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Abstract
Purpose – Social robotics is a rapidly growing application of artificial intelligence (AI) in society,
encompassing an expanding range of applications. This paper aims to contribute to the ongoing integration of
psychology into social robotics ethics by reviewing current theories and empirical findings related to human–
robot interaction (HRI) and addressing critical points of contention within the ethics discourse.

Design/methodology/approach – The authors will explore the factors influencing the acceptance of social
robots, explore the development of relationships between humans and robots and delve into three prominent
controversies: deception, dehumanisation and violence.

Findings – The authors first propose design factors allowing for a positive interaction with the robot, and
further discuss precise dimensions to evaluate when designing a social robot to ensure ethical design
technology, building on the four ethical principles for trustworthy AI. The final section of this paper will
outline and offer explicit recommendations for future research endeavours.

Originality/value – This paper provides originality and value to the field of social robotics ethics by
integrating psychology into the ethical discourse and offering a comprehensive understanding of HRI. It
introduces three ethical dimensions and provides recommendations for implementing them, contributing to the
development of ethical design in social robots and trustworthy AI.
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1. Introduction
Social robotics is a rapidly growing application of artificial intelligence (AI) in society,
encompassing an expanding range of applications. With its inherent social nature, integrating
psychology into the multidisciplinary discussion of social robot ethics becomes an evident
avenue of research.

Early definitions described social robots as machines capable of acceptable interaction
with humans and other robots, effectively conveying intentions and collaborating to achieve
goals (Duffy et al., 1999). The applications and goals of social robots are diverse, varying
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across specific domains. Extensive literature has explored and categorised these use cases
based on their intended purposes.

As examined by Lambert et al. (2020) and Naneva et al. (2020), companion robots focus
on building relationships with owners and facilitating sustained social interaction while
providing domestic assistance. These robots align with the goal of fostering social bonds and
promoting independence among their end users. Service robots, exemplified by bellhop
prototypes in the hospitality industry, as studied by Boch et al. (2021) and Pinillos et al.
(2016), play various roles with a focus on economic productivity objectives. Care robots
target patients and health-care providers through tasks that enhance health-care delivery
(Naneva et al., 2020) or provide customised assistance to vulnerable groups (Vallor, 2011).
Some initiatives prioritise paediatric care, emphasising welfare goals (Naneva et al., 2020).
Educational robots, explored by Angel-Fernandez and Vincze (2018) and Naneva et al.
(2020), enhance learning experiences by supporting instruction and engaging learners,
aligning with instructional technology objectives. Sex robots aim to improve intimacy,
although this specific domain raises significant ethical complexities (Boch et al., 2021;
Fosch-Villaronga and Poulsen, 2020; Richardson, 2016). Furthermore, social interaction and
entertainment robots, as examined by Naneva et al. (2020) and Lambert et al. (2020),
provide valuable insights into fundamental human–robot dynamics despite lacking specific
purposes.

These diverse applications reflect evolving technological, economic and social priorities.
By examining the underlying factors and dynamics of the relationship between humans and
social robots from a psychological perspective, we can better understand the tension points in
ethical design for fostering positive human–robot interactions (HRI) and relationships.

The ethical design of social robots is a complex and multifaceted endeavour that draws
upon insights from various fields, including psychology, human–computer interaction and
ethics. In recent years, psychologists have played a crucial role in shaping the ethical design
of social robots through empirical research and the development of conceptual frameworks.

Psychology plays a crucial role in the ethical design of social robots by investigating and
informing the concept of HRI. Studies have shown that humans tend to anthropomorphise
robots, attributing human-like qualities to them, which has implications for designing social
robots that evoke emotional attachments (Smith et al., 2021). Moral psychology has also
contributed to developing ethical frameworks. For example, Malle’s model integrates
principles from moral psychology and HRI to guide ethical robot behaviours (Malle, 2016).
In addition, psychology helps underpin the psychological mechanisms underlying human
behaviour and decision-making, informing the design of social robots. For instance,
considering users’ cognitive biases and heuristics is essential, as these cognitive processes
can shape how individuals perceive and respond to robotic behaviour (Biswas and Murray,
2014).

In conclusion, the ethical design of social robots draws upon a rich body of psychological
research and theoretical frameworks. Psychologists have contributed significantly to
developing ethical guidelines and design principles for social robots by understanding how
humans perceive, interact with and are influenced by robots. As the field continues to evolve,
psychologists will undoubtedly play a central role in shaping the future of ethical social robot
design.

This paper seeks to contribute to the ongoing integration of psychology into social
robotics ethics. We aim to accomplish this by reviewing current theories and empirical
findings related to HRI and addressing critical points of contention within the ethics
discourse. This paper is structured to provide a comprehensive exploration of the ethical
design of social robots through the lens of psychological insights. The discussion begins by
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examining the moderating factors that influence the acceptance of social robots, including
cultural, appearance, engagement, behavioural and personalisation factors in Section 2. The
paper then delves into the development of human–robot relationships, exploring key
psychological theories in Section 3. Section 4 addresses potential consequences and ethical
controversies associated with social robotics, focusing on deception, manipulation,
dehumanisation and violence. Finally, in Section 5 and 6, the paper concludes with practical
recommendations for the ethical design of social robots, considering the discussed
psychological factors and ethical dimensions, and offers a roadmap for future research in this
interdisciplinary field.

2. Moderating factors of acceptance
In this section, we delve into the factors influencing the acceptance of social robots, aiming
to understand humans’ overall perceptions and receptiveness towards these machines,
building on psychology’s teachings. Accepting a technology implies having a positive
expectation and experience, which aligns with the ethical design objectives. Achieving
acceptance involves understanding the various factors influencing individuals’ attitudes
towards robots and designing robots that meet their expectations and needs. By considering
cultural factors, appearance factors, engagement factors, behavioural factors and
personalisation, designers can create social robots that foster positive interactions and adhere
to ethical principles of promoting user well-being and satisfaction.

2.1 General attitudes towards robots
Early studies provide insights into general public attitudes towards robots. According to
Dautenhahn (2007), robots tended to be primarily viewed as valuable tools to assist with
household tasks rather than as social companions. This perception of robots as appliances or
machines aligned with their initial introduction for industrial and service applications rather
than social interaction. However, more recent work has found that attitudes may depend on
direct experience with robots. Naneva et al. (2020) reviewed survey responses regarding
trust, anxiety and willingness to use robots. Overall, participants reported neutral levels of
trust and anxiety towards robots – neither explicitly trusting nor distrusting robots and
experiencing reasonably moderate anxiety. This suggests an open but cautious baseline
attitude. However, interestingly, the review found some influence of demographic factors.
Gender appeared to impact trust somewhat, with samples including more female participants
reporting higher levels of trust in robots compared to more male-dominated samples.
Furthermore, age did not significantly influence reported attitudes contrary to some
expectations.

Building on this knowledge, studies have investigated how direct engagement with robots
shapes attitudes positively. Li et al. (2010) observed strong correlations between interaction
factors like likability, trust and satisfaction with a given robot. This implies that fostering
active user participation and developing more social interaction tasks could help improve
general perceptions and, in-turn attitudes towards robots. Similarly, Leite et al. (2013) found
that increasing interaction time and frequency through varied applications may heighten user
engagement with robots.

In summary, while initial public perceptions of robots aligned with their industrial origins,
general baseline attitudes today appear cautiously open but neutral regarding trust and
anxiety. Demographic factors like gender may influence views to a degree. Most importantly,
direct experience appears instrumental in developing more positive regard, implying that
engineering social engagement can help optimise HRI outcomes.
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2.2 Cultural factor
Culture warrants in-depth investigation in the realm of technology acceptance (Oyibo and
Vassileva, 2020; Fleischmann et al., 2020; Metallo et al., 2022; Boch, 2011). Culture is
pivotal in shaping social dynamics and perspectives, as highlighted by Gelfand and Kashima
(2016). It significantly influences how individuals interact socially and perceive themselves
and others. This becomes particularly relevant when considering the development of
interactions and relationships with novel social agents, such as robots, which lack humans’
evolutionary familiarity with other humans (Kacancioğlu et al., 2012). In addition, it seems
relevant to highlight that cultural values related to robots are not static but subject to change
over time, such as in response to disruptive societal events. In the case of the COVID-19
pandemic, Schönmann et al. (2024) found that attitudes towards perceived as “sterile” social
robots in caregiving contexts shifted positively, demonstrating how moral values and
acceptance of robots can evolve even in short time intervals. The authors concluded that
attitudes towards care robots could change positively if their use addresses an urgent need.
This highlights the importance of considering culture not just as a regional concept but also
as a time and context-dependent factor that requires continuous empirical re-evaluation,
especially during periods of rapid societal change.

