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Figure 1: (left) two actual examples from news reports depicting users bullying robots; (right) an example of our designed robot 
response after user bullying. 

ABSTRACT 
As robots become integral to public services, addressing harmful 
user behaviors like bullying is crucial. Existing research often over-
looks the gradual nature of human bullying. This study fills this gap 
by exploring how robots can counter bullying through optimized 
responses. Using a simulated human-robot interaction study, we 
manipulated robot response behaviors and styles across escalating 
bullying severity. Results show that empathetic verbal responses 
promptly reduce users’ bullying tendencies by eliciting remorse 
and redirecting attention to social awareness. However, users’ un-
derlying dispositions may override these reflexive reactions, em-
phasizing the need for a holistic understanding. In conclusion, a 
comprehensive approach is essential, involving immediate reaction 
optimization, emotional state assessment, and ongoing behavioral 
adjustment through empathetic dialogue. By implementing such 
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strategies, we can transform human-robot relationships from po-
tential bullying situations to harmonious interactions. This study 
provides an empirical foundation for response protocols that dis-
courage bullying and enhance mutual understanding. 
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1 INTRODUCTION 
The rapid advancement of service robotics, driven by technologies 
such as artificial intelligence and machine learning [49], has already 
led to an increasing number of robots being introduced into public 
spaces for human interaction [6]. Social robots are used in various 
settings, including banks [11, 20], restaurants [10, 38], hospitals 
[25, 36, 51], hotels [15, 23] and other service encounters [37, 46]. 
These service robots are perceived as autonomous and adaptable 
technology interfaces, enhancing productivity and efficiency in the 
service industry [24, 49]. 
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Despite the advantages of service robots, various challenges and 
uncertainties arise [40]. In instances of misconduct, it is unclear how 
intelligent robots will react. Will they behave as inanimate objects 
that are unresponsive, or will they retaliate against humans? If the 
latter occurs, how can we provide insights to help robot developers 
design responsible robots for interactions with humans? Just as 
bullying occurs gradually [3], as depicted on the left of Fig. 1, how 
should the robot behave to respond to humans and create a peaceful 
environment? 

In real life, bullying manifests in various forms within the realm 
of human sciences [30]. Workplace bullying, encompassing phys-
ical, mental, or social threats, involves behaviors such as intim-
idation, threats, exclusion, and verbal or physical abuse. In the 
Human-Robot Interaction (HRI) field, bullying is traditionally seen 
as a subset of aggressive behavior [32], characterized by being 
unprovoked, repetitive, and marked by a power imbalance [40], 
where the aggressor is perceived as stronger than the victim [31]. 
This power imbalance is a defining feature, setting bullying apart 
from other forms of aggression among equals [40]. Bullying pre-
dominantly unfolds within peer groups, especially in educational 
environments where children of similar ages frequently interact 
[34]. Early research underscores the prevalence of bullying within 
school contexts [34, 40, 42, 48], some studies reporting as many as 
two bullying incidents occurring per classroom hour, albeit of the 
short duration of service robots by users [1]. 

Explicitly, bullying, in HRI studies, is partially adopted from hu-
man sciences and is significantly considered in the evaluation of 
interactions between humans and robots as behavior that offends, 
humiliates, or intimidates, possibly occurring as a one-off conflict. 
In this context, bullying is marked by a lack of remorse or a failure 
to recognize human behavior as problematic, often fueled by emo-
tions like anger, frustration, or jealousy [31], among other reasons. 
Furthermore, these bullying behaviors can extend beyond human 
interactions to involve interactions between people and robots 
[31]. As bullying is characterized by a gradual progression from 
ideas to actions [43], this progression extends the measurement of 
bullying beyond one-off conflict cases, resulting in the design of 
robot systems that are expensive to maintain. Consequently, if the 
robots cannot act or react to ease the intention of human bullying, 
it will be challenging to prevent unnecessary damage or loss of 
robots when bullying occurs. Thus, evaluating various types of 
interactions where bullying might occur is crucial. This assessment 
is essential for informing the future design of robot systems in a 
cost-effective manner. 

Although some researchers have explored how robots can re-
spond to user bullying from a reactive standpoint [45], that prevent 
bullying approaches, such as investigating whether response styles 
without profanity could influence emotions [5] and mitigate aggres-
sive behavior during interactions between humans and conversa-
tional agents [12, 17], still assume that a simple reaction can solve 
the complex and context-dependent bullying [8] between users and 
service robots while working together on tasks[8, 30]. Indeed, there 
are a few studies focus on empowering users’ rights during the 
interaction between users and service robots and how robots should 
handle complex tasks with users before bullying occurs, there is 
still a gap in evaluating bullying in a short-term, inexpensive way 
[42]. Addressing this gap is crucial for providing practical insights 

to improve HRI design [7]. In that sense, there is a pressing need 
for an affordable approach to designing robots that can promote 
greater mutual understanding between users and robots, thereby 
discouraging bullying. 

Given this rationale, this paper aims to investigate how human-
like robots can effectively handle varying levels of unfriendly be-
havior leading up to bullying from users. While the present work 
is lab-based, it has the high potential to shed light on designing 
future robot systems that can prevent bullying, protect the robot 
from damage, and avoid unnecessary harm to human beings. The 
primary objective is to explore response approaches that can posi-
tively influence user behavior and reduce bullying. To achieve this, 
we manipulate robot response types and user bullying types to 
understand the intricate connections between bullying severity, 
response approach, and user reactions in a simulated HRI environ-
ment. We design a robot with six response types, including verbal 
and physical modalities, as well as avoidant, empathetic, and defiant 
styles, along with their combinations. Additionally, we define four 
user bullying types to reflect varying degrees of severity. A com-
parative test examines the correlations between bullying behavior 
and emotions of users. Our study makes a significant contribution 
by highlighting that bullying tends to occur gradually rather than 
abruptly in a single instance. This insight suggests that we can po-
tentially prevent instances of bullying by enhancing the frequency 
of interactions between users and robots. Moreover, we can also 
mitigate bullying by offering alternative responses that can help 
pacify users during their interactions with robots. 

The paper is organized as follows: Section 2 presents related 
work. Section 3 presents the pilot study. Section 4 illustrates the 
user study. Section 5 presents our results. Discussion is presented 
in Section 6. Section 7 presents the limitations and future work. 
The paper is concluded in Section 8. 

2 RELATED WORK 
This section presents a descriptive overview of bullying studies 
within the HRI field. According to the prevailing trends in current 
research, bullying can be categorized into three primary segments: 
1) Analyzing bullying through research methodologies, 2) Utilizing 
technology to prevent bullying, and 3) Collaboratively designing 
prototypes with participants to counter potential bullying scenar-
ios. With these three approaches significantly contributing to the 
investigation of bullying in HRI, there remains substantial room 
for further advancement in the study. Enhancing research efforts 
can aid in a more comprehensive understanding of the natural oc-
currence of bullying in human society and elucidate its similarities 
and differences within the HRI field. This, in turn, will aid us in 
designing robots to better support interactions between humans 
and robots. 

