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The concept of anthropomorphism is crucial in enhancing interactions
between service robots and humans, serving as a key consideration in the
design of these robots. Nevertheless, the specific mechanisms by which
the anthropomorphic traits of service robots influence customer behavioral
responses remain inadequately understood. Furthermore, the incorporation
of anthropomorphic robotic technology into customer service operational
strategies presents a significant challenge for businesses. To explore the
underlying mechanisms through which the anthropomorphic characteristics of
service robots impact customer acceptance, this study conducted a series of six
experiments to empirically test the proposed hypotheses. The empirical findings
indicate notable differences in customer switching behaviors and selection
quantity metrics, which can be linked to service contexts characterized by
varying degrees of behavioral anthropomorphism. Additionally, social presence
has been identified as a mediating variable that affects the relationship
between the anthropomorphism of service robot behavior and its influence
on customer variety-seeking behavior. The situational context of customer
decision-making is also found to moderate the relationship between social
presence and variety-seeking behavior. Consequently, it is recommended that
service organizations implement service robots with diverse anthropomorphic
features to enhance customer acquisition, cultivate loyalty, and improve overall
marketing effectiveness.

KEYWORDS

service robot, behavioral anthropomorphism, variety-seeking behavior, social presence,
consumer decision-making context

1 Introduction

In recent years, the deployment of service robots has become increasingly prevalent
across various service sectors, including healthcare, retail, hospitality, and food service
(Mende et al., 2019). Service robots, enhanced by artificial intelligence, are system-
oriented machines designed to engage in interaction, facilitate communication, and

Frontiers in Robotics and AI 01 frontiersin.org

https://www.frontiersin.org/journals/robotics-and-ai
https://www.frontiersin.org/journals/robotics-and-ai#editorial-board
https://doi.org/10.3389/frobt.2025.1503622
https://crossmark.crossref.org/dialog/?doi=10.3389/frobt.2025.1503622&domain=pdf&date_stamp=2025-01-28
mailto:liuwenchao211@jlufe.edu.cn
mailto:liuwenchao211@jlufe.edu.cn
https://doi.org/10.3389/frobt.2025.1503622
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/frobt.2025.1503622/full
https://www.frontiersin.org/articles/10.3389/frobt.2025.1503622/full
https://www.frontiersin.org/articles/10.3389/frobt.2025.1503622/full
https://www.frontiersin.org/articles/10.3389/frobt.2025.1503622/full
https://www.frontiersin.org/articles/10.3389/frobt.2025.1503622/full
https://www.frontiersin.org/articles/10.3389/frobt.2025.1503622/full
https://www.frontiersin.org/journals/robotics-and-ai
https://www.frontiersin.org


Liu et al. 10.3389/frobt.2025.1503622

provide customer services in the capacity of AI service agents
(Wirtz et al., 2018). Service robots possess the capability
to make autonomous decisions by utilizing data obtained
from a range of sensors, thereby enabling them to adapt to
specific situations (Lu et al., 2019). This trend has enabled
service providers to enhance the efficiency and quality of
their offerings. Projections indicate that by 2025, humanoid
service robots will be further integrated into diverse service
experiences (Van Doorn et al., 2017). However, the successful
incorporation of robotic technology into customer service remains
a significant challenge for many service organizations. A key
aspect of service robots is their personification (Zeller and Smith,
2014), which is critical for fostering trust, enhancing social
interaction, and encouraging human-robot connections (Li et al.,
2010). Consequently, anthropomorphism has emerged as a
vital variable in the design of service robots. Nevertheless,
determining the optimal application of anthropomorphic features
in customer service operations presents a considerable challenge
for service enterprises.