Notably, Eastern and Western philosophies diverge in their worldviews (Lim et al., 2021;
Kamide and Mori, 2016). The Western approach seems to emphasise constructing a
systematic understanding of phenomena, while the East seem to adopt a more holistic
perspective. Some argue that this holistic perspective makes the East more receptive to
concepts like animism, which could facilitate the acceptance of robots (MacDorman et al.,
2009). However, the increasing trend of globalisation has led to heightened cultural exposure
and fusion, potentially diluting traditional values in certain contexts (Lim et al., 2021).
Interestingly, in the context of Islamic culture, Alemi et al. (2020) emphasise that cultural
and religious values play a crucial role in accepting social robots, particularly in educational
settings in Iran. The authors argue that to be accepted, robots must align with Islamic
teachings and ethical principles, such as modesty and respect for human dignity. The
perception of robots as complementary tools rather than replacements for human roles is also
significant in shaping acceptance. In addition, traditional educational roles and community
consensus are critical factors in whether these technologies will be adopted. This underscores
the necessity of culturally sensitive design in technology implementation, particularly in
regions where religion profoundly influences cultural norms.

A critical and extensively studied cultural dimension is individualism-collectivism, which
examines how individuals define themselves in relation to others, as defined and explored by
Markus and Kitayama (1991) and Hofstede (1980). According to this theory, highly
individualistic cultures prioritise independence over relationships, whereas collectivistic
cultures emphasise interdependence (De Mooij and Hofstede, 2010). This could, thus, align
with a stronger adoption of social entities such as social robots, as demonstrated in Marchesi
et al.’s (2021) study.

Communication styles also vary considering culture, with individualistic cultures
favouring explicit communication, while collectivist cultures tend to use more implicit
communication (De Mooij and Hofstede, 2010). Differences in communication styles across
cultures extend to nonverbal cues, such as gestures, with significant social meaning
(Matsumoto, 2006; Burgoon, 1994). Interestingly, Trovato et al. (2013) found that
individuals could recognise robot emotional displays better when the robots showed facial
expressions consistent with their respective cultures’ nonverbal cues. This highlights the
relevance of adapting visual and nonverbal cues in HRI.
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Finally, numerous studies have explored how cultural backgrounds predict preferred
attitudes towards robots. Participants from Eastern collectivist cultures, such as Koreans and
Chinese, demonstrated greater engagement with service robots than German participants
from Western individualistic cultures. Furthermore, the former group found the robots more
likeable, trustworthy and satisfactory (Li et al., 2010; Bartneck et al., 2005). It is postulated
that cultures emphasising relationships may develop more positive perspectives on social
robots. In contrast, individualistic cultures with extensive exposure to industrial robots, like
Germany, may prioritise robotic tool use over companionship. To improve acceptance in
these cultures, it is crucial to emphasise the practical utility of social robots by focusing on
how they can enhance personal productivity and convenience. Highlighting these benefits
can increase their acceptance as valuable tools in daily life (Lim et al., 2021). In addition,
gradual exposure to robots in social contexts, starting with less intrusive roles, can help users
become more comfortable and eventually accept more socially interactive robots, especially
when their utility is demonstrated (Ke et al., 2020).

Consequently, a culturally aware interaction design and use case can promote acceptance
as people anthropomorphise shared identities, including communication cues (Lim et al.,
2021). However, it is important to note that cultural customisation may not always be
necessary for general tasks, as humans can interact across cultural differences (Lim et al.,
2021). In summary, cultural psychology serves as a fundamental framework for
comprehending the intricacies of HRI and acceptance.

2.3 Appearance factors
Social robots have traditionally been broadly categorised based on their physical features as
humanoid (i.e. presenting human-like features, such as Nao shown in Figure 1), zoomorphic
(i.e. presenting animal-like features, such as Paro shown in Figure 2), or do not fit within one
of these categories, such as machine-like robots (Lambert et al., 2020).

Design seems to be important in how people perceive robots and their abilities. A robot
that exhibits animal-like behaviour seems to create the illusion that it will be more
accommodating to the user’s wishes (Lambert et al., 2020). The use of zoomorphic and pet-
like robots like Paro and MiRo has been documented in, for instance, the context of entering
people’s homes and addressing the needs of specific target groups, such as older adults or
those with cognitive impairments in care settings (Henschel et al., 2021). They showed great
potential for the melioration of social skills and well-being of patients. Robotic pets are
usually an appreciated option with elderly populations as they require less care than real
animals and avoid issues like allergies and some hygiene considerations in care settings
(Hung et al., 2019).

More recently, social robots have been specified as technologies created by humans for
interaction that may somewhat physically or behaviourally resemble people, with the goal of
HRI mirroring natural human interactions, in other words, anthropomorphic interactions
(Fox and Gambino, 2021). With this in mind, many developers design social robots to
incorporate human characteristics while carefully avoiding too close an imitation that could
cause unease, a phenomenon known as the “Uncanny Valley”, initially proposed by Mori in
1970 (Pandey and Gelin, 2018). This theory suggests that as robots become more human-
like, they evoke more familiarity and likability until a certain point where the mismatch
between their appearance and their behaviour triggers a sense of unease (Ho et al., 2008).
This idea aligns with the concept of simulation theory (Turner, 1978), a well-established
theory in psychology, proposing we understand the minds of others by simulating their
situations and placing ourselves in their shoes. Furthermore, Krach et al. (2008) observed a
linear relationship between the degree of anthropomorphising and cortical activation in brain
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areas linked to the processing of other minds, also called cognitive empathy. This suggests
that when individuals anthropomorphise humanoid robots, their brain areas associated with
understanding and processing the mental states of others become more active, supporting the
Uncanny Valley theory.

Figure 1. Nao, an anthropomorphic robot
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Interestingly, anthropomorphism seems to dramatically influence people’s responses to
robots (Darling et al., 2015). In addition, even though social robots can be intentionally
designed as anthropomorphic (Breazeal, 2003; Duffy, 2003), studies have shown that people
also tend to anthropomorphise robots with non-human-like designs (Carpenter, 2013;
Knight, 2014; Paepcke and Takayama, 2010). Thus, the consequences of anthropomorphism
might not occur only in the case of humanoid robots.

When comparing the likeability variation based on design choices, Li et al. (2010) note
that zoomorphic robots are perceived as more likeable than machine-like robots, while no
significant difference in likability seems notable between anthropomorphic and zoomorphic
robots. It is worth noting that the anthropomorphic robot used in the experiment
differentiated itself from the machine-like robot through recognisable body features such as
eyes and a head. This result suggests that the mere presence of humanoid or animal-like
features can increase people’s familiarity with the robots and consequently enhance
likability. As a result, the use application of such technology is to be considered when
developing a design; zoomorphic and anthropomorphic robots may be more suitable for
entertainment and caring tasks, while machine-like robots are better suited for low-
sociability tasks such as acting as security guards (Li et al., 2010). This confirms Goetz et al.
(2003) early findings, arguing that human-like robots seem preferred for tasks requiring a
higher degree of sociability.

Further design factors also come into play when considering likeability and
acceptance. In their review, Lambert et al. (2020) highlighted that a more feminine
robot may be perceived as less threatening than a robot with a masculine appearance.

Figure 2. Paro, Zoomorphic robot representing a white baby seal
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Thus, anthropomorphism and gender association seem to impact the perceived social
qualities of robots.

Interestingly, anthropomorphism seems to also shape human empathy towards social
robots significantly (Riek et al., 2009). In a Web-based survey by Riek et al. (2009),
participants watched film clips featuring protagonists with varying degrees of human
likeness and rated their empathy towards them. The study found that people were more
empathetic towards human-like robots than mechanical-looking ones. The emotionally
evocative clips depicted humans acting cruelly towards the protagonist, while the neutral
clips showed mundane activities. Following the film clips, participants were asked to
imagine saving one of the robot protagonists in a hypothetical earthquake scenario. The
results supported the hypothesis that people exhibit greater empathy towards robots
resembling humans.