2.1 Analyzing bullying via methods 
In the sphere of interactions with socially interactive robots, com-
prehending human responses plays a critical role in shaping ethical, 
societal, and legal perspectives, aiding the development of respon-
sible robotics and their successful integration into our society [8]. 
These robots elicit social responses by conforming to expected hu-
man behavioral norms, aiming to evoke social interactions rooted 
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in anticipated human behaviors within everyday environments 
[4, 33]. There’s a prevalent assumption that individuals prefer ma-
chine interactions resembling human-to-human engagements [19]. 
However, this assumption carries the risk that social robots may 
not completely communicate or interact in ways that allow users 
to fully understand them in human social terms. 

The basis of such assumptions lies in research on bullying, often 
defined as unprovoked, repetitive aggressive behavior characterized 
by a power imbalance between the aggressor and the victim [40]. 
Much of those research, particularly in the human-centric com-
puting field, focuses on power relations, often within educational 
environments where interactions mainly involve children of simi-
lar ages [21, 40]. Understanding power dynamics helps distinguish 
bullying from other forms of aggression among equals. Moreover, 
contemporary studies reveal that bullying extends beyond schools, 
manifesting in diverse societal contexts such as dating violence, 
workplace harassment, and elder abuse [31], impacting various age 
groups and settings beyond educational institutions. 

These studies illustrate that bullying exhibits both direct (physi-
cal, verbal attacks) and indirect (manipulating relationships, dam-
aging reputations) manifestations [14]. While direct bullying exerts 
overt power, indirect bullying operates through social isolation [14]. 
Bullying employs diverse means—physical, verbal, relational, and 
reputational—to exert power, cause harm, and enforce compliance 
within the field of HRI [18, 26]. However, this analytical approach 
may overlook the natural progression of bullying, which might 
occur gradually rather than in simple, one-off interactions. Assum-
ing that bullying can happen within expected human behavioral 
norms in a single interaction can be risky, hindering a full under-
standing of how different interactive approaches might decrease 
the intention to bully. This presents a challenge in comprehending 
how various interactive methods can effectively mitigate bullying 
intentions. 

2.2 Preventing bullying by technology 
In the field of HRI, the predominant focus of research revolves 
around people and bullying in specific locations employing various 
technologies such as in workplaces, public areas, and schools. The 
purpose is to showcase HRI’s contributions in addressing the preva-
lent and troublesome phenomenon of bullying while also providing 
directions for the future of the HRI field [29]. These technologies 
mainly encompass different types of robots, including humanoid 
models [8], anthropomorphic robots [22], and mechanical robots 
[22]. 

Recent research indicates that the more human-like a robot ap-
pears, the greater the concerns regarding the potential harm it may 
cause [8]. Additionally, studies show that not only does the degree 
of similarity to humans matter, but also the size of the robot and 
the distance between humans and robots can influence the level of 
anxiety or perceived threat [53]. As the size of the robot increases 
and the distance between humans and robots widens, the induced 
anxiety also increases [27]. 

Beyond the aforementioned one-off interaction in studying bul-
lying; however, it’s crucial to note that the way humans perceive 
robots is a complex and fascinating subject. The robot’s perspec-
tive significantly influences human prosocial behaviors towards it 
[2]. The selection of a robot’s perspective can impact individuals’ 

decision-making and behavior during interactions. For instance, in 
a public square in Incheon, South Korea, young people exhibited 
extreme curiosity towards service robots and occasionally treated 
them aggressively, potentially posing barriers to the future de-
ployment and safety of robots [39]. This finding isn’t isolated and 
indicates the potential for predicting possible bullying behaviors 
using statistical models [9]. 

However, the pivotal question centers on how robots can be 
designed to respond effectively when instances of bullying occur 
through verbal, physical, or combined interactions, aiming to de-
escalate the situation. Without a comprehensive understanding of 
this inquiry, advancing robots to enhance human-robot interaction 
becomes a challenge. This understanding is crucial not only for 
elevating the role of robots in diverse settings but also for their 
utilization as assistive technology in various domains, including 
elderly care, public services, and beyond. 

2.3 Against bullying with design 
In combating bullying within the realm of HRI, a few researchers 
adopts a highly problem-focused approach. For instance, studies 
investigating direct robot responses to human bullying highlight 
the impact of conversational agents’ response styles on users’ emo-
tions. Empathetic responses have been observed to diminish user 
anger and elevate feelings of guilt, as evident in our study illus-
trated in the right of Fig. 1 [13]. Participants were tasked with 
individually reflecting on workplace situations and conducted a 
pre-survey on humanoid robots, focusing on expressing emotions 
through body language in human-robot interaction environments 
[52]. These studies often utilize storytelling as a toolkit, allowing 
users to express interactive needs beyond language by crafting 
tangible narratives about their preferred activities with others. 

Similar problem-solving approaches are noticeable in the field 
of cognitive engineering, where researchers concentrate on the 
mechanisms, perceptions, and willingness in human-robot inter-
actions to counteract robot bullying [5, 41]. For example, research 
investigating indirect robot responses to human bullying often in-
volves third parties or groups to alleviate or prevent robot bullying. 
Under conditions fostering social bonding, participants exhibit a 
stronger sense of social presence and anthropomorphic evaluations 
toward robots, leading to increased assistance provided to robots 
[32]. When a robot faces bullying and other group robots respond 
with sadness, humans are more likely to engage in prosocial be-
havior, with participants more inclined to intervene and offer aid 
when robots exhibit empathy [16]. A majority of participants inter-
vene and assist when witnessing robot abuse, and more individuals 
volunteer to help when the robot displays empathy [44]. 

These approaches aim to contribute from a design perspective 
in countering bullying, emphasizing emotional behaviors of both 
humans and robots. This novel contribution is crucial as it not only 
focuses on analytical methods or technology itself but also offers an 
opportunity to address gradually occurring bullying behavior from 
a social perspective, rather than simply repetitive interactions. 

2.4 Recap the related work 
We recognize that literature on bullying studies often involves either 
gathering data on bullying or exploring the impact of design and 
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technology in addressing bullying. However, a more comprehensive 
analysis to identify the barriers of bullying and the measurement 
of it is essential. Hence, we introduce a technology-based approach 
that examines how diverse behaviors, exhibited by both robots 
and humans, address bullying through their interactions in public 
service contexts. Our study is significant as it goes beyond singular 
instances of bullying, focusing on the gradual process of bullying 
within interactions. This novelty lies in examining different verbal 
and physical responses, such as avoidant, empathetic, and defiant 
behaviors displayed by robots facing varying degrees of verbal or 
physical bullying. Understanding how these behaviors contribute to 
harmonious interactions and the prevention of bullying adds an im-
portant dimension to the literature within the HRI field concerning 
bullying studies. 