The anthropomorphism of service robots’ manifests not only
in their physical design but also in their behavioral attributes.
The degree of anthropomorphism in service robots can influence
consumer responses and their interactions with both employees
and other customers within social contexts (Duffy, 2003).
Service robots that embody anthropomorphic characteristics
and incorporate advanced technologies can offer customers
innovative and distinctive service experiences, thereby heightening
their engagement and interest (Kozinets et al., 2017), as well
as stimulating compensatory consumption and diverse seeking
behaviors (Mende et al., 2019). Variety-seeking is a significant
characteristic and selection strategy employed by consumers during
the acquisition of products (McAlister, 1982; Liu et al., 2015). This
behavior reflects consumers’ inclination to seek diversity in their
choices of goods and services (Olsen et al., 2016). Currently, there
is a paucity of research addressing the marketing implications of
service robots, particularly concerning the unique attributes of
anthropomorphism and its overall impact on consumers (Huang
and Rust, 2018). The extent to which service robots should exhibit
anthropomorphic cues, alongwith the specific consumer and service
provider reactions elicited by these robots in commercial settings,
has not been thoroughly examined (Belanche et al., 2020). The
levels of customer acceptance and interaction modalities represent
significant barriers to the adoption of service robots by many
organizations (Castelo et al., 2019). While the application and
enhancement of anthropomorphic features may facilitate greater
acceptance of service robots, the mechanisms through which these
features influence customer willingness to accept such technology
remain inadequately elucidated. Therefore, to investigate the
intrinsicmechanisms bywhich the anthropomorphic characteristics
of service robots affect customer acceptance, it is essential to
consider not only the design of the robots but also the characteristics
of the customers and the nature of service interactions. This
approach will aid in establishing a meaningful research framework
and assist practitioners in increasing the likelihood of successfully
implementing service robots.

The organization of the subsequent sections of this study is
as follows: Section 2 presents a succinct review of the relevant
literature. Section 3 outlines the theoretical framework for analysis

and articulates the research hypotheses. In Section 4, we detail both
the pre-experimental and formal experimental designs. Section 5
discusses the experimental results and their implications. Section 6
addresses the conclusions drawn from the study, acknowledges
its limitations, and suggests avenues for future research. To
enhance clarity, certain experimental materials are provided
in Appendix A.

2 Literature review

2.1 Anthropomorphism of service robots

Anthropomorphism refers to the inclination of individuals to
ascribe human-like characteristics, motivations, intentions, and
emotions to both imagined and actual behaviors of non-human
entities (Epley, 2018). For robots to facilitate meaningful social
interactions with humans, they must exhibit a certain level of
personification in either their form or behavior (Duffy, 2003).
Anthropomorphism refers to the extent to which consumers ascribe
human-like traits to service robots (Blut et al., 2021). Empirical
studies suggest that this phenomenon is shaped by consumers’
evaluations of the technology’s human-like attributes, including
its physical appearance, nomenclature, facial characteristics,
and perceived level of autonomy (Belk et al., 2023). The
anthropomorphic design of robots is primarily manifested in two
dimensions: appearance and behavior. The anthropomorphism
of appearance pertains to the extent to which a robot visually
resembles a human. This may include features such as a face or
a human-like body, which shape human perceptions of robotic
appearance (Aggarwal and McGill, 2007). Walters et al. (2008)
categorized service robots into three classifications--mechanical
robots, humanoid robots, and android robots--based on the degree
of anthropomorphism in their appearance. Among these categories,
mechanical robots exhibit the lowest level of anthropomorphic
appearance, while android robots display the highest level.
Conversely, the anthropomorphism of behavior relates to the
extent to which a robot emulates human behavior and is capable
of expressing emotions through body movements, vocalizations,
and linguistic content during interactions, thereby demonstrating
human-like characteristics (Bates, 1994). Kim et al. (2019)
differentiated robot behavior into high and low anthropomorphic
states based on the degree of anthropomorphism. In a highly
anthropomorphic behavioral state, service robots are capable
of executing limb movements, nodding, altering body posture,
modulating vocal intensity, and conveying emotions through
language (Kim et al., 2019). In contrast, a low anthropomorphic
behavioral state is characterized byminimal physical movement and
emotional expression. In the research undertaken by Lu et al. (2021),
the notion of humanlike appearance is confined exclusively to the
physical attributes of the service robot, which consequently limits
the scope for diverse interpretations of its visual representation.
Furthermore, the concept of human-likeness in linguistic style refers
to the extent to which the robotic server replicates the behavior of
human service staff by employing a literal rather than a figurative
mode of communication.