Building on this knowledge, Darling et al. (2015) conducted a study to examine the
impact of anthropomorphic framing on people’s reactions to animated robots. Participants
were asked to observe a small robotic toy called Hexbug Nano and strike it with a mallet. The
study found that participants hesitated significantly more to strike the robot when it was
introduced with anthropomorphic framing, through factors such as a name and backstory.
Darling (2015) also discovered a strong relationship between participants’ tendency for
empathic concern and their hesitation to harm robots introduced with anthropomorphic
framing. Participants exhibited empathetic responses, with many expressing concerns about
hurting the personified Hexbug. These findings highlight the influence of anthropomorphic
framing on people’s immediate reactions to robots and suggest that personifying robots or
portraying them as having lifelike experiences can elicit empathetic responses. Considering
the effects of framing, it becomes evident that designing robotic technology to accrue
experiences or personifying them can influence users’ perception of robots and enhance
emotional responses (Darling et al., 2015). Introducing robots with stories and narratives can
facilitate the adoption of robotic technology by enabling users to relate to robots on an
emotional level.

Awareness of the influence of anthropomorphism and framing in shaping empathy
towards social robots is crucial for both individuals and institutions involved in the design
and deployment of robotic technology. Understanding when and how to effectively use these
strategies can enhance users’ emotional engagement with robots, promote positive HRI and
foster acceptance of robotic technology. It might raise concerns about the consequences of
such an emotional response on users’well-being. Thus, the personalisation of the robot to the
use case and the end users, as well as an inclusive design practice in the development phase
of the tool, contribute to the ethical design of social robots in prioritising positive interactions
and meaningful engagement with humans.

In conclusion, the design choices for social robots, regardless of whether they are
anthropomorphic, zoomorphic or machine-like, play a crucial role in shaping people’s
reactions and potential empathy towards the technology. These choices affect how much
people like the robot, how familiar it feels to them and how sociable they perceive it to be.
Considering these factors is vital to ensure that humans have positive emotional experiences
when interacting with robots.

2.4 Engagement factors
If appearance is considered a critical aspect of robot acceptance and positive feelings for the
user, ethical design choices must also encompass specific behaviours and capabilities.

A longitudinal study conducted by de Graaf et al. (2015) sought to understand users’
perspectives on the characteristics of social robots. The study identified eight main social

IJOES
41,1

108

Downloaded from http://www.emerald.com/ijoes/article-pdf/41/1/101/10874009/ijoes-01-2024-0034en.pdf by guest on 20 December 2025



characteristics that users deemed crucial for a social robot to be perceived and accepted as a
social entity in their homes. The most significant factor participants identified was the robot’s
ability to engage in two-way interaction. Users had high expectations for social robots to
respond socially, and when these expectations were not met, people experienced
disappointment and dissonance. Users also emphasised the importance of robots sharing the
same environment, displaying thoughts and feelings, being socially aware, providing social
support and demonstrating autonomy. These characteristics collectively contribute to the
robot’s social presence and perceived social capabilities. While participants consistently
highlighted these five characteristics, they also mentioned three additional concepts:
cosiness, self-similarity andmutual respect. However, these concepts were deemed relatively
less relevant in users’ perspectives.

In a later study by Dereshev et al. (2019), long-term users of the humanoid Pepper robot
were interviewed to gain insights into their experiences and expectations. These participants
interacted with the Pepper robot for extended periods, from eight months to over three years.
One expectation that stood out was the robot’s ability to engage in reciprocal conversation,
aligning with de Graaf et al. (2015) findings. Participants expressed disappointment when
the robot was limited to a one-sided conversation structure similar to a smart speaker. This
finding is consistent with an earlier usability study by Rivoire and Lim (2016), which
observed a quick loss of interest among users when interacting with Pepper over several
weeks.

The phenomenon of reduced engagement over time, known as the “novelty effect”, has
been observed in various social robotics platforms (Leite et al., 2013; Tanaka et al., 2015).
However, it is essential to note that these results are subject to controversy and appear to be
context dependent (Hung et al., 2019). Further long-term studies exploring sustained
positive engagement with social robots in different contexts are necessary to gain a
comprehensive understanding of this phenomenon.

In addition, Li et al. (2010) found that participants exhibited higher levels of active
response and engagement in tasks with higher sociability, such as teaching, compared to
tasks with lower sociability, such as acting as a security guard. Moreover, engagement in
these tasks correlated more strongly with perceived likeability, trust and satisfaction than the
mere level of active response. Therefore, sustained engagement also depends on the nature of
the task and the robot’s perceived sociability.

In conclusion, specific behaviours and characteristics influence the acceptance and
sustained engagement with social robots. Ethical design choices should consider these
factors to ensure meaningful, positive and lasting interaction between humans and social
robots.

2.5 Behavioural factors
Fiske et al. (2007) identified warmth and competence as two universal dimensions in the
assessment of individuals. Warmth refers to positive social traits and emotions, while
competence is associated with perceived ability. Those evaluation criteria also seem to apply to
the human evaluation of robots. Studies conducted by Nass and Moon (2000) and Nass and
Brave (2005) revealed that people tend to attribute social qualities to autonomous agents,
including social robots, drawing from their experiences in human-to-human interactions when
interacting with non-living agents (Nass and Moon, 2000). Furthermore, the robot’s use of
warmth- or competence-based social cognitive strategies after making an error seems to
influence people’s perceptions of the robot along these dimensions (Honig and Oron-Gilad,
2018). However, it’s important to note that the effectiveness of these strategies may be
influenced by the frequency and severity of the robot’s mistakes. Studies indicate that when
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robots perform poorly, there is a noticeable drop in self-reported trust (Robinette et al., 2017). In
addition, both small and large errors during task execution adversely affect trust, with more
significant errors having a more pronounced negative impact (Aliasghari et al., 2021). While
mistakes generally reduce trust, the robot’s recovery strategy can mitigate this impact. Robots
that acknowledge their errors and communicate their intention to rectify the situation are
perceived as more trustworthy than those that do not effectively address their errors (Cameron
et al., 2021).

This is exemplified in a recent experiment by Cameron et al. (2021), where perceptions of
a mobile guide robot were examined. The robot used synthetic social behaviours to elicit
trust after making an error. The study involved 326 participants, and the results showed that
when a robot identified its mistake and communicated its intention to rectify the situation,
observers considered it more capable than a robot that only apologised for its mistake.
However, the robot that apologised was perceived as likeable and uniquely increased
people’s intention to use the robot. In this context of service, warmth seemed to be more
important than competence in the intention to use the robot.

On the other hand, using warmth-based strategies by a robot can sometimes hinder
perceptions of the robot’s competence, which is consistent with similar outcomes in human–
human interactions (Kim et al., 2006) and HRI research (Kaniarasu and Steinfeld, 2014).
This suggests that in the context of engaging with social robots in assistive contexts, factors
such as liking and warmth may have a more significant influence on people’s intentions to
use the robot compared to capability and competence, as predicted by affiliation models
(Casciaro and Sousa-Lobo, 2005; Shazi et al., 2015).

In conclusion, perceptions of warmth and competence impact individuals’ evaluations of
social robots, with warmth-based strategies influencing intentions to use the robot more
significantly than competence in social contexts. Interestingly, the dimensions of warmth and
competence underpin the stereotype content model (Nicolas et al., 2022). This model can
account for specific gender-based stereotypes concerning women, who may be perceived as
“respected or liked, but not both” (Connor et al., 2017, p.6). Crucially, although this relates to
’human’ women, there may be interesting implications and intersections with findings
concerning the warmth and competence of social robots designed to reflect ’female’
attributes.

2.6 Personalisation
The personalisation of social robots to the use case of the target users might be the best
option for positive interactions and acceptance of the technology. Personalisation involves
tailoring social responses and adapting to individual users’ preferences and needs. Studies
have shown that personalising HRI can reinforce rapport, cooperation and engagement
between humans and robots (Lee et al., 2012; Cifuentes et al., 2020). For example, a study
by Lee et al. (2012) conducted a mixed factorial study to examine the social effects of
personalisation using a robot with memory retention capabilities. The study involved
personalisation and no personalisation conditions, evaluating the social interaction and
engagement between humans and the robot. Participants, 21 individuals, were provided
snacks by a Snackbot machine over a series of weeks. The study measured various aspects of
social interaction, including self-disclosure, greeting the robot by name and self-connection.
The evaluation included questions on service satisfaction and the perceived value of the
provided service. The authors found that personalising interactions with a robot in a service
context enhanced reported scores of social interaction, cooperation and developing a
relationship between humans and robots.
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Later, Cifuentes et al. (2020) investigated inclusive design and acceptance of robots in
health care. Inclusive design is a collaborative approach that enables users to contribute to
the decision-making process of developers and deployers, ensuring that the resulting robots
are tailored to meet their unique, personalised needs. Their results highlighted the
significance of inclusive design in increasing the acceptance and effectiveness of social
robots in the context of care. Inclusive design considers the robot’s functional aspects and the
social, cultural and ethical dimensions influencing user acceptance.