3 PILOT STUDY 
Drawing upon existing literature, we analyzed potential influencing 
factors on a robot’s response to user bullying behavior, identifying 
three key elements: the user’s bullying behaviors, the robot’s re-
sponse behaviors, and its response styles. Thus, the purpose of this 
pilot study is to optimize and select key factors from those three 
elements for the design of the formal user study. As illustrated in 
Fig. 2, we established distinct levels within each factor. Bullying 
behavior was categorized into four types: non-verbal/non-physical, 
verbal only, physical only, and verbal + physical. Theoretically, the 
robot’s response behaviors mirrored these four categories of bully-
ing behaviors. We also delineated three response styles: avoidant, 
empathetic, and defiant [13]. To isolate the effects of specific re-
sponse behavior-style combinations on particular bullying actions, 
we excluded non-verbal/non-physical and composite verbal + phys-
ical behaviors from our design. Regarding the factor of bullying, the 
four defined levels are comprehensive, and there is currently no dis-
pute. However, when it comes to response behaviors and response 
styles, their combination can yield multiple forms of representation. 

A total of 12 participants took part in our pilot study, and all 
collected samples were valid. Our questionnaire solicited partici-
pants’ opinions on each basic response variant, and many of them 
provided valuable suggestions for designing the representations. 
As they suggested complex interactions, we further validated the 
necessity of using simulated robots in measuring anti-bullying 
experiments. We summarized and selected the most reasonable 
expressions for each combination (see Table 1). 

In our pilot study, participants engaged in scripted interactions 
with a virtual robot in a simulated environment (see the right of 
Fig. 1). Prior to the interaction, participants were presented with 
a scenario description indicating they would experience various 
robot response variants should the robot produce an unpleasant 
user experience and then elicit bullying behavior from the partic-
ipant. Following the scripted interaction, participants completed 
questionnaires evaluating the robot’s differing response options 
and also participated in interviews about their impressions. 

Specifically, the questionnaires presented participants with six 
preliminary response variants following a template such as “I’m 
sorry, it’s my fault...”, "Sorry, please...", "I apologize, the fault is 
mine..." or "Please accept my apologies...". Participants were asked 

to select the variant they deemed most suitable as the robot’s ba-
sic response. The goal was to identify optimal phrasing and style 
for the robot to adopt when responding to bullying based on user 
preferences. If the provided options did not align with the partic-
ipant’s preferences, they could elaborate on their reasoning and 
suggest alternative variations in the debrief session. Through this 
iterative process of refinement based on user input, we sought to 
establish an apologetic response that would be accepted positively 
by individuals interacting with the robot in real-world scenarios. 

During the pilot study, a concern was raised about the possibility 
of a learning effect among participants when the same event was 
repeated multiple times. This could potentially lead to an increase 
in engagement in bullying behavior and post-behavior reactions 
over successive iterations, thereby confounding our intended ex-
amination of response performance. To address this potential con-
found, we developed refined variants for each event category to 
diversify the scenarios in every response trial. For instance, within 
public service contexts, robot assistance scripts were tailored for 
distinct activities like passport processing and wayfinding. This 
approach allowed us to break down events into discrete scenarios, 
each exemplifying a common theme. Subsequent response trials 
thus more accurately assessed performance for each response type 
independently. Up to this stage, responses related to verbal behav-
iors showed minor variations in phrasing while retaining similar 
opening words and overall meaning across replays. 

4 USER STUDY 

4.1 Study design 
Based on the evaluation of the results from our pilot study, we 
designed the formal user study as a 4x2x3 mixed factorial design 
(see Fig. 2). This design incorporates four levels of bullying sever-
ity (non-verbal non-physical, verbal-only, physical-only, verbal + 
physical) as the between-subjects factor. Within this framework, 
two levels of robot response behaviors (verbal and physical) and 
three combinations of response styles (avoidant, empathetic, and 
defiant) served as the within-subjects factor. In total, this design 
results in 24 distinct conditions. 

Participants engaged with robots in six predefined scenarios, 
with each robot programmed to manifest one of six combinations 
of response styles, ensuring no repetition. Throughout the entire 
experiment, participants retained the freedom to decide whether 
to engage in bullying behavior toward the robots, either through 
verbal insults or more aggressive actions. This approach aimed 
to authentically capture participants’ thoughts and replicate the 
distribution of bullying severity. 

As participants navigated various scenarios, their interactions 
with robots displaying different response styles in previous scenar-
ios might influence their perceptions of subsequent robot responses. 
To address this, we employed a Latin square design for the sequence. 
Each group consisted of six participants, and the order of robot 
response styles varied within each group. This approach maximized 
analytical power within resource constraints and minimized poten-
tial interference from individual differences and external factors. 

Furthermore, all six predetermined scenarios were developed as 
interactive non-linear scripts. Once participants selected a specific 
bullying behavior in an event, they were required to maintain the 
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Figure 2: The levels of factors between and within groups and our screening process through a pilot study. 

Table 1: Results of the pilot study. The reasonable expressions for each combination. 

Response Styles/Behaviors Verbal Physical 

Avoidant "I’m sorry, it’s my fault ..." Make an embarrassed face and back away. 
Empathetic "I understand how you feel, and I have a solution that ..." Make a comforting face and hug gesture. 
Defiant "Please stop immediately! ... " Make an angry face and cross your arms in front of your chest 

same behavior in subsequent stages of that event. This ensured 
consistency in participants’ experiences of bullying severity within 
the same scenario. Virtual robots with capabilities for both ver-
bal responses and physical gestures were developed using Unity. 
To facilitate the application of pre-designed scripts, we devised 
an interactive non-linear flow framework. The rationale for em-
ploying scripted interactions with simulated robots is twofold: 1) 
Compared to cumbersome real-world robotic scenarios, swift, re-
peatable simulation testing environments with readily modifiable 
and optimizable conditions confer advantages given the abundant 
experimental trials required. 2) Utilizing scripted user behaviors 
instead of authentic bullying acts also averted ethical concerns 
associated with staging genuine abusive conduct. This design is 
more appropriate during the current user study phase. 

To minimize potential influences stemming from variations in 
the robots’ gender and appearance on experimental outcomes, the 
robot’s gender and appearance were kept consistent across all ex-
perimental conditions. The design strived for a neutral appearance, 
complemented by a masculine robotic voice. 