Anthropomorphismplays a significant role in facilitating human
acceptance of robots and serves as a fundamental framework for
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understanding consumer responses to robotic entities (Kim et al.,
2019). From a design perspective, robots can elicit immediate
human reactions to life-like or social cues without necessitating
extensive cognitive processing. Consequently, individuals tend to
apply established social interaction patterns and norms, typically
reserved for human interactions, to their engagements with robots
(Lee et al., 2005). From a human-centered cognitive standpoint,
individuals articulate their comprehension of robotic functionality
through specific psychological models. The anthropomorphism
of both the appearance and behavior of service robots reflects
consumers’ social cognition regarding these entities, viewed through
the emotional lens of static impressions and the interactive lens of
dynamic behavior. Specifically, appearance personification conveys
static visual cues, while behavior personification communicates
dynamic visual cues to consumers. Research indicates that dynamic
visual cues are more effective than static cues in enabling
consumers to extract nuanced information (Tidbury et al., 2016).
The humanoid design of robots invokes associations with human
physical characteristics; thus, the presence of more human-
like features enhances the robot’s attractiveness (MacInnis and
Folkes, 2017). Furthermore, when robots exhibit outgoing and
cheerful behaviors, they are more likely to be accepted and
followed by individuals (Goetz et al., 2003). Human-like behavior
fosters the attribution of human cognitive processes to robots
(MacInnis and Folkes, 2017), suggesting that if robots mimic
human actions, individuals may apply their psychological models
of human behavior to interpret robotic behavior (Lee et al., 2005).
Consequently, consumers may respond to robotic services in a
manner analogous to their responses to human services (Kim et al.,
2016). Empirical studies suggest that robots possessing human-
like traits elicit more pronounced social responses from individuals
than those that are less anthropomorphic, potentially affecting
perceptions of robotic agency (Kiesler et al., 2008). In particular,
there is a positive correlation between the extent of a robot’s
human resemblance and the propensity of individuals to ascribe
agency to it, as well as to acknowledge its ability to engage in
social interactions (Garvey et al., 2023). The anthropomorphism
of service robots can engender a heightened sense of immersion
for consumers, thereby establishing a social presence within
the framework of human-computer interaction. However, an
overreliance on anthropomorphic designs, particularly in the case
of humanoid robots that closely resemble humans yet remain
artificial, may lead to the uncanny valley phenomenon (Mori et al.,
2012). This effect can evoke feelings of discomfort or alienation
among individuals and may even incite technological biases, such
as “speciesism” (Kim et al., 2019).

2.2 Social presence

Social presence pertains to the subjective experience of social
agents, including humanoid intelligence, and encompasses the
sensation of co-presence with others (Biocca et al., 2003). Within
the context of robotic service environments, it is defined as the
degree to which robotic technology engenders a perception of
another social entity’s presence among customers (Van Doorn et al.,
2017). The process of anthropomorphism transforms robots from
mere emotionless machines into entities capable of forming social

and emotional connections with human counterparts. In the realm
of human-computer interaction, the absence of a robust sense
of social presence reduces the experience of social robots to a
mere physical interaction with artificial entities (Fong et al., 2003).
The primary objective in the design of social robots within this
field is to facilitate a sense of social presence for users during
their interactions (Lee et al., 2011). To achieve a genuine social
experience in human-computer interaction, social robots must
demonstrate a range of behaviors akin to those of real social actors.
The level of immersion serves as a critical indicator of social
presence, with the capacity to facilitate face-to-face interactions
being a significant criterion for the successful establishment of
social presence (Catherine et al., 2018). The visual representation
of interactive objects can signify their degree of “authenticity” and
“humanization,” whereby increased interaction with these objects
correlates with heightened social presence. Furthermore, tactile
feedback plays a vital role in enhancing the sense of social presence
(Catherine et al., 2018).