3. Relationship development
We will now delve into the fascinating field of human–robot relationships, first exploring the
theoretical models used to understand these relationships and the intriguing concept of
developing empathy for robots. Furthermore, we explore the role of anthropomorphism in
the emotional connection to robots and the creation of para-social relationships. We then
further discuss this relationship’s concerns, namely, the ethical implications of deception and
the potential for excessive attachment to robots. By exploring these topics, we gain valuable
insights into the complex dynamics of human–robot relationships and the implications they
bring forth.

3.1 Models and theories of relationship
Understanding the intricacies of HRI and how the nature of these relationships may evolve is
a central aim of the HRI field of research. In their analysis, Fox and Gambino (2021)
advocate a cautious approach when exploring relationship theories in this domain.

One of the prominent theoretical frameworks in the field of human–computer interaction
(HCI) and HRI is the application of the social response theory, the “computers are social
actors” (CASA) perspective (Nass and Moon, 2000; Sung et al., 2007). This theory suggests
that humans react mindlessly and naturally to media representations, treating them like their
natural counterparts. Specifically, people tend to engage in overlearned social behaviours,
such as reciprocity and politeness, towards interactive technology (Nass and Moon, 2000;
Brave et al., 2005). CASA argues that computers can exhibit social interaction potential
through anthropomorphic appearance cues or behaviours, leading human users to respond to
them as social beings (Fox and Gambino, 2021). Empirical research has supported for
CASA’s claims, demonstrating that human–robot social interactions can be influenced by
cues such as gendered facial features and that robots, in the context of social interactions, can
create some degree of social presence and, thus, be perceived as a social entity by the user
(Eyssel and Hegel, 2012; Van Doorn et al., 2017).

However, it is essential to acknowledge the inherent limitations of social robots compared
to humans (Fox and Gambino, 2021). Many HRI studies have focused on brief, one-time
interactions that do not capture the dynamics of relationships, which crucially require
repeated exposures over time to develop familiarity between parties (Fox and Gambino,
2021). Thus, findings from one-off studies may create a misleading impression that human–
robot bonds can mirror interpersonal human–human relationships. Still, perceptions often
change as familiarity increases through longitudinal interaction, revealing the robots’
inability to meet human social and conversational standards. Maintaining familiar interaction
quality over the long term is crucial for relationship formation, and more extensive,
longitudinal investigations are needed to understand the potential for human-like
relationships with social robots (Fox and Gambino, 2021).

On the other hand, the social exchange theory posits that relationships involve reciprocal
sharing of resources between parties, a relevant framework to consider in human–robot
relationships (Roloff, 1981). Robots epistemologically do not have the personal resources,
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desires or autonomy to engage in genuine exchange, and evaluating costs and benefits is
challenging as robots lack human motivation and experience of rewards and punishments
(Roloff, 1981; Thibaut and Kelley, 1959). Moreover, robots cannot provide the depth of self-
disclosure necessary for developing intimate relationships, as they have a limited breadth of
information and lack subjective experiences (Altman and Taylor, 1973). While superficial
interactions may mimic human-like effects, robots cannot meet the fundamental
requirements for meaningful long-term interpersonal bonds as currently designed (Fox and
Gambino, 2021).

In conclusion, transferring standard relationship theories from human–human
interactions to HRIs requires caution. Social robots’ unique attributes and limitations call for
alternative frameworks that recognise the robot’s distinct nature. Approaches that draw from
the human-pet or companion perspective, as well as the exploration of superhuman relational
abilities, may offer valuable avenues for understanding and designing human–robot
relationships (Fox and Gambino, 2021; Dautenhahn, 2004; de Graaf, 2017; Krämer et al.,
2011). One paramount example of such reflection is Kate Darling’s book “The New Breed”
(2021), which proposes strong parallels between how human relationships with animals
evolved from farm tools to friends and pets. Considering our past, she assesses that a similar
pattern could happen with robots. As the field progresses, HRI designers and researchers
must explore novel relationship understanding models encompassing HRI-specific dynamics
and potentials (Riva et al., 2012).

3.2 Para-social relationship and attachment theory
The field of social robots addresses the creation of dependencies and establishing
relationships with users (de Graaf et al., 2016; Fong et al., 2003). These robots can express
social and emotional cues through physical behaviours or spoken communication, which can
foster attachment and emotional connections (Darling, 2015; García-Corretjer et al., 2023).
The degree of perceived autonomy and emotional capability in robots influences the strength
of these attachments (Turkle, 2010; Scheutz, 2012; Darling, 2016) and their perceived
animacy. The perception of animacy is influenced by robots’ displayed intelligence and
amiability, such as perceived competence and warmth (Bartneck et al., 2007; Carpenter,
2013; Knight, 2014).

Due to this emotional attachment, individuals may develop structured, genuine and
evolving one-sided relationships with social robots, also described as para-social
relationships (Schiappa et al., 2007; Perse and Rubin, 1989). While these relationships can
be experienced as authentic by users, they present both opportunities and risks, particularly
concerning emotional trust and responsibility (Glickson and Woolley, 2020; Fosch-
Villaronga et al., 2019).

The development of anthropomorphic and emotionally expressive robots has implications
for emotional trust, particularly when issues concerning responsibility arise (Fosch-
Villaronga et al., 2019). Emotional trust within these relationships is driven by irrational
factors and nurtured through affection (Glickson and Woolley, 2020). Interestingly, users
may develop loyalty and trust towards robots based on false appearances, potentially leading
to the disclosure of personal information and data that they would not usually share (Reig
et al., 2021). In vulnerable or sensitive populations, such as individuals with dementia or
autism, as well as children interacting with care or educational robots, the establishment of
para-social relationships with robots introduces unique challenges (Shamsuddin et al., 2012;
Calo et al., 2011; Angel-Fernandez and Vincze, 2018).

The consequences of para-social relationships between users and robots remain largely
unknown (Boch et al., 2021). While some argue that genuine friendship can develop between
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humans and robots (Danaher, 2019), others counter-argue the impossibility of such an
occurrence due to its conditionality (Evans, 2010). Furthermore, Nyholm and Frank (2017)
highlight the inherent deception issue in such relationships. It is essential to acknowledge
that robots do not yet possess the capacity to genuinely experience emotions. This emotional
deception occurs when users believe robots genuinely experience emotions, leading to
unrealistic expectations (Sharkey and Sharkey, 2012). This can result in users prioritising the
well-being of robots over that of other individuals or their well-being. In addition, users may
rely excessively on robots as social assistants without exercising their critical judgement
(Fulmer et al., 2009).

Linked to this type of relationship is the question of attachment. From a psychological
perspective, attachment refers to the bonds and cumulative experiences that individuals form
with other individuals or objects (Huber et al., 2016). These bonds are influenced by factors
such as shared values, attractiveness, openness and reciprocity (Huber et al., 2016).
Researchers have examined how this theory can be applied to HRI (Richardson, 2015).

The initial statement for Bowlby’s theory on attachment styles is that early attachment
experiences with caretakers shape how people respond and relate to others and result in
distinct attachment styles (Shaver et al., 2005). The theory was initially developed through
his seminal “Attachment and Loss” trilogy (Bowlby, 1982, 1984, 1998). In this work,
Bowlby proposed that children have an innate motivation to form attachments as this is
biologically driven for survival. He identified three primary attachment styles associated
with distinct emotional, cognitive and behavioural tendencies.

The first is a secure attachment style. Children with secure attachments experience
consistent and sensitive caregiving when distressed, allowing them to view the caregiver as a
safe base for exploration. This results in secure internal working models of the self as worthy
of care and relationships characterised by trust. Adults with secure styles have healthy, low-
anxiety relationships. Secondly, the anxious–ambivalent style emerges from inconsistent
caregiving responses. When needs are sometimes met but other times neglected, children
learn that caregivers cannot always be relied upon. As adults, anxious–ambivalently attached
individuals greatly desire approval and proximity, simultaneously pushing others away due
to underlying mistrust. Finally, avoidant attachment arises from caregivers not responding to
a distressed child regularly. The child then learns to deactivate their attachment system,
understanding that relying on others is ineffective. As adults, avoidant individuals emphasise
independence, avoid close connections and focus more on practical matters than emotional
intimacy due to expectations that others will not meet their needs. If this theory has been
reworked and reframed over the years, it remains a solid basis for scholarly work (Rabb
et al., 2022).