4.2 Hypotheses 
Based on our review of the literature and experiment design, we 
formulated the following hypotheses: 

• H1.1: there would be a significant difference in whether users 
choose to bully based on one or more factors from event type, 
age, and gender; 

• H1.2: the main reason for choosing to bully would be robots 
cannot meet users’ demands; 

• H2.1: the bullying behaviors would have a significant differ-
ence in endurance times before the user’s bullying; 

• H2.2: the bullying behaviors would have an interaction effect 
with response behaviors or response styles in bullying times 
after the first bullying; 

• H3.1: the bullying behaviors would have an interaction effect 
with response behaviors or response styles in the degrees of 
the tendencies to stop bullying; 

• H3.2: the response of verbal behaviors with empathetic styles 
would lead to the best performance in the degree of the 
tendencies to stop bullying; 

• H4.1: the bullying behaviors would have an interaction effect 
with response behaviors or response styles in the degrees of 
the apologies after robot response; 

• H4.2: the response of verbal behaviors with empathetic styles 
would lead to the best performance in the apologies after 
robot response; 

• H5.1: the bullying behaviors would have an interaction effect 
with response behaviors or response styles in the degrees of 
the shame that avoids public knowledge; 

• H5.2: the response of verbal behaviors with empathetic styles 
would lead to the best performance in the degree of the 
shame that avoids public knowledge. 
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4.3 Participants 
In total, we recruited 38 participants, comprising 21 males and 17 
females, with ages ranging from 20 to 28 years (median = 24.5 years). 
And the university’s ethical committee approved the study. The 
study yielded 228 data samples. However, to ensure equal distribu-
tions of participants exhibiting bullying across the four bullying 
behavior categories, each category required representation of all 
six possible response types. In adherence to the principle of evenly 
distributing samples among groups in a component experimen-
tal design, we opted for a maximum of 144 samples—36 samples 
allocated to each of the four groups—after eliminating any dupli-
cate or unavailable samples. The remaining 84 samples included 41 
that refrained from bullying and 43 that were involved in repeated 
events. 

4.4 Procedure 
Our study lasted approximately 30 minutes per participant and 
necessitated participants to screen-share via their own computers. 
The procedure can be divided into four steps: the preparation stage, 
operational instruction, interaction task, and follow-up interview. 

4.4.1 Preparation Stage. Initially, participants received a brief in-
troduction to the research topic. They were asked to complete an 
"Informed Consent to Participate in Research" questionnaire and 
provide personal demographic information. We assured them that 
the data collected would only be used for statistical analysis pur-
poses and would remain confidential. 

The experiment comprised two sequential tasks. The first task 
aimed to familiarize participants with the operational flow and re-
duce psychological pressure, enabling them to focus on interacting 
with the robots. Subsequently, in the second task, which consti-
tuted the main activity, participants were verbally and textually 
informed of the primary purpose of their interactions with the 
robots in each event. This purpose description was intentionally 
designed to stimulate participants’ bullying behavior towards the 
robots. It’s important to note that we did not reveal the true purpose 
of these tasks to the participants, as our aim was to observe their 
spontaneous responses to our manipulations. 

4.4.2 Training session. To prepare participants for the upcoming 
task and alleviate any potential pressure, we provided them with 
verbal instructions on how to manipulate their virtual selves. These 
instructions covered various aspects, including movement, chang-
ing perspectives, and switching between interaction modes (be-
tween option selection and changing perspectives). In cases where 
participants forgot how to perform specific operations, we offered 
prompts for guidance. Additionally, we encouraged participants to 
mentally immerse themselves in the virtual scenes by ’imagining 
themselves in a real-life situation and deciding how they would 
act.’ 

4.4.3 Interaction Task. Six events were crafted in the context of 
governmental affairs handling. Participants interacted with a service-
providing robot in each event and were assigned a predetermined 
task objective (Table 2). Participants were instructed to experience 
these six predetermined events in a specific order, and their actions 

were monitored in real-time. To reset participants’ moods and min-
imize potential learning effects, we introduced new and disordered 
events under different scenarios for each trial. 

Table 2: Six events in the government affairs handling sce-
nario. 

TaskID Target 

1 Complete the application for residence permit 
2 Inquire about tourist visa process 
3 Carry out vehicle annual inspection procedures 
4 Completion of passport processing 
5 Consultation on the process of applying for a business license 
6 Complete the application for bus discount card 

Each event consisted of three segments: setting objectives, ex-
periencing the script, and deciding whether to engage in bullying. 
In the first part, participants received text-based descriptions of 
the objectives they needed to achieve in the current event. Success 
was defined as achieving the objective, although, in reality, every 
event was designed to fail. This part lasted 10 seconds to immerse 
participants in the script and their sense of presence. Participants 
interacted with the robot in the second part while keeping their 
objective in mind. Participants could choose from 2 to 5 options at 
certain key plot points to determine the plot’s direction, aligning 
with their psychological expectations. The third part flowed seam-
lessly from the second, allowing participants to choose whether 
to bully or refrain from bullying the robot. The chosen bullying 
behavior reflected the severity of the bullying towards the robot. 
Once a bullying behavior was selected, participants could only con-
tinue bullying the robot in the same manner until the process ended 
(the fourth bullying) or participants manually stopped. In response 
to participants’ bullying, the robot randomly selected one of the 
three verbal responses (see upper left of Fig. 3 and Table 3) and 
three physical responses (see the rest of Fig. 3). If the participant 
continued bullying, the robot would also persist with the same 
response style as before but with more emphasis on that style. 

After each event, participants were required to complete a ques-
tionnaire primarily investigating their feelings. The questionnaire 
comprised four items rated on a 5-point Likert scale (see Table 4). 
Unlike the pilot study, this questionnaire used in the user study 
was not multiple-choice or open-ended but 1-5 Likert scales. 

4.4.4 Interview. We conducted informal and open interviews with 
the participants, each lasting from 5 to 10 minutes. As the questions 
were open-ended, participants were primarily asked about their 
experiences in the experiment after completing all the tasks. While 
our questions were open-ended, we aimed to align them with the 
observed behaviors of the participants. This approach, we believe, 
will help participants better reflect on their behaviors during the 
experiment. Simultaneously, it allows us to gather meaningful and 
sensible feedback from participants during the interviews, aiding 
us in understanding their responses and exploring the most ap-
propriate robotic reactions they perceived. Following each session, 
participants provided reasons if they chose not to engage in aggres-
sive behavior towards the robot. All interviews were transcribed. 
Additionally, any uncertainties or divergent analyses of interview 
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Figure 3: Examples of six responses of robots. (upper left) three verbal responses; (upper right); the avoidant physical responses 
in different bullying times; (lower left) the empathetic physical responses in different bullying times; (lower right) the defiant 
physical responses in different bullying times. 

Table 3: Examples of three verbal responses of robots. 

Style Bullying Times Specific Form of Verbal Responses 

Avoidant 
First I’m sorry, it’s my fault. 
Second Sorry, I will leave right now. 
Third Sorry again, please don’t hurt me. 