The concept of social presence exerts a multifaceted influence
on consumer attitudes and behaviors related to consumption.
According to social impact theory, both the quantity of social
participants (referred to as social scale) and the degree of
social directness (or proximity) inherent in social presence can
significantly affect consumer emotions and self-representation
behaviors, ultimately shaping purchasing decisions (Argo et al.,
2005). An increase in the scale of social presence is associated
with heightened negative emotions and a greater emphasis on
impression management among consumers. In response to these
negative emotions and the need to maintain a favorable self-
image, consumers tend to engage in a broader range of choices
during the purchasing process. Furthermore, social presence has
been shown to enhance consumers’ perceptions of safety and
positively influence their purchasing attitudes (Wang et al., 2015),
thereby affecting their behavioral intentions and trust within service
contexts. Research conducted by Van Doorn et al. (2017) indicates
that social presence impacts consumers’ social cognition and
psychological ownership of interactive objects, which subsequently
influences consumer satisfaction, loyalty, and repurchase intentions.
Additionally, Xie et al. (2019) highlighted the role of social
presence in shaping consumer conformity behaviors. Clearly,
social presence has emerged as a significant variable affecting
consumer decision-making processes. In the context of human-
robot interaction, perceived social presence refers to the degree
to which individuals perceive a machine as genuinely present
(Heerink et al., 2010). van Doorn et al. (2017) proposed the
concept of perceived social presence, defining it as “the extent
to which machines (such as robots) evoke in consumers the
sensation of being in the presence of another social entity.” Social
presence holds significant implications in human-robot interaction
(HRI), as fostering a robust sense of social presence during
these interactions is often considered the primary objective in the
design of socially interactive robots (Fong et al., 2003). Social
interactions are not solely confined to human beings; rather,
technologies have the capacity to replicate human characteristics in
both appearance and behavior (Caić et al., 2020). Such interactions
between technology and humans are frequently characterized as
quasi-social interactions (Carlos et al., 2024).
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2.3 Variety-seeking

Variety-seeking is a significant characteristic and selection
strategy employed by consumers during the acquisition of
products (McAlister, 1982; Liu et al., 2015). This behavior reflects
consumers’ inclination to seek diversity in their choices of goods
and services (Olsen et al., 2016). Academic research offers
two primary interpretations of this phenomenon (Sevilla et al.,
2019). The first interpretation emphasizes decision-making over
time, characterizing diversity seeking as the extent to which
consumers switch between various options within the same product
category (Mcalister and Pessemier, 1982). For instance, Kahn et al.
(1986) posited that the pursuit of diversity represents consumers’
tendency to diverge from their previous brand purchases. Similarly,
Sevilla et al. (2019) contended that diversity seeking manifests as a
preference for selecting alternatives that differ from prior choices,
suggesting that even alternating between two options can elicit
change-seeking behavior. The second interpretation focuses on the
quantity of distinct items selected within a consumer’s purchasing
history or product portfolio (Ratner and Kahn, 2002). Gullo et al.
(2019) defined diversity seeking as the ratio of unique product
categories acquired within a specific category relative to the total
number of items purchased, which can also be conceptualized as
a function of the combinations of consumer choices (Sevilla et al.,
2019). Consequently, consumer variety-seeking can be articulated
as the degree of transition between new and existing products
or different brands within the same product category, as well
as the quantity and proportion of varied items in consumers’
decision-making processes.

From a social psychology perspective, individuals’ behaviors in
seeking diversity can be categorized into two types: true variety-
seeking and derived variety-seeking (Mcalister and Pessemier, 1982;
Van Trijp et al., 1996). The distinction between these two types
lies in the underlying motivation for the observed transformational
behavior, which can be either intrinsic or extrinsic in nature
(Mcalister and Pessemier, 1982). True variety-seeking is posited
to arise from intrinsic motivations, where individuals pursue
diversity driven by a desire for change, novelty, or satisfaction
with product attributes. In contrast, derived variety-seeking is
influenced by external motivations that are not directly linked
to an individual’s intrinsic desire for diversity (Mcalister and
Pessemier, 1982). Furthermore, research indicates that various
factors, including personal characteristics of consumers, product
attributes, and environmental or stimulating factors, significantly
influence variety-seeking behavior (Gullo et al., 2019; Song and
Liu, 2020). Notably, elements such as the composition and size of
the product selection set, the complexity of the consumer decision-
making context, and the dimensions of the spatial environment are
recognized as critical environmental factors that impact consumers’
variety-seeking behavior (Gullo et al., 2019; Levav and Zhu, 2009),
garnering increasing attention from scholars in the field.