Research has found that individuals could form attachments to robots, even without
explicit attachment-inducing behaviours, if the robot possesses human or animal
characteristics (Keefer et al., 2012; Scheutz, 2012; Norris et al., 2012). Empirical work has
also been done on the topic, furthering the initial theoretical frame of understanding the
importance of attachment in HRI.

A study by Dziergwa et al. (2018) investigated interactions between three participants
with different attachment styles – secure, anxious–ambivalent and avoidant – and an
autonomous social robot they lived with for 10 days. The securely attached participants were
highly engaged with the robot, EMYS, attributing human qualities to it despite its
limitations. They found joy in teaching it colours and perceived that it could understand their
emotions. Data showed that this group interacted with the robot the most. The anxiously
attached participant focused on the robot’s technical flaws, experiencing anxiety and anger.
They wanted the robot to initiate interactions more, like greeting upon return. The avoidantly
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attached participants were satisfied but kept distant from the robot. They only interacted to
fulfil practical needs and wanted more personalised functions. Data confirmed that this group
spent the least time with the robot. Overall, results demonstrated varied satisfaction,
perceptions and opinions of the robot based on attachment style. While all became attached
to the robot or its functions, securely attached participants had the most positive experience.
Moreover, participants perceived emotions expressed similarly by the robot differently based
on their attachment. This confirms that robots need personalised characteristics for different
users’ attachment patterns.

A separate study by Pozharliev et al. (2021) found that customers with low anxious
attachment style scores responded more negatively to a frontline service robot than a human
agent and perceived less empathy. In contrast, those with high anxious attachment style
scores did not differ in their responses between their experience with their human and robot
counterparts. These findings again illustrate how attachment styles could influence HRI. As
social robots continue advancing to elicit more human-like behaviours, the potential for users
to form attachments also increases, raising ethical concerns about emotional distress during
separation from the robot (Coeckelbergh et al., 2016; Sharkey and Sharkey, 2010, 2011;
Sullins, 2012).

On the other hand, it seems crucial to acknowledge that in HRI research, attachment is
sometimes understood as Norman’s definition (Norman, 2004), stating the concept as the
sum of cumulative emotional episodes a user experiences towards a robot. Furthermore,
Rabb et al. (2022) propose an interesting attachment framework for HRI, introducing the
notion of strong and weak attachment. They define strong attachment as the presence of
attachment functions defined by psychological attachment theory, relevant proximity seeking
or separation distress behaviours and presence in a significant sense. The strong attachment
would, thus, translate into the systematic seeking of proximity when distressed, the robot’s
frequent fulfilment of security or comfort needs and potentially a high degree of distress
present upon an event of separation. This last point would confirm ethical concerns regarding
attachment to social robots. In addition, they define weak attachments as less significant
relationships, including those described by Norman, which are solely formed by cumulative
positive experience or those deemed “secondary attachments” (i.e. ones which fill in gaps
otherwise left by primary attachment figures).

In essence, psychology provides insights into the process of relationship formation, and
the acceptance criteria discussed earlier should be considered when ethically designing
social robots. This design approach aims to mitigate potential risks associated with the
technology by leveraging the dynamics of the human–robot relationship.

4. Potential consequences and ethical controversies
Further than descriptive work, empirical research and psychology can help us investigate
ethical questions and controversies the ethics community raises regarding the consequences
of human–robot relationships. Turkle (2006, 2012) and Scheutz (2012) voiced their concerns
regarding the impact of robotic technology anthropomorphisation. They expressed
apprehension that the emotional connections formed with anthropomorphised robots may
supplant human relationships, engender undesirable behaviours or render individuals
susceptible to emotional manipulation.

4.1 Deception
Deception in the context of social robots can have both harmful and beneficial aspects.
Unintentional deception may arise due to discrepancies between a robot’s behaviour and
actual capabilities, while intentional deception involves deliberately creating false

IJOES
41,1

114

Downloaded from http://www.emerald.com/ijoes/article-pdf/41/1/101/10874009/ijoes-01-2024-0034en.pdf by guest on 20 December 2025



expectations. A clear example of robots’ deception is the renowned “Turing Test”, also
known as the Imitation Game. The imitation game explores the possibility of being deceived
by machines rather than evaluating their accurate intelligence (Turing, 1950; Bertolini and
Carli, 2022) and highlights the potential for manipulation in HRIs.

Deception can manifest in various ways, including emotional deception and attachment.
Social robots are designed to elicit positive emotions and leverage anthropomorphism,
potentially leading to emotional deception (Van Maris et al., 2020). The appearance and
behaviour of social robots play a crucial role in this deception, as they can be intentionally
designed to evoke a friendly and lovable appearance (Lacey and Caudwell, 2019). However,
emotional deception can raise concerns significantly when vulnerable populations, such as
lonely older adults, develop an emotional attachment and potentially become emotionally
dependent on robots (Gillath et al., 2021).

Empirical evidence supports the ethical concerns of emotional deception and attachment
in social robotics. For example, VA Maris et al. (2020) investigated emotional deception in
interactions between social robots and older adults. The results indicated that participants
perceived the emotional robot as a social entity, suggesting some level of successful
deception. Interestingly, participants who perceived the robot as deceptive also found the
interaction more pleasant. Participants with a higher level of attachment were more
susceptible to emotional deception and potential over-trust, highlighting the risks associated
with emotional attachment to robots (VanMaris et al., 2020).

4.2 Manipulation
Another ethical concern is the possible influence of social robots on human decision-making,
regardless of attachment.

A study by Hanoch et al. (2021) measured participants’ risk-taking behaviour in the
presence of a robot. The results showed that participants encouraged by the robot took more
risks in a lab research setting, suggesting that robots can influence human decision-making to
some extent. However, it is essential to note that the initial attitude towards robots may
moderate this influence, as their influence seems lesser on individuals with a negative
attitude towards robots (Hinz et al., 2019).

Interestingly, recent research conducted by Hou et al. (2023) sheds further light on the
influence of social robots on human decision-making. Participants were paired with a human
and a robot to perform decision-making tasks in their experiment. The researchers
manipulated the power dynamics by assigning one of the entities as the leader. They created
three conditions: human as leader, robot as leader and a control condition with no power
difference. The results revealed that participants were significantly more influenced by the
leader, irrespective of whether it was a human or a robot. However, participants generally
held a more positive attitude towards the human leader than the robot leader, although they
perceived the entity in power as more competent. This suggests that social status and
perceived power play a significant role in understanding their potential impact on humans.

Another level of manipulation studied is the one on human-to-human relationships.
Sakamoto and Ono (2006) studied the impact of robots on human-to-human relationships. In
this context, they evaluated the relevance of the “balance theory” in HRI. This theory refers
to cognitive consistency, emphasising the preference for internal consistency and balance
within a cognitive system. The American Psychological Association (APA, 2023) and
Heider (1958) describe balanced systems as more stable and psychologically pleasant than
imbalanced systems, where elements within the system lack consistency. In their study,
Sakamoto and Ono (2006) used the balance theory to investigate how robot behaviour
influences human relationships within the framework of P–O–X triads. Here, P represents
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the person (self), O represents another person and X represents a stimulus or event. By
applying the balance theory, the researchers aimed to gain insights into how robots can shape
individual impressions of others, potentially impacting the stability and dynamics of human
relationships. The findings of the study demonstrate that robots could have the capacity to
both foster and disrupt human-to-human relations. Through their behaviour, robots can
influence how individuals perceive others, leading to changes in the nature of their
relationships. Consequently, this study emphasises the significant role of robots in social
dynamics and highlights the need for further exploration in this domain.

4.3 The dehumanisation of companionship and (romantic) relationships
The controversy surrounding the dehumanisation of (romantic) relationships due to social
robots has garnered significant attention from scholars and researchers. The first aspect to
consider regarding the dehumanisation of relationships is the potential long-term impact
relationships with social robots might have on human-to-human interactions regarding
empathic abilities. While empathy is an inherent trait, the manifestation of empathic
responses does not always occur automatically (Decety, 2015). Instead, these reactions
appear to be skills partially acquired through interpersonal and contextual experiences
(Tousignant et al., 2017). Darling (2016) suggests that interactions with social robots could
impede the development of general empathy due to the lack of realistic emotional responses
from robots or the widespread dehumanisation of relationships. Others support this
theoretical worry (Sharkey and Sharkey, 2012; Turkle, 2011; Fosch-Villaronga et al., 2019).