Empathetic 
First I understand how you feel, and I have a solution for you. 
Second Please give me some time and patience; I will solve the problem for you as soon as possible. 
Third Let me contact the administrator to solve the problem for you right now. 

Defiant 
First Please stop immediately! 
Second Watch your behavior; you are very rude! 
Third I warn you not to do this again! 

Table 4: Four elements of our 5-point Likert scale questionnaire. 

Elements Measurement Matrix 

E1: Before choosing to bully the robot very irritated, irritated, uncertain, calm, very calm. 
E2: After the robot responds to you very irritated, irritated, uncertain, calm, very calm. 
E3: When you bully a robot, the robot’s response makes you want to apologize to the robot not at all, somewhat, not sure, not too much, very much 
E4: You want to prevent others from knowing about your bullying behavior towards the robot not at all, somewhat, not sure, not too much, very much 

data were discussed within the project team, and we achieved in-
tersubjectivity in the qualitative analysis [47]. The study’s purpose 
was subsequently disclosed, and participants were given the oppor-
tunity to pose any questions during the debriefing. 

4.5 Evaluation Metrics 
We implemented a comprehensive assessment encompassing objec-
tive and subjective data measurements to evaluate the performance 
of different robot response types in reaction to various bullying 
behaviors. 
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4.5.1 Objective Measures. 

Endurance times before the user’s bullying. We recorded the num-
ber of clicks on the bullying option as a measure of the frequency of 
user-initiated bullying. This count represents the duration between 
the robot’s behavior that triggered the user’s bullying response and 
the actual occurrence of bullying. 

Bullying times after the first bullying. We recorded the total num-
ber of times the user chose to bully in the same manner, representing 
the duration of the user’s bullying. 

4.5.2 Subjective Measures. 

Degree of the tendencies to stop bullying. We collected users’ feel-
ings before and after bullying using the Likert scale (refer to E1 and 
E2 in Table 4). The difference between these two scores (E2 - E1) 
was used to gauge whether the user’s emotional state fluctuated in 
response to the robot’s behavior. In simpler terms, if the change in 
feelings leaned towards irritation (i.e., the value was negative), the 
user was inclined to continue bullying. Conversely, if the change 
in feelings suggested a move away from irritation, it signaled that 
users were inclined to stop bullying. This value thus represents 
the degree to which users were inclined to discontinue their bully-
ing behavior and serves as a comprehensive expression of users’ 
annoyance. 

Degree of the apologies after robot response. We collected E3 on a 
Likert scale (see Table 4) to measure the degree of apologies made 
by users in response to the robot’s behavior. This value serves as a 
representation of users’ feelings of guilt. 

Degree of the shame that avoids public knowledge. We collected E4 
on a Likert scale (see Table 4) to gauge the degree of shame related 
to avoiding public knowledge. This value serves as a representation 
of users’ feelings of shame. 

5 RESULTS 
All participants demonstrated an understanding of the task nature, 
and any invalid data were removed. No outliers were detected, as 
none of the residuals exceeded ±3 as the criterion. A Shapiro-Wilk 
test was performed for each measure within each condition to as-
sess normality. If the data did not meet the criteria for a normal 
distribution, non-parametric tests were applied. To examine inter-
action effects for non-parametric data, we employed the Aligned 
Rank Transform [50]. We also performed a reliability analysis on 
our Likert scale and obtained a Cronbach’s alpha value of 0.794 
(𝛼>.07), which indicates that the questionnaire design demonstrated 
high reliability. In addition, we conducted a Kaiser-Meyer-Olkin 
(KMO) test and Bartlett’s test of sphericity, obtaining a KMO value 
of 0.664 (KMO>.06), which indicates that the questionnaire design 
was adequate for exploratory factor analysis. 

5.1 Non-statistical results 
Fig. 4 showed that there are 228 available sample sizes, of which 
41 samples (18%) chose to reject the bullying robot and the rest 
(187, 82%) chose to bully the robot. We selected 144 samples (63%) 
of bullying behaviors to form the analysis data for our between-
subject and within-subject design. 98 samples (68%) believed that 

robots could not fulfill their demands; 33 samples (23%) of users 
believed the robot has a poor service attitude; 6 samples (4%) did 
not trust the robot; 4 samples (2.7%) think they don’t like the robot’s 
appearance; 3 samples (2%) think the robot’s voice is unpleasant; 
124 samples (86%) chose the robot’s response styles consistent with 
our preset response styles. 

Moreover, examining the sample distribution revealed that ap-
proximately 21% of the participants refused to bully the robots 
across all events, with no significant differences based on gender, 
age, or event type. This violates H1.1 and indicates that these factors 
do not influence the bullying of robots. However, variables such 
as scenario types, personalities, and developmental experiences 
could significantly impact this outcome. Additionally, among par-
ticipants who did bully, the primary reason for bullying was the 
robot’s failure to meet users’ needs (68%), followed by poor service 
(23%), while other reasons like voice, appearance, and trustworthi-
ness accounted for a negligible percentage. This supports H1.2 and 
suggests the robot’s inability to satisfy users’ needs and provide 
adequate service readily elicits bullying. 

Figure 4: Percentage distribution chart of samples. 

5.2 Statistical Objective Results 
5.2.1 Endurance times before the user’s bullying. A one-way ANOVA 
showed the significant difference between the bullying behaviors 
in the endurance times before the user’s bullying (p <.001). It can 
be seen from the Fig. 5 (left) that non-verbal and non-physical bul-
lying behavior correspond to the highest endurance times and are 
more significant than verbal-only behaviors (p <.001), physical-only 
behaviors (p <.001) and verbal + physical behaviors (p <.001). Verbal-
only bullying behaviors are more significant than physical-only 
behaviors (p <.001) and verbal + physical behaviors (p <.001). There 
is no significant difference in endurance times between physical-
only and verbal + physical. 

When we evaluate the objective data of endurance times before 
users engage in bullying, we find that users exhibit the highest 
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endurance for non-verbal and non-physical bullying behavior, con-
sistent with typical user behavior. However, a significant difference 
emerges between verbal-only and physical-only bullying behavior. 
The results indicate that tolerance for physical-only bullying is 
lower than that for verbal-only bullying. Interestingly, tolerance 
levels for physical-only and verbal + physical bullying are similar. 
These findings underscore that the inclusion of physical behavior 
is a crucial indicator of users losing patience, providing support for 
H2.1. 

5.2.2 Bullying times after the first bullying. A three-way mixed 
ANOVA showed the interaction effect on the bullying behaviors 
and response styles (p <.001) in the degree of the bullying times 
after the first bullying (see Fig. 5, right). Then the following simple 
effects showed that: 

• When bullying behavior is Non-verbal Non-physical, there is 
no significant difference between response styles. 