A service robot functions via an integrated control system
that enables it to replicate human behavior, convey emotions,
and deliver services to clients (Seo, 2022). Despite the growing
utilization of service robots in recent years, the concept of service
robots functioning as service representatives remains a novel
experience for the majority of customers. Novelty can be defined
as the perception of originality that arises from the juxtaposition

of current awareness with past experiences (Kim et al., 2021).
Customers encounter a unique experience when a service engages
their curiosity and satisfies their desire for knowledge within
an enhanced context (Sheth et al., 1991). Consequently, novelty
can be understood as a divergence in the perception of prior
experiences compared to current realities, signifying an experience
that is new and unfamiliar, distinct from previous encounters
(Albaity and Melhem, 2017). Consumers engage in comparative
evaluations of current stimuli against those encountered in the
past, recognizing novelty when their present perceptions exceed
prior experiences (Lee and Crompton, 1992). Consequently, the
pursuit of novelty is intrinsically linked to the quest for diversity and
serves as a significant determinant in consumers’ choicemotivations
and decision-making processes (Petrick, 2002). This phenomenon
reflects consumers’ propensity to alter their selections based on
recent experiences (Ratner et al., 1999).

3 Theoretical analysis and research
hypotheses

3.1 Examination of the influence of robot
behavior anthropomorphism on
variety-seeking behavior

Empirical studies have substantiated the influence of
anthropomorphism in service robots on customer behavioral
intentions. For instance, Mende et al. (2019) demonstrated through
experimental research involving humanoid robots that a heightened
level of anthropomorphism can elicit discomfort among customers,
subsequently prompting compensatory consumer behaviors.
Similarly, Liu et al. (2021) demonstrated that, in the realm of
tourism service interactions, a higher level of anthropomorphism
in service robots is positively associated with customers’ readiness
to participate in the value co-creation process. Furthermore, Li and
Zheng (2021) highlighted that, from the perspective of appearance
anthropomorphism, the extent of anthropomorphism in service
robots positively influences customers’ diverse seeking behaviors.
Additionally, Zhang and Wang (2022) identified an inverted U-
shaped relationship between the level of anthropomorphism in
the appearance of service robots and consumers’ willingness
to utilize them, indicating that both low and high levels of
anthropomorphism may deter usage. Collectively, these studies
suggest that the anthropomorphism of service robots can elicit
various customer intentions and behavioral responses. However, the
current body of research predominantly emphasizes the differential
impacts of varying degrees of appearance anthropomorphism, with
limited exploration into the effects of differing levels of behavioral
anthropomorphism.

Individuals exhibit primary, secondary, and mechanistic
variations in their perceptions of the anthropomorphic
characteristics and behaviors of service robots. The
anthropomorphism of appearance primarily conveys static visual
cues to consumers, whereas the anthropomorphism of behavior
provides dynamic interactive cues. Distinctions exist between
two types of cognition in specific contexts, with corresponding
differences in the cognitive regions and mechanisms within the
human brain. When individuals assess the anthropomorphic

Frontiers in Robotics and AI 04 frontiersin.org

https://doi.org/10.3389/frobt.2025.1503622
https://www.frontiersin.org/journals/robotics-and-ai
https://www.frontiersin.org