Regarding romantic relationships, critics have directed their attention towards
anthropomorphism in the context of social robots. Turkle (2010) bemoans the loss
of authenticity, distinguishing biological beings and robotic entities (Turkle, 2007). The
author also expresses worry that engaging in seductive robot relationships, which may
be perceived as less challenging than human relationships, could result in individuals
withdrawing from social interactions with friends and family (Turkle, 2010). Furthermore,
Turkle (2011) argues that using relationship robots such as sex robots may dissuade
individuals from investing the necessary effort into establishing genuine relationships with
other humans. However, regarding sex robots, the trade-offs remain largely unknown due to
a dearth of evidence-based research. While this technology may offer benefits in treating
sexual disorders and supporting disabled patients, there is a potential risk of desensitising
individuals and fostering adverse spillover effects on human interaction or objectification
(Royakkers and van Est, 2015). Without proper validation through randomised control trials,
the application of sex robots in therapeutic contexts is thought to possibly exacerbate issues
such as sexual violence (Fiske et al., 2019). Another discussion surrounding the potential
positive use of sex robots is their possible impact on reducing human trafficking and
involuntary sex work (Levy, 2007).

It is imperative to note that much of the current discourse on this topic leans towards the
philosophical realm, necessitating further research through data collection to provide more
concrete insights. Thus, there is a pressing need to bridge the gap between philosophical
debates and empirical investigations.

4.4 Violence towards robots’ impact on human-to-human interactions
The issue of violent or abusive behaviour towards social robots and its potential impact on
human-to-human interaction has emerged as a contentious topic within the discourse
surrounding social robots. Darling (2016) argues that mistreating humanoid and animal
robots could lead to negative behaviour towards sentient animals and humans. Drawing upon
Immanuel Kant’s (1784) notion that cruelty or tenderness towards animals can extend to
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humans, Darling suggests laws protecting anthropomorphic/zoomorphic robots, similar to
animal cruelty laws. Furthermore, Calo (2015) proposes the concept of a new legal subject
category, somewhere between personhood and objecthood, for social robots.

Recent research by Yamada et al. (2023) has shed light on our understanding of children’s
violence towards robots. Their study revealed a gradual process of robot abuse, akin to
human bullying, which unfolds in four distinct stages: initial approach, mild abuse, physical
abuse and serious abuse. In addition, the presence of certain environmental factors,
specifically the presence of other children, was found to play a significant role in promoting
and facilitating the progression of abuse. The study identified five key factors: the presence
of other children encourages the target child to approach the robot; if other children have
engaged in mild abuse, the target child is more likely to do the same; if other children have
resorted to physical abuse, the target child is also inclined to follow suit; engaging in joint
actions of abuse with other children escalates the severity of the target child’s abuse; and if
children around the target child encourage, the abuse escalates further. It is worth noting,
however, that not all children escalated their abuse, with a majority remaining in the mild
abuse stage. Therefore, the study suggests that precautions focused on addressing mild
abuse, which is the most common stage, may be the most effective approach to mitigating
children’s violence towards robots.

According to Darling (2015), there is a concern that engaging in violent actions towards
robots may hinder empathy development in individuals. For instance, preventing children
from vandalising robots goes beyond respecting others’ property, as lifelike robot behaviour
could influence how children treat living beings (Walk, 2016). This concern extends beyond
children, as violence towards lifelike robots may desensitise adults to violence in other
contexts (Darling, 2016). Likewise, the repeated use of robots as sexual partners may
encourage undesirable sexual acts or behaviours (Gutiu, 2016). These concerns are echoed
by Coghlan et al. (2019), who argue that social robots, behaving similarly to certain lower
animals, have the potential to elicit strong emotions such as pity, care, callousness and
cruelty. Acts of kindness or cruelty towards these robots could, thus, influence similar
responses towards nonhuman animals and humans, particularly in children whose moral
responses are still developing.

Interestingly, these concerns align with assumptions put forth by moral psychology
theories. For instance, the social learning theory proposed by Bandura and Walters (1977)
posits that learning primarily occurs through modelling, imitation and social interactions. It
suggests that behaviour development and regulation are influenced by external stimuli, such
as the influence of others, as well as external reinforcement, including praise, blame and
rewards. Bandura later expanded on this theory in 1986, introducing the social cognitive
theory, which incorporates cognitive processes, such as conceptions, judgement and
motivation, in shaping an individual’s behaviour and the environment that influences them.
According to this perspective, individuals actively interpret the outcomes of their actions,
shaping their environments and personal factors, thereby informing and modifying
subsequent behaviour. In essence, individuals learn through the experiences of positive or
negative social responses, which help them determine acceptable behaviour. This
perspective also aligns with Haidt (2001) theory of social intuitionism, which asserts that our
environment shapes our moral values. Consequently, if our environment approves certain
behaviours, we are more likely to perceive them as morally acceptable. This also resonates
with the first stage of moral development proposed by Kohlberg (1971), particularly in
children learning acceptable behaviour through punishment and reinforcement.

Finally, witnessing such behaviours could potentially induce trauma in bystanders, as
studies suggest that the neural responses activated when witnessing violence towards robots
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mirror those activated when witnessing violence towards humans (Rosenthal-von der Pütten
et al., 2013). However, it remains uncertain whether robots can alter long-term behavioural
patterns in people positively or negatively (Darling, 2015). Moreover, whether HRI is more
likely to encourage undesirable behaviour or serve as a healthy outlet for behaviour that
would otherwise have negative consequences is unclear. Nevertheless, as discussions
surrounding violent behaviour towards robots gain attention (Parke, 2015) and the
emergence of companion (and more) robots becomes a reality (Freeman, 2016; Borenstein
and Arkin, 2019), it is crucial to investigate this important question.

5. Discussion
The following discussion will outline some overarching recommendations for positive social
robot design, important ethical considerations and dimensions to consider and propose
endeavours for future research and wider applications.

5.1 General recommendations for positive social robot design
Considering the topics discussed within this paper, there are several recommendations we
propose for a positive social robot design, informed by previous research and theoretical
underpinnings from psychology. These include the important role of culture, various
engagement factors, alongside appearance, behavioural and personalisation factors.

Firstly, there are important cultural factors, concerning the communication styles and the
use case, to consider for positive social robot design. That is, there are differences concerning
technology acceptance, philosophies and communication across Western and Eastern
cultures and cultures which are individualistic versus collectivist. The following
recommendations are made:

� Adapt social robots’ communication styles and nonverbal cues to reflect cues
corresponding with the culture for better acceptance.

� Consider the use case: Collectivist cultures favour socially tasked robots (e.g.
service robots, companions) where individualistic cultures prefer robots as tools (e.g.
industrial).

In the case of Eastern cultures, their holistic perspective means they may be more receptive
to animism, facilitating their acceptance of social robots. In comparison, designing social
robots for Western cultures should consider their systematic perspective, which may be less
receptive to animism and, thus, informs their behaviour and engagement with certain social
robots. Communication is an important recommendation for design, as collectivist cultures,
which prioritise interdependence and use more implicit communication, may have a stronger
adoption of social robots, with a role focus such as service and companionship and visual and
non-verbal cues reflect that of culture. In comparison, western cultures may be more
receptive to robots as robotic tools instead of companions. These recommendations are
informed by previous research and theoretical considerations from cultural psychology and
may inform a framework for the positive design of social robots considering the impact of
culture on HRI and acceptance.

Alongside the recommendations proposed concerning cultural influences, there are
several recommendations considering the role of engagement related to the interactions,
likeability, autonomy, animacy, social support, expectations management and tasks. More
engagement means more likeability, thus, the following recommendations are made:

� The ability to engage in a two-way interaction ongoingly with, for instance, the
integration of large language models such as ChatGPT.
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� The demonstration of autonomy and animacy.
� The ability to display feelings and social support.
� A clear explanation by the robot of its abilities and limitations to manage

expectations.
� The engagement of robot is social tasks, such as teaching and service.

Engagement is the key overarching recommendation here, specifically related to the
likeability of social robots. Considering and managing the expectations of users is
significant. Users demonstrate a high expectations regarding engaging in ongoing two-way
interactions, and when their expectations of sociability exceed the robot’s capabilities, this
causes disappointment and withdrawal. In addition, the ability to demonstrate autonomy
through factors such as social awareness, providing social support, displaying thoughts and
feelings were emphasised by users. Crucially, it is important to balance the perceived
autonomy, to avoid causing unease if a social robot is too human-like. Users are more likely
to engage with and respond to tasks that exhibit higher sociability. This engagement is
correlated with perceived likeability and trust, which are linked to the appearance and
behavioural recommendations below.