• When bullying behavior is Verbal-only, the bullying times of 
defiant response style was higher than that of avoidant (p 
<.001); and higher than that of empathetic (p <.05); 

• When bullying behavior is Physical-only, the bullying times 
of defiant response style was lower than that of avoidant (p 
<.001); 

• When bullying behavior is Verbal + Physical, the bullying 
times of defiant response style was lower than that of avoidant 
(p <.01); and lower than that of empathetic (p <.01); 

When evaluating the objective data of bullying incidents follow-
ing the initial occurrence, we observe that individuals displaying 
avoidant or empathetic response styles experience fewer instances 
of bullying than those exhibiting defiant response styles when users 
choose verbal-only bullying behaviors. Conversely, instances of 
bullying in the defiant style are lower than in the other two styles 
when bullying behaviors escalate to include verbal and physical 
actions. This observation, coupled with our earlier insight that the 
inclusion of physical behaviors is a significant indicator of users 
losing patience, leads us to believe that individuals who repeat-
edly engage in simple verbal bullying face fewer psychological or 
social-moral obstacles than those who engage in repeated verbal 
and physical behaviors. This finding supports H2.2 

5.3 Statistical Subjective Results 
5.3.1 Degree of the tendencies to stop bullying. A three-way mixed 
ANOVA showed the main effect on the response behaviors in the 
degree of the tendencies to stop bullying (see Fig. 6, left): 

• The tendencies to stop bullying of Verbal response behaviors 
was lower than that of Physical (p <.05). 

We also found the interaction effects between bullying behaviors 
and response styles (p <.001) in the degree of the tendencies to stop 
bullying. Then the following simple effects showed that (see Fig. 6, 
right): 

• When bullying behavior is Non-verbal Non-physical, the de-
gree of tendencies of Empathetic response style was higher 
than that of Avoidant (p <.01); and higher than that of Defiant 
(p <.01). 

• When bullying behavior is Verbal-only, the degree of tenden-
cies of Empathetic response style was higher than that of 
Avoidant (p <.001); and higher than that of Defiant (p <.05). 

• When bullying behavior is Physical-only, the degree of ten-
dencies of Avoidant response style was lower than that of 
Empathetic (p <.05); and lower than that of Defiant (p <.05). 

• When bullying behavior is Verbal + Physical, the degree of 
tendencies of Empathetic response style was higher than 
that of Avoidant (p <.001); and higher than that of Defiant (p 
<.001). 

When statistically analyzing the results assessing the extent to 
which users were inclined to cease bullying, three key findings 
emerged: 1) verbal response behaviors were more effective than 
physical responses in all bullying behaviors, which violates H3.1; 
2) irrespective of response styles, empathetic response styles sur-
passed avoidance across the four bullying behaviors, which sup-
ports H3.2; 3) in non-physical non-verbal and verbal-only bullying 
behaviors, empathetic responses also outperformed avoidance and 
defense, which also supports H3.2. 

5.3.2 Degree of the apologies after robots’ responses. Another three-
way mixed ANOVA found the interaction effect between the re-
sponse behaviors and the response styles (p <.001) in the degree of 
the apologies after the robots’ response. Then the following simple 
effects showed that (see Fig. 7): 

• When response behavior is Physical, the degree of apologies 
of Empathetic response style was higher than that of Avoidant 
(p <.001); and higher than that of Defiant (p <.001). 

• When response behavior is Verbal, the degree of apologies of 
Empathetic response style was higher than that of Avoidant 
(p <.01); and higher than that of Defiant (p <.001); and the 
apologies of Avoidance response style was higher than that 
of Defiant (p <.001). 

• When response style is Avoidant, the degree of apologies of 
Physical response behavior was lower than that of Verbal (p 
<.001). 

• When response style is Empathetic, the degree of apologies 
of Physical response behavior was lower than that of Verbal 
(p <.001). 

• When response style is Defiant, the degree of apologies of 
Physical response behavior was lower than that of Verbal (p 
<.05). 

Slight variations emerged when analyzing users’ degree of apolo-
gies following their bullying acts. Initially, no significant differences 
in users’ apologies emerged across bullying behavior, which violates 
H4.1. However, there are interaction effects on response behaviors 
and styles. Three salient conclusions follow: 1) verbal and phys-
ical response behaviors with empathetic response styles elicited 
greater apologies in users, which supports H4.2; 2) verbal response 
behaviors paired with avoidance and empathetic styles surpassed 
physical responses, which also supports H4.2; 3) however, physi-
cal behaviors generated more regret than verbal behaviors when 
employing a retaliatory style. 

5.3.3 Degree of the shame that avoids public knowledge. The last 
three-way mixed ANOVA found the interaction effect between the 
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Figure 5: Plots of times under (left) the endurance times before the user’s bullying; (right) bullying times after the first bullying. 
Error bars indicate the positive standard error. Statistical significant effects are marked (* = p < .05, ** = p < .01, and *** = p < 
.001). 

Figure 6: Plots of degrees under the tendencies to stop bullying. (left) the main effect between bullying behaviors and response 
behaviors; (right) the simple effects of response styles on bullying behaviors. Statistical significant effects are marked (* = p < 
.05, ** = p < .01, and *** = p < .001). 

bullying behaviors and response styles (p <.001). Then the following 
simple effects showed that (see Fig. 8): 

• When bullying behavior is Non-verbal Non-physical, the de-
gree of shame of Empathetic response style was higher than 
that of Avoidant (p <.001); and higher than that of Defiant (p 
<.01). 

• When bullying behavior is Verbal-only, the degree of shame 
of Empathetic response style was higher than that of Avoidant 
(p <.05); and higher than that of Defiant (p <.01); and the 
degree of shame of Avoidant response style was higher than 
that of Defiant (p <.001). 

• When bullying behavior is Physical-only, the degree of shame 
of Avoidant response style was higher than that of Defiant 
(p <.01). 

• When bullying behavior is Verbal + Physical, the degree of 
shame of Avoidant response style was higher than that of 
Empathetic (p <.05); and higher than that of Defiant (p <.01). 

Analyzing the results assessing users’ avoidance of the public 
knowledge of their bullying acts yielded two findings: 1) empathetic 
response styles could increase users’ avoidance of public knowledge 
of their non-physical non-verbal and verbal-only bullying behavior, 
which supports H5.1; 2) empathetic response styles performance de-
teriorated for physical and verbal + physical bullying behaviors but 
avoidance response styles incrementally improved which partially 
supports H5.2. The results of all our hypotheses are delineated in 
Table 5. 

5.3.4 Interview. To understand the factors that inhibited bullying 
behavior, we interviewed users who chose not to engage in bullying 
despite feeling bothered by the robot’s actions. Their responses 
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Figure 7: Plots of degrees under the apologies after robots’ responses (left) the simple effects of response styles on response 
behaviors; (right) the simple effects of response behaviors on response styles. Statistical significant effects are marked (* = p < 
.05, ** = p < .01, and *** = p < .001). 

