this study lies in the
comparison between Japan and the U.S.

1. RESULTS

A. Questionnaire results

As shown in Fig. 2, we conducted a two-factor
mixed-ANOVA with the number factor (one and two) and the
country factor (JP and US) for the forgiveness scale. The
results showed a significant main effect for the number factor
(F(1, 288) = 11.647, p < 0.001, partial > = 0.039), but not for
the country factor (F(1, 288) = 1.809, p = 0.180, partial 1> =
0.006) or the interaction effects (F(1, 288) = 3.475, p = 0.063,
partial n2 = 0.012).

We also conducted a two-factor mixed ANOVA with the
number and country factors for the NWOM scale. The results
showed a significant main effect for the number factor (F(1,
288) = 8.800, p = 0.003, partial n> = 0.030), but not for the
country factor (F(1, 288) = 0.803, p = 0.371, partial n? =
0.003) or the interaction effects (F(1, 288) = 0.004, p = 0.949,
partial n2 = 0.001).

We also conducted a two-factor mixed ANOVA with the
number and country factors for the reliable subscale. The
results showed significant main effects in the country factor
(F(1, 288) = 18.0763, p < 0.001, partial n?> = 0.059) and the
interaction effects (F(1, 288) = 9.870, p = 0.002, partial n? =
0.002), but not for the number factor (F(1, 288) = 3.688, p =
0.056, partial n> = 0.013). The simple main effects showed
significant differences: US < JP in the one condition (p =
0.002), US < JP in the two condition (p < 0.001), and one <
two in the JP condition (p < 0.001).

We also conducted a two-factor mixed ANOVA with the
number and country factors for the competent subscale. The
results showed significant main effects in the number factor
(F(1, 288) = 19.802, p < 0.001, partial 7> = 0.064), in the
country factor (F(1, 288) = 4.383, p = 0.037, partial n? =
0.015), and in the interaction effects (F(1, 288) = 13.580, p <
0.001, partial n? = 0.045). The simple main effects showed
significant differences: US < JP in the two condition (p =
0.002) and one < two in the JP condition (p < 0.001).

We also conducted a two-factor mixed ANOVA with the
number and country factors for the ethical subscale. The
results showed significant main effects in the number factor
(F(1, 288) = 34.014, p < 0.001, partial n?> = 0.106) and in the
interaction effects (F(1, 288) = 9.801, p = 0.002, partial 2 =
0.033), but not for the country factor (F(1, 288) = 2.110, p =



0.147, partial n?> = 0.007). The simple main effects showed
significant differences: JP < US in the one condition (p =
0.023) and one < two in the JP condition (p = 0.023).

We also conducted a two-factor mixed ANOVA with the
number and country factors for the transparent subscale. The
results showed significant main effects in the number factor
(F(1, 288) = 6.123, p = 0.014, partial > = 0.021) and in the
country factor (F(1, 288) = 17.178, p < 0.001, partial n? =
0.056), but not for the interaction effects (F(1, 288) = 0.842, p
= 0.360, partial n? = 0.003).

We also conducted a two-factor mixed ANOVA with the
number and country factors for the benevolent subscale. The
results showed significant main effects in the number factor
(F(1, 288) = 25.695, p < 0.001, partial n?> = 0.082) and the
interaction effects (F(1, 288) = 17.838, p < 0.001, partial n> =
0.058), but not for the country factor (F(1, 288) = 2.609, p =
0.107, partial n* = 0.009). The simple main effects showed
significant differences: JP < US in the one condition (p <
0.001) and one < two in the JP condition (p < 0.001).

We also conducted a two-factor mixed ANOVA with the
number and country factors for the ITU subscale. The results
showed significant main effects in the number factor (F(1,
288) = 7.060, p = 0.008, partial n> = 0.024), in the country
factor (F(1, 288) = 4.398, p = 0.037, partial n> = 0.015), and in
the interaction effects (F(1, 288) = 7.980, p = 0.008, partial n?
= 0.024). The simple main effects showed significant
differences: US < JP in the two condition (p = 0.002) and one
< two in the JP condition (p < 0.001).

B. Summary

Our experimental results revealed similar and dissimilar
trends in Japan and the U.S. Concerning the former, the results
showed that both Japanese and American participants
accepted the apologies from multiple robots more than from a
single robot (forgiveness and NWOM scales). For the latter,
the number of robots who apologized had less influence on the
U.S. participants than their Japanese counterparts. Regardless
of the transparent subscale, we found no significant effects in
the number factor on the U.S. participants. Thus, our
prediction is partially supported; apologies from multiple
robots are more acceptable by both Japanese and American
people in the context of forgiveness and the NWOM scales.
On the other hand, unlike the Japanese, Americans are less
influenced by the number of robots in the context of most of
the trust scales.

IV. DISCUSSION

A. Implication

In this study, we identified the difference between
perceived feelings toward apologies from multiple robots.
Although the perceptions of apologies vary from countries
[47-50], experiment results with participants from two
different countries provide evidence that apologies from
multiple robots are more likely to be accepted in the wider
cultures of the world. The results also provide additional
evidence to support the effectiveness of multiple robots from
different application perspectives (i.e., apologies).

Different perceptions of trust perspectives among
countries are also interesting for developing more trustable
robots worldwide. From a trust perspective, the number of

robots is less effective for Americans compared to the
Japanese. This result might reflect the differences between an
individual-agency culture (the U.S.) and a collective-agency
culture (Japan). In the former, apologies from another robot
may have scant effect on the perception of the robot that made
a mistake. On the other hand, in collective-agency cultures,
apologies from another robot that belongs to the same group
(e.g., working in the same shop) may have a more positive
effect on the perception of the robot that dropped some food.
In fact, a past study reported that the Japanese are more likely
to apologize for failures in which they were not involved
compared to the Americans. [48]. Therefore, Japanese
participants might positively evaluate the secondary robot’s
apologies more than the American participants.

On the other hand, the U.S participants reported higher
values when a single robot apologized in two parts of the trust
subscales than the Japan participants: ethical and benevolent.
This result suggests that multiple apologies from robots are
less important in terms of trust for the U.S. participants.
Japanese participants might have negative impressions
because the secondary robot did not apologize with the
primary robot. In other words, another interpretation is that the
Japanese participants did not increase some of the trust
subscales because two robots apologized; they decreased such
subscales due to the lack of an apology from the secondary
robot.

B. Limitation

This study has several limitations. First, since we only
used a specific robot, i.e., Pepper, employing different robots,
such as more human-like android robots [64, 65], would
produce different results. We only investigated and compared
the effects of multiple robot apologies in Japan and the U.S.;
conducting a similar web survey in different countries would
provide even more insightful knowledge about cultural
differences to robot apologies.

V. CONCLUSION

This study investigated the cultural differences between
Japan and the U.S. concerning the effects of apologies from
multiple robots. We conducted a web survey with American
participants living in the U.S. and compared the results with
existing data gathered from Japanese participants. The
experiment identified both similar and dissimilar trends in the
perceptions toward robot apologies between the two countries.
The participants of both countries accepted apologies from
multiple robots more than apologies from a single robot in the
context of the forgiveness and NWOM scales. But in the trust
perspectives, the U.S participants were less influenced than
the Japan participants. We believe that this knowledge will
contribute to designing apology behaviors.
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