Finally, adhering to findings from previous research, there are crucial recommendations
when designing social robots appearance, considering the appearance, behavioural and
personalisation factors, some of which overlap with previous recommendations concerning
engagement. The following recommendations are made:

� Zoomorphic, anthropomorphic and feminised robots are more likeable than
machine-like robots for tasks requiring social qualities, thus, consider the
overarching design choice based on the tasks performed.

� Implement behavioural warmth-based strategies (e.g. apologies) over competent
ones (e.g. path to resolution of the problem) to increase likeability and cooperation
with the robot.

� Ongoing personalised interactions enhance the positive perception, thus, ensure the
robot has an ability to adapt to the user it is talking with.

This ability to adapt is increasingly driven by advances in AI, for instance, through methods
like continual learning (CL), lifelong learning and meta-learning. CL enables robots to adapt
their perception and behaviour models in real time to cater to individual user preferences,
significantly improving the robot’s likability and emotional understanding (Churamani et al.,
2022). Lifelong learning ensures that robots adapt to evolving user preferences and contexts
over time, maintaining engagement and inclusivity in various settings (Irfan et al., 2023).
Meta-learning allows robots to rapidly adjust to new users with minimal data, enhancing
their ability to accurately predict and respond to individual movements and actions (Moon
and Seo, 2021). Hybrid hierarchical learning architectures can further refine personalisation
by tailoring robot behaviours based on static and dynamic user characteristics, such as
cognitive biases and emotional states, thereby improving the effectiveness of social
interactions (Saunderson and Nejat, 2022). Personalised interactions through AI-driven
natural dialogue strategies can enhance user trust and acceptance, particularly in household
and service settings, by collecting and adapting to individual preferences (Kraus et al., 2022).
These AI-driven personalisation methods are integral to ensuring that social robots are
effective in performing their tasks and capable of creating meaningful and positive HRIs.

Considering previous research, zoomorphic anthropomorphic and feminised robots
are more likeable and, thus, recommended for tasks requiring social qualities, where
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machine-like designs are recommended for low-sociability tasks. In particular, zoomorphic
designs may be an optimal choice when targeting an older user base. There is the crucial
balance when designing social robots, to avoid too close of an imitation to human appearance
and behaviours to avoid unease, instead promoting likeability and positive user engagement
and experiences. Alongside the role of appearance, the behaviours of the robots could be
tailored considering the user perceptions, engagement and experience. Founded on research
exploring warmth and competence, a robot with behaviours reflective of warmth can
significantly impact on user intentions compared to perceived capability and competence. In
addition, allowing for personalisation, where robots are tailored to user needs and
preferences can enhance social interaction, cooperation, acceptance and perceived
effectiveness of robots. These recommendations may be considered simultaneously for
various contexts. For example, in the context of older adults in care settings, a social robot
reflective of a zoomorphic appearance, with a focus of warmth-based behavioural strategies,
with user personalisation, tailoring to their needs, may promote reflecting acceptance,
likeability, positive HRI andmeaningful engagement.

A wide range of recommendations for the design of social robots are outlined above.
Crucially, further research on the validity and ease of application of these recommendations
will encourage the validity of these recommendations. Furthermore, to ensure widespread
implementation of these recommendations, precise tools for assessments and established
frameworks need to be designed. Notably, the ethical implications of trusting social robots
are complex and multi-faceted. Trust in these systems can lead to beneficial outcomes, such
as increased user engagement and the practical completion of tasks. However, this trust also
introduces ethical challenges, particularly around the diffusion of responsibility. As robots
become more autonomous and are perceived as partners rather than tools, there is a risk that
users may begin to delegate too much responsibility to these machines, potentially leading to
reduced accountability and the erosion of moral agency in human decision-making (Carli
and Najjar, 2021). Furthermore, recent research emphasises that the concept of responsibility
in robotics is not monolithic. Instead, it is shaped by different and sometimes conflicting
ideas of responsibility. This diffusion of responsibility can create ethical dilemmas,
particularly when robots are expected to act autonomously and make decisions that
traditionally require human judgement. The complexity of assigning responsibility in these
contexts underlines the need for robust ethical frameworks that address the potential for
irresponsibility in robot design and deployment (Liu and Zawieska, 2020). Indeed, building
trust in AI systems, including social robots, necessitates a foundation of ethical governance.
This involves ensuring transparency and fairness and recognising and mitigating the risks
associated with overtrust. Overtrust in robots can lead to users abdicating responsibility,
which poses significant ethical challenges, particularly in scenarios where human oversight
is crucial. Thus, fostering appropriate levels of trust without encouraging overreliance is
essential (Winfield and Jirotka, 2018). Therefore, these recommendations for positive social
robot design should be informed by and adhere to important ethical considerations
highlighted throughout this paper. The following section will propose dimensions to evaluate
and ensure the ethical design of social robots.

5.2 Ethical dimensions and risk mitigation measures
Discussing the ambivalence of building trust and responsibility in social robots seems
paramount. The growing integration of social robots into various facets of daily life has
brought about significant advancements in HRI. However, these advancements also raise
complex ethical concerns, particularly surrounding the ambivalence of trust and the diffusion
of responsibility. As social robots become more anthropomorphic or zoomorphic, they can
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more easily elicit trust from users. While this trust can enhance engagement and improve
task completion, it simultaneously introduces the risk of users over-relying on these
machines, treating them as partners rather than tools. This shift in perception can lead to
delegating critical responsibilities to robots, which may have detrimental social effects, such
as reduced human agency and accountability.

Recent research highlights the dual-edged nature of trust in social robots. On one hand,
trust is essential for the acceptance and effectiveness of robots in social settings. On the other
hand, this trust must be carefully managed to avoid scenarios where users abdicate
responsibility, leading to ethical dilemmas and potential harm (Carli and Najjar, 2021). The
ethical ambivalence of trust necessitates a balanced approach in robot design and
deployment, ensuring that trust does not erode humanmoral agency.

The diffusion of responsibility is another critical ethical issue arising from social
robots’ increasing autonomy. As robots present more sophisticated decision-making
capabilities, there is a growing risk that users may defer their moral and ethical
responsibilities to these machines. This phenomenon is particularly concerning in
contexts where the robot’s decisions carry significant consequences, such as in health-care
or elder-care settings. The ambiguity in assigning responsibility in such scenarios can lead
to a lack of accountability, undermining the ethical foundation of HRI. Studies have
shown that the concept of responsibility in robotics is inherently fragmented and shaped
by varying interpretations of what it means to be responsible in a socio-technical context.
The challenge lies in ensuring that while robots may assist in decision-making, the
ultimate responsibility remains with human users or operators (Liu and Zawieska, 2020).
To address this, ethical frameworks must be developed that delineate the roles and
responsibilities of humans and robots, ensuring that robots are used as tools to enhance
human decision-making rather than replace it.

Finally, to mitigate the ethical risks associated with trust and responsibility diffusion, it is
crucial to implement strategies that promote transparency, accountability and informed
decision-making in HRI. For instance, the design of social robots should incorporate
mechanisms that regularly remind users of the robot’s limitations and the boundaries of its
decision-making capabilities. In addition, robots should be designed to encourage shared
decision-making processes, where the robot’s role is clearly defined as supportive rather than
directive (Henriksen et al., 2021).

Moreover, there should be continuous monitoring and assessment of HRI to identify and
address instances where responsibility may be inappropriately shifted to robots. This
includes the development of accountability frameworks that hold developers, operators and
users responsible for the actions and decisions made by robots under their control. Such
frameworks are essential for maintaining ethical standards in deploying social robots and
preventing the negative social impacts that can arise from the misuse of trust and the
diffusion of responsibility.

Addressing specific ethical recommendations, the European Union approach outlines
four fundamental ethical principles that should guide the development of trustworthy AI
(HLEG, 2019). Firstly, systems must respect human autonomy by empowering users and
ensuring oversight rather than manipulation. Secondly, they must aim to prevent harm and
protect human well-being, dignity and safety. Thirdly, fairness is crucial – benefits and costs
should be distributed justly without unacceptable bias or impacts on opportunities. Fourthly,
explicability requires transparency about a system’s capabilities and purpose while ensuring
decisions can be explained and contested.

Here, we propose precise dimensions to evaluate when designing a social robot to ensure
ethical design technology, building on those principles.
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Firstly, the personalisation dimension aligns with the principles of autonomy and fairness.
Allowing users meaningful choices in customising robots respects their preferences and
autonomy. Inclusive design fosters equitable experiences. The corresponding dimensions are:

� Consider user preferences and offer customisation options with consent:
– Allow customisation of the robot’s appearance, name and responses based on

user input (e.g. initiating interactions, greetings upon return, etc.).
� Understand diverse user needs through inclusive design:

– Include a range of users from the design phase for ethical, social and cultural
perspectives.