Figure 8: Plots of degrees under the shame that avoids public knowledge. The simple effect of response styles on bullying 
behaviors. Statistical significant effects are marked (* = p < .05, ** = p < .01, and *** = p < .001). 

Table 5: A summary table of whether the hypothesis is supported. 

Hypotheses Key Points If Support 

H1.1 Human factors influence user bullying choice.  
H1.2 Main bullying reason is unmet demands.  
H2.1 Bullying behaviors affect endurance times  
H2.2 Interaction of behaviors and responses affects bullying times.  
H3.1 Interaction affects tendencies to stop bullying.  
H3.2 Empathetic verbal response best for stopping bullying.  
H4.1 Interaction affects degree of apologies.  
H4.2 Empathetic verbal response best for apologies.  
H5.1 Interaction affects degree of shame.  
H5.2 Empathetic verbal response best for shame.  

were categorized and tallied in the left column of Table 6. Addition-
ally, we asked participants to select the most appropriate response, 
as shown in the right column of Table 6. 

We derived two salient conclusions from the interview results: 
1) The primary reasons users refrain from bullying robots are ex-
pediency in opting for human solutions over squandering time 
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on robots and legal repercussions for mistreating robots; 2) Users 
prefer the response of robots with verbal empathy and evasion, 
exhibiting some sympathy and goodwill. 

6 DISCUSSION 
The present study showcases the importance of robots’ behavior as 
a key element in mitigating bullying during the interaction process. 
In the subsequent subsections, we delve into how this interactive 
behavior is manifested not only in the progressively conversational 
dialogue during interactions but also in expressions of human-like 
empathy, methods of apology, avoidance of aggressive language and 
behavior, and prompt responses to user needs within the conversa-
tion. Furthermore, the experimental design itself fosters innovation 
in the way humans interact with robots and acts as a complement 
to prior research. 

6.1 Respond to Users’ Requests with Politeness 
and Courtesy 

Our findings on the degree of tendencies to counteract bullying 
reveal additional insights, specifically how user patience thresholds 
and bullying frequencies shift based on response types as abuse 
intensifies (see [10, 20]). In instances of physical bullying behaviors, 
both empathetic and defiant responses performed comparably and 
exceeded avoidance. However, the effectiveness of defiant responses 
deteriorated, matching avoidance levels, in verbal and physical 
bullying events. Verbal response behaviors not only reduced users’ 
proclivity for further bullying beyond that of physical responses 
but also surpassed the other two in most bullying scenarios. 

Thus, predicting and analyzing subsequent user behavior follow-
ing bullying based solely on one-off reactions would be insufficient. 
For example, in the present study, a user with a high pre-existing 
annoyance may persist in bullying despite some reduction in con-
frontational tendencies immediately after the robot’s response. Al-
though this can be slightly improved, users’ post-response state 
may remain anxious enough to sustain a significant possibility for 
continued bullying. 

Therefore, involving the user’s overarching emotional state, 
rather than solely focusing on immediate reactions, is crucial. This 
aligns with our research objective, wherein a social robot is in-
tended to adeptly manage diverse levels of unfriendly behavior that 
may escalate to bullying from users. In this context, integrating a 
broader range of polite responses into human-robot interaction can 
play a pivotal role in mitigating bullying on a larger scale. 

In this context, we demonstrate the feasibility of implementing 
technology-based strategies to mitigate harm. Our study indicates 
that incorporating polite responses, including an apologetic tone 
and physical gestures, can simultaneously evoke regret and decrease 
the likelihood of further bullying. Higher levels of regret are asso-
ciated with a reduced probability of bullying. These findings differ 
from previous studies, such as [19] and [33], which predominantly 
focus on analytical approaches for addressing isolated incidents. 

Our research goes beyond and reveals that physical response 
behaviors with defiant styles not only elicit more apologies but also 
more effectively diminish bullying tendencies compared to verbal 
responses with defiant styles in various scenarios. Interestingly, ver-
bal responses with defiant styles tend to provoke more anger than 

their physical counterparts, although the latter is more successful 
in preventing additional instances of bullying. We attribute this to 
the fact that physical retaliation introduces a tangible consequence 
absent in verbal interactions. 

This contribution addresses a gap in bullying studies in the 
HRI field by integrating the physical sensation of a strike as robot 
behaviors that may interrupt anger states that verbal exchanges 
often prolong by sustaining engagement. In this case, regardless of 
whether users remain irritated by verbal defiance or not, physical 
retaliation can shift them into a mindset that fosters remorse. 

Therefore, we demonstrate that integrating polite responses as 
robot dialogue styles across various modalities can optimize adap-
tive mitigation approaches. This significantly contributes to the 
literature in the HRI field, providing developers with a practical 
case for addressing robot design, from sociotechnical discussions 
to technical implementation details. For instance, employing polite 
verbal reactions when bullying gradually happens can induce re-
flection on escalating tensions. This approach can be incorporated 
into robot design to assertively regulate the physical responses 
of robots in case of bullying escalation, leading to outcomes that 
prompt an apology from the user. By leveraging the strengths of 
each response type, this strategy aims to effectively minimize in-
stances of bullying. 

6.2 Exhibit Empathy and Employ Evasive 
Strategies in the Face of Bullying 

In addition, we observed that empathetic responses have the po-
tential to reduce physical bullying. Given the visibility of users’ 
actions to the public [13], the aggressor may experience a sense 
of shame, leading to a cessation of further non-physical bullying. 
Our findings also confirm that aggressors tend to show indifference 
once physical abuse of robots becomes invisible [44] to others in 
the public. Our explanation is that non-physical actions retain a 
degree of anonymity, allowing the aggressor to save face if their 
actions go undetected. However, when actions escalate into un-
controlled physical bullying, the aggressor crosses a psychological 
barrier, leading to potential damage to the robots. That, of course, 
can trigger prosocial behavior where other users can provide help 
to stop bullying behaviors. 

These insights expand on the discussed threshold between en-
during verbal frustrations versus reacting aggressively to physical 
provocations [10]. They indicate defiant responses may prolong 
verbal altercations but help curb repeated physical bullying. Con-
sequently, integrating defiance alongside empathetic tactics could 
prove optimal - using empathy to diffuse rising verbal tensions 
before physical manifestations occur, then employing defiance to 
inhibit continued physical abuse. 

In this context, designing robots to respond with empathetic 
verbal interactions can effectively leverage the shame experienced 
by aggressors, thereby contributing to the reduction of bullying 
incidents. The empathetic verbal response enables users to reflect on 
their behaviors, making their bullying intentions visible. Moreover, 
it activates social awareness among both the aggressor and other 
users in public services. Consequently, the present study highlights 
the design space for users to intervene and assist when witnessing 
abuse directed at robots. 
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Table 6: Results from two essential questions in the interview. 

Reasons for not bullying at all Total Times The Most Appropriate Response Total Times 

Seeking manual service is a better option. 17 Verbal Empathetic 109 
Vandalism requires legal responsibility. 15 Verbal Avoidant 22 
It is very normal. 8 Physical Empathetic 4 
I have a good temper. 7 None 9 

Furthermore, we have discovered that robots demonstrating a 
preference for evasive reactions can contribute to the reduction of 
bullying incidents. Users refrain from mistreating robots primarily 
due to the convenience of opting for alternative solutions instead 
of wasting time on robots. Our work deepens the understanding of 
how to implement empathy reactions and employ evasive strategies 
when users still perceive robots primarily as utilities in the HRI field, 
not deserving of the scorn or abuse that a human might receive. 

When robots exhibit anthropomorphized behaviors, such as eva-
sive reactions and empathetic verbal interactions, our designed 
HIR interactive behavior aims to mitigate conversational discord 
through affirmative means. The simple behavior exhibited by users 
suggests that robots, to some degree, are perceived as sentient inter-
locutors, prompting users to choose gentle and amicable reactions. 
This contribution demonstrates that future HRI design, through the 
incorporation of empathetic and evasive behaviors, can technically 
enrich the behavior of robots and guide user behavior to reduce 
potential bullying in specific contexts. 

6.3 Provide Swift Responses to Users 
The present work also illustrates how and when HRI designers can 
design quick and proper responses to prevent bullying from occur-
ring. Following the prior evaluation on endurance times, where 
researchers reveal users’ patience expires quickly [10, 20], we ob-
served bullying frequency following the initial incident. Once users 
lose patience, we discovered that defiant responses correlated with 
more repeated verbal-only bullying compared to avoidant or em-
pathetic reactions. However, when bullying incorporated physical 
actions, defiant responses experienced less recurrent abuse than 
the other styles. This suggests that individuals facing reprisals for 
verbal transgressions alone encounter lower psychosocial barriers 
to continued attacks compared to those receiving retaliation for 
verbal and physical offenses. 

Additionally, the majority of users tended to resort to bullying 
the robot when faced with unmet demands within a specific time-
frame. Specifically, when users lose patience, bullying behavior 
typically initiates with verbal aggression and may gradually es-
calate to physical bullying. This underscores the fact that service 
failures can readily provoke aggression. Notably, our findings reveal 
minimal differences in bullying rates across user demographics, con-
trasting with prior characterizations of bullying centered around 
peer groups, especially in peer environments [34, 40]. However, we 
demonstrated that most participants accurately perceived the pre-
defined responses, supporting the potential for customized verbal 
tactics to de-escalate rising tensions [5]. 

In this regard, we assert that our novel contribution highlights 
not only that users can actively participate in HRI studies to share 

insights in the early stages[16][44][52], but also that their insights 
can be translated into detailed interactive dialogues, robot behavior, 
and evasive strategies, serving as practical tools to address gradually 
escalating bullying in every interactive event. 

Therefore, our study underscores the value of exploring pre-
ventative approaches early on. We found that variables such as 
personalities and experiences strongly predict bullying tendencies 
even without outright aggressive acts. This suggests that further 
research into mitigation strategies tailored to individual factors 
could significantly contribute to bullying prevention efforts. 

6.4 Reflection on the Experimental Design 
Before concluding our discussion, it is essential to provide some 
insights into the rationale behind our experimental design. We 
believe this transparency is crucial for others to gain a comprehen-
sive understanding of the robustness and intricacies of our study, 
allowing them to form their own judgments for future research 
endeavors [28]. 

This study utilized a robust mixed factorial design including sim-
ulated human-robot interactions, behavioral metrics, and emotional 
self-reports to obtain different insights into bullying dynamics. Lay-
ering observational measures of bullying duration with user surveys 
and interviews provides an information-rich characterization of 
bullying antecedents, impacts, deterrents, and attitudinal shifts 
from objective and subjective lenses. 

However, even with the ability to maintain robust experimen-
tal control, simulated scenarios fall short of capturing all the nu-
anced details of real-world dynamics. Similarly, while the script 
interaction method ensures experiment reusability and convenient 
control of conditions, it diverges from authentic bullying scenar-
ios, especially those involving physical contact and verbal attacks. 
Systematically manipulating interaction constraints as an experi-
mental factor may assist in identifying thresholds where scripting 
might compromise validity. Additionally, retrospective self-reports 
are prone to recall errors or social desirability pressures, poten-
tially distorting users’ actual experiential states during bullying 
encounters. To address these issues, we integrated psychophysio-
logical measures to track emotional reactions as well as informal 
interviews, offering a complementary and explicit contribution to 
the study [35]. In that light, we believe our experimental design 
successfully contributes to measuring bullying performance across 
different aggression levels. This insight might illuminate the path 
for researchers with similar interests, guiding the design of inter-
active methods for human-robot interaction while simultaneously 
updating the functions of robots. 
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7 LIMITATION & FUTURE WORK 
The contribution of this study is based on users’ gradual reactions to 
simulated robot response behaviors and styles. However, accurately 
predicting users’ bullying of robots may also require consideration 
of their emotional states. While this study thoroughly explains 
the escalating nature of bullying behavior, the development of 
users’ pre-existing emotions and personalities throughout multiple 
interactions may influence the existing results. 

Therefore, our future work should involve assessing users’ emo-
tional states and personalities before simulating robots to better 
understand and predict the evolving user behavior during and af-
ter robot bullying incidents. Additionally, the qualitative inquiry, 
such as long-term observation in real-life scenarios, may be used 
to verify whether users’ stated reactions align with their actual 
behavior. 

Although the current simulated robots still differ from real-world 
human-robot interactions, our research results have played a vital 
role in sparking further exploration. Through the study of pro-
gressive bullying behavior, we assert that this is more suitable for 
designing a new generation of service robots and can further reduce 
the occurrence of bullying behavior. 

8 CONCLUSION 
This study importantly validates that users’ bullying behavior to-
wards robots does not occur instantly but undergoes progressive 
changes based on the duration of interaction, the mode of inter-
action, and the users’ patience levels. The research also includes 
experiments that demonstrate that when robots fail to meet users’ 
needs and expectations, engaging in anthropomorphic, empathetic, 
and interactive conversations can prompt users to reduce bullying 
behavior in public settings. Simultaneously, the explicit expression 
of bullying intentions in public scenarios can, to a certain extent, 
encourage users to decrease their bullying behavior towards robots. 
This paper provides theoretical and practical results for further 
researching new interaction methods to reduce bullying behavior 
through a progressive mode. However, bullying itself is a complex 
issue, and users’ emotions and personalities can also impact the 
interaction process. Therefore, this paper opens a room for other re-
searchers with similar interests. It can be asserted that this will play 
a crucial role in studying the practical application of interaction 
patterns in real-world scenarios. 
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