Liu et al. 10.3389/frobt.2025.1503622

appearance of service robots from a static impression standpoint,
they are generally not influenced by the robots’ behaviors.
Conversely, when individuals evaluate the anthropomorphic
behaviors of service robots through the lens of dynamic interaction,
the robots’ actions and the fluidity of human-machine interaction
become the focal point of consumer attention, overshadowing the
robots’ appearances. Fink (2012) emphasizes that the efficacy of
robots in human-computer interaction is more closely tied to their
behaviors, with successful behaviors serving as a fundamental
aspect of interaction. A high degree of anthropomorphism in
behavior facilitates a more natural, effective, and appealing human-
computer interaction, fostering a sense of closeness. When robots
engage in social behaviors such as making eye contact, nodding,
and utilizing arm movements, users exhibit increased attention,
trust, and empathy towards these robots (Bartneck et al., 2007). The
anthropomorphism of service robot behavior is more likely to evoke
a sense of immersion among consumers, thereby establishing a
social presence within the context of human-computer interaction;
in contrast, merely observing the static appearance of a robot is
less effective in generating such a social presence. Furthermore,
the anthropomorphic appearance of robots tends to elicit only a
brief period of stimulation, primarily during initial encounters. In
contrast, the anthropomorphism of robot behavior can engender a
lasting sense of social presence that recurs across multiple service
interactions. When customers engage with service robots exhibiting
anthropomorphic behaviors, they not only experience curiosity
and novelty but also perceive the presence of another social entity
through interaction and communication, thereby cultivating a
robust sense of social presence (Xie et al., 2019). It is evident that
merely observing the anthropomorphic appearance of service robots
is insufficient to foster a meaningful sense of social presence; rather,
it is through the observation and interaction with anthropomorphic
behaviors that a genuine sense of social presence can be established.

The extent of anthropomorphism exhibited by service
robots significantly influences customers’ ability to accurately
conceptualize the robot’s physical form and its activities,
thereby impacting the perceived level of social presence. The
embodiment theory posits that individuals engage in multi-
channel representation and simulate perceptual, kinesthetic, and
introspective information pertaining to non-real physical entities
during cognitive processing (Wu et al., 2011). When service robots
display a higher degree of anthropomorphism, they are capable
of executing smoother limb movements, nodding, altering body
posture, modulating vocal volume, and articulating emotions
through language. In such scenarios, customers are likely to
construct a more authentic experience of the robot’s physical
presence and its activities, facilitating cognitive processing that
activates multi-channel representations and simulates relevant
perceptual, action-oriented, and introspective information. This
leads to a heightened perception of the robot as a social entity,
resulting in an enhanced sense of social presence. Conversely, when
the degree of anthropomorphism in robot behavior is minimal,
the service robot struggles to perform fluid limb movements, nod,
change posture, modulate volume, or convey emotions effectively
through speech. In these instances, customers encounter difficulties
in realistically conceptualizing the robot’s physical form and
engaging with its activities, which hampers cognitive processing.
Consequently, they find it challenging to activate multi-channel

representations and simulate the necessary perceptual, kinesthetic,
and introspective information, leading to a diminished perception
of the robot as a social entity. As a result, customers experience a
lower sense of social presence in such contexts.

The concept of social presence exerts a multifaceted influence
on consumer attitudes and behaviors. According to social influence
theory, the quantity of social entities and the degree of social
immediacy associated with social presence can significantly affect
consumer emotions and self-representation behaviors, which
subsequently influence purchasing decisions (Argo et al., 2005).
Empirical research has demonstrated that social presence serves
as a fundamental prerequisite for various critical consumer
behavioral intentions. It has the potential to enhance trust in
service contexts, improve perceptions of safety, and positively
shape purchasing attitudes (Lee and Shin, 2012). Furthermore,
social presence can augment hedonic value and foster favorable
consumer attitudes. It also impacts consumers’ social cognition and
psychological ownership of interactive objects, thereby influencing
their satisfaction, loyalty, and repurchase intentions. Additionally,
social presence may affect consumers’ conformity behaviors and
their propensity for diverse seeking behaviors. In light of these
findings, the following hypotheses are proposed:

Hypothesis 1: Service robots exhibiting higher levels of
anthropomorphism in behavior will elicit stronger variety-seeking
behaviors from customers compared to those with lower levels of
anthropomorphism.

Hypothesis 2: Social presence mediates the relationship between
the anthropomorphism of robot behavior and customers’ variety-
seeking behaviors.

3.2 Examination of the moderating
influence of consumer decision-making
context

The context in which consumers make decisions plays a
crucial role in determining whether their choices are private
or public in nature. In public environments, consumers tend
to engage in a wider array of behaviors aimed at projecting a
distinctive and open personal image (Ariely and Jonathan, 2000).
The presence of others creates a clear social consumption scenario,
wherein consumer behavior is readily observable. Under these
circumstances, consumers’ emotions, cognitions, and behaviors are
likely to shift, leading to an increase in diverse seeking behaviors,
impulsive purchases, symbolic consumption, and other forms of
social consumption (Inman et al., 2009). The Social Facilitation
Theory posits that the presence of others can serve as an internal
motivator, influencing individuals’ attitudes and behaviors (Kushnir,
1981), and prompting a greater propensity for herd buying decisions
(Xie et al., 2019). Ratner and Kahn (2002) conducted a comparative
analysis that highlighted the differential effects of private versus
public consumption on diversification-seeking behavior, revealing
that individuals tend to incorporate more variability into their
consumption choices when their actions are subject to public
scrutiny. Jinhee et al. (2006) found that consumers are more
inclined to pursue diversified options in the presence of others,
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FIGURE 1
Theoretical model.

as their behavior becomes observable, thereby aligning with social
norms and the expectations of others. Furthermore, Wang et al.
(2020) discovered that the presence of acquaintances diminishes
consumers’ diversification-seeking behavior, whereas the presence
of strangers enhances it; this indicates that individuals with
varying self-conceptions are significantly affected by the social
context. Consequently, the number of individuals involved in
decision-making processes influences consumers’ diversification-
seeking behavior. Based on these findings, the following hypothesis
are proposed:

Hypothesis 3: The context of consumption decision-making
moderates the effect of social presence on consumers’ variety-
seeking behavior.

Hypothesis 3a: For consumers engaged in public decision-making,
their variety-seeking behavior is significantly heightened when
social presence is high compared to when it is low.

Hypothesis 3b: There is no significant difference in the influence
of social presence on variety-seeking behavior among consumers
making private decisions.

In light of the preceding analysis, the theoretical framework is
illustrated in Figure 1.

4 Research design

4.1 Pre-experimental and formal
experimental design

The pre-experimental involves the creation and validation of
anthropomorphic video materials intended for the examination
of service robot behavior. Following a meticulous selection and
editing process, two experimental videos were produced to
illustrate varying degrees of anthropomorphism in accommodation
service robots. These videos were derived from subtitled footage
recorded by Kim et al. (2019), which effectively anthropomorphizes
robot behavior while controlling for confounding variables. A
highly anthropomorphic state refers to service robots that are
equipped with the ability to manipulate their limbs, display
nodding behaviors, alter their body posture, and modulate
their vocal volume, which enables them to convey emotions
during verbal exchanges (Kim et al., 2019). Conversely, a low
anthropomorphic state indicates that the physical movements
and emotional expressions demonstrated by service robots
are relatively limited (Kim et al., 2019). For the purposes of

this study, the English dialogue in the videos was accurately
translated into Chinese, accompanied by corresponding Chinese
subtitles, as detailed in the appendix documentation. The videos
used for the study are available as Supplementary Material,
Supplementary Video 1 is the high anthropomorphic condition
and Supplementary Video 2 is the low anthropomorphic
condition. Table 1 illustrates the primary distinctions between high-
level and low-level anthropomorphic videos. Preliminary testing
with a small sample indicated that these two videos successfully
differentiate between high and low levels of anthropomorphism in
service robots.

The formal experiment is structured to test hypotheses
through a series of six sub-experiments, as outlined in Table 2.
Experiments 1a and 1b are designed to validate the primary
effect by employing different dependent variable frameworks.
Initially, participants will be randomly assigned to an intergroup
design based on varying levels of behavior anthropomorphism
(low vs. high). They will then assess the anthropomorphism
level of the manipulated independent variable. Subsequently,
participants will be exposed to distinct robot service scenarios
and will engage in a survey regarding their consumption decisions
related to hotel accommodations, specifically focusing on their
inclination to select hotel dinner packages and the quantity of
complimentary fruit juice drinks. Finally, participants will provide
demographic information. Experiments 2a and 2b are intended
to examine the mediating effect of social presence. In these
experiments, interactive service scenarios and catering service
scenarios featuring service robots with consistent behavioral
characteristics will be developed to enhance the visual stimulation
experienced by participants. Following their exposure to interactive
video materials showcasing the service robot, participants will
evaluate their perceived sense of social presence. After interacting
with the catering service scenarios, participants will assess
their propensity to switch between dinner meal options and
the number of juice drinks they opt to select. Experiments
3a and 3b are focused on verifying the moderating effect of
the context in which customers make consumption decisions,
with participants being assigned to either public or private
decision-making contexts.

Regarding sample selection, both the pilot study and the six
formal experiments were conducted using the prominent survey
platform in China, SoJump, which operates on a payment basis.
The experimental subjects comprised ordinary consumers with
diverse backgrounds, including variations in occupation, industry,
education, and age, thereby enhancing the internal validity of
the experiments. Participation was entirely voluntary, with all
participants thoroughly reviewing the experimental instructions
prior to commencement, thereby gaining an understanding of the
study’s background and objectives, and subsequently consenting
to partake in the research. On average, each experimental group
consisted of approximately 60 effective participants, with specific
demographic information about the sample provided in the analysis
results section of each experiment.

The manipulation of the independent variable across
the six sub-experiments was informed by the methodology
established by Kim et al. (2019). This approach enabled participants
to engage with textual descriptions of service scenarios as well
as service videos depicting various behaviors, thereby enhancing
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TABLE 1 The main differences between high-level and low-level anthropomorphic videos.

Category A video demonstrating high-level of
anthropomorphism in behavioral

A video demonstrating low-level of
anthropomorphism in behavioral

Body movement More body movements Less body movements

Facial expression Rich facial expressions Facial expressions are relatively limited

Dialogue Android robot: Hello handsome! My name is Nadi, I’m
glad to serve you!
Customer: You look very beautiful
Android robot: It’s too much! You also look very
handsome!
Customer: It’s very happy to chat with you
Android robot: Chatting with you is also enjoyable!
Customer: How are you feeling today?
Android robot: Seeing you, my mood is not ordinary
good!
Customer: Why do you think so?
Android robot: Because you are very friendly!
Customer: What else can you do?
Android robot: As the hotel front desk, I can provide
meticulous assistance to guests!
Customer: Great, goodbye!
Android robot: Looking forward to seeing you again,
handsome!

Android robot: My name is Nadi and I am at the hotel
front desk
Customer: You look very beautiful
Android robot: Thank you!
Customer: Nice to chat with you
Android robot: Me too
Customer: How are you feeling today?
Android robot: Sorry, I did not feel anything
Customer: Why do you think so?
Android robot: I have no perception
Customer: What else can you do?
Android robot: I am a receptionist and I can assist
guests
Customer: Bye!

the consistency of the experimental process. The selection of
participants and the execution of the experiments were conducted
through reputable online research platforms, incorporating
individuals from diverse backgrounds, including variations in
occupation, industry, education, and age, which bolstered the
internal validity of the study. The six experiments employed two
distinct methods for measuring the dependent variable: conversion
tendency and selection quantity, thereby augmenting the external
validity of the findings.

4.2 Variable manipulation and
measurement

4.2.1 Manipulation of independent variables
The manipulation of independent variables involves having

participants view videos of robotic services that exhibit varying
levels of personification within identical service contexts. The
experimental scenarios are designed to encompass front desk
service, dining service, and complimentary beverage service within
the hospitality sector. To mitigate the potential interference of
background information, a fictitious restaurant name is employed.
The stimulus materials utilized in the experimental design are
detailed in the appendix.

4.2.2 Measurement of dependent and mediating
variables

To enhance the validity of the experiment, two distinct
methodologies were employed to assess customer variety-seeking
behavior in this study. The first method focuses on the degree of
customer conversion, primarily drawing from the measurement
techniques established in the research conducted by Kim and
Drolet (2003) and Sevilla et al. (2019). Participants are prompted to

respond to two questions pertinent to decision-making regarding
dinner set meals, utilizing a seven-point Likert scale. The second
method involves measuring consumer choice quantity, inspired by
the approaches of Levav and Zhu (2009) and Gullo et al. (2019).
Participants are asked to select fromfive different flavors of fruit juice
drinks, and the proportion of participants opting for each specific
category is subsequently calculated.

The assessment of social presence is informed by the social
presence measurement scale utilized in the research conducted
by Lee et al. (2006) within the domain of human-computer
interaction. A set of seven questions tailored for hotel service
contexts has been developed, including inquiries such as “To what
extent do you