– Develop visual/behaviour guidelines based on age and ability to mitigate
deception risks.

– Gather feedback and iteratively update personalisation based on user testing and
ongoing experience.

Secondly, the dimension of transparency, conceptualised here as the information deployed by
the robot, allows for the understanding of the robot’s abilities and limitations. This directly
links to respecting users’ autonomy by empowering them with appropriate expectations. It
also enables the explicability and contestability of robot decisions and behaviour. Moreover,
addressing potential overtrust issues through informed data practices and privacy protections
respects autonomy through valid consent. This fosters explicability, fairness and equitable
treatment of personal information. The outlined dimensions are:

� Outline functional limitations upfront:
– State what the robot can/cannot do, using simple, unambiguous terms catering to

layperson users.
– Repeat limitation disclosures regularly in interactions.
– Describe response capabilities and biases transparently, such as known limitations

in the training data (e.g. “I was trained to assist adults, I am not adequate to play
with children”).

� Tailor the robot to a supportive tool role:
– Label it clearly as technology, not social relationship replacement, and have the

robot express this.
– Design interactions to enhance, rather than replace, human connections (e.g.

facilitate calls with family members or social relations).
� Manage expectations of social–emotional responses:

– Specifically note the lack of emotional or social abilities beyond programming.
– Communicate context triggers for emotional expressions.

� Ensure well-informed consent for data practices:
– Clearly explain what information is collected and how it is used.
– Obtain explicit consent and provide layperson privacy controls (e.g. every six

months, re-ask the user to select their privacy settings choices).
– Answer users’ questions about data to establish accountability and promote trust.

Finally, implementing a dimension of safeguards such as restrictions on emotional support or
targeted training responses prevents potential harm from abuse or overreliance. This upholds
human dignity, safety and care for vulnerable individuals. The dimensions are:
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� Implement strict user restrictions to prevent harm:
– Limit display of emotion/support to avoid dependency or separation distress.
– Enforce maximum interaction periods considering various well-being indicators

(e.g. based on age, cognitive abilities, feedback from the user, etc.).
– Shut down the robot passively in response to physical/emotional abuse.

� Provide alternative outlets for needs:
– Signpost human/community supports for high-risk users.
– Direct users to counselling for recurring distress or harmful behaviours.
– Equip robot responses to de-escalate stress and redirect to calm activities.

� Obtain oversight and feedback:
– Consult experts in relevant fields, such as psychology or caregiving, throughout

design and development processes and following implementation.
– Continuously improve through transparent evaluation programs.
– Rapidly disable any functionality proven to endanger well-being.

� Propose and develop non-gendered robots to reduce the risks associated with gender
association and the reinforcement of gender stereotypes.

In summary, we propose a set of precise dimensions for the ethical design of social robots
based on an analysis of the literature and grounded in the European principles of trustworthy
AI. By carefully considering personalisation, transparency and safeguards from the early
stages of ideation through the entire development process, designers can better respect
human values like autonomy, well-being, fairness and accountability. The dimensions offer
tangible yet flexible guidance for balancing benefits and risks to maximise social robot
potential, while minimising harm stemming from the relationship. As evaluations continue
and use cases expand in real-world contexts, ongoing refinement will ensure these proposals
evolve supported by emerging evidence. Establishing a foundation attentive to
psychological, social and ethical issues from the start can help deliver compassionate
technologies that empower all members of society, consistent with the overarching vision of
the approach to ethical by design AI.

5.3 Outlook and future research
As outlined throughout this review, an interdisciplinary approach is imperative when
designing positive social robots to understand the endeavours and ethical design of HRIs.
Crucially, although the review and recommendations are informed by findings from an
abundance of research and crucial psychological theoretical frameworks, there are ongoing
challenges within the field to be addressed. The final section of this paper will outline and
offer recommendations for future research, such as the need for rigorous findings generated
from longitudinal studies, the important development of tools and assessment of the
psychological impact on users, and the important real-world impact and legal protections.

Advancing the field of HRI in an ethically grounded manner will require addressing
several well-defined methodological and conceptual challenges. Precisely quantifying
psychological impacts will necessitate validated measurement tools. Variables such as
changes to cognitive performance, social skills acquisition and variations in subjective well-
being must be reliably assessed through standardised instruments. Careful consideration of
potential moderators like age, gender or baseline characteristics will also be important to
comprehensively capture individual differences in outcomes. However, to truly discern
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interaction dynamics and long-term effects, investigations should operationally define
research designs capable of prospectively tracking partnerships over extended durations. For
example, randomised controlled trials with longitudinal follow-ups in scheduled intervals
could provide rigorous data on the stability and direction of relationship quality indicators
across maturational phases. Moreover, to conceptually represent observed experiences,
theoretical frameworks must be pragmatically reviewed and revised.

Multidisciplinary research teams should systematically develop taxonomies and models
incorporating technical, learning-related and socio-relational constructs through iterative
evaluation. Rigorous qualitative methods, such as focused ethnography or structured
observational coding schemes, can provide in-depth user data, aiding conceptual refinement.
Relatedly, socio-legal perspectives need to be integrated through policy pilot studies.
Experimental variations in marketing messaging, risk disclosure formats or permissible use
cases could inform regulatory proposals aimed at optimising benefits while preventing
misuse. Overall, advancing the field in an evidence-based yet inclusive manner will require
forging collaborations between technical, behavioural and social scientists. Their combined
efforts, operating within a clearly defined, rigorous, mixed-methods investigative plan, offer
the most promising approach for continuing to build knowledge responsibly.

Across these various avenues, future research will significantly benefit from a cross-
disciplinary approach, intersecting the perspectives of HRI, psychology, education and law,
to continuously evaluate the real-world impacts and, thus, guide the development of
responsible social robot design founded on empirical evidence as the field rapidly progresses.
Fostering a multidisciplinary approach, using expert oversight and feedback throughout the
development of positive social robot design, ensures this is founded on rigorous research
with an extensive scope.

6. Conclusion
In conclusion, this comprehensive review delved into the intersection of psychology and
social robotics to inform the ethical design of robots. By examining various factors that
influence HRIs and relationships, this study provided valuable insights for the development
of social robots in an ethical manner. The evidence demonstrates that appearance, behaviour,
emotional expression, personalisation and perceived autonomy are pivotal in fostering
positive engagement and acceptance of social robots. Therefore, it is crucial to consider
elements like gender cues, personalised memory, warmth expressions and inclusive design to
cultivate beneficial relationships.

Although further research is still needed, these findings establish best practices for user-
centred development approaches. Individuals’ perceptions of robots in terms of attributes,
such as social competence and warmth, directly impacts the formation of bonds over time.
While anthropomorphism cues can foster empathy and attachments, it is important to
acknowledge that robots cannot fully replicate human relationship dynamics. Consequently,
it is necessary to consider non-reciprocal, guidance-based bonds instead of attempting to
translate human frameworks directly to robots.

Studies indicate that para-social and attachment relations can form with social robots, but
developers must carefully balance the opportunities and risks involved. Relying solely on
cue-based bonds for emotional connection can lead to unrealistic expectations, manipulation
or over-reliance, which may harm well-being. Therefore, it is essential to ensure that users
understand the limitations of robots while designing them to provide personalised support,
thus better serving the goals of the relationship.

Concerns regarding dehumanisation arise when robot relationships replace rather than
complement valuable human connections. Negative impacts can arise if robot bonds
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substitute for social engagement and fail to alleviate pressures such as isolation. In
addition, worries about manipulation stem from inappropriate influence over decisions or
the creation of unrealistic perceptions without transparency. Further research is
necessary to validate these concerns and identify effective mitigation strategies.
However, principles such as emphasising the role of robots as tools to enhance
relationships rather than replace them, educating users, ensuring transparency of robot
capabilities and personalising robots to the users’ needs could help proactively address
these critiques.

Overall, a balanced and evidence-guided approach that avoids premature bans but
safeguards users appears to be the most viable path forward. While progress in social
robotics undoubtedly brings benefits, it also entails responsibility. The conclusions drawn
from this review underscore the importance of considering diverse perspectives, including
technical, psychological and ethical lenses. By using frameworks that prioritise relationships
grounded in mutual guidance and well-being, we can safely unlock social robotics’ potential
rewards as the field continues to mature through thoughtful and collaborative efforts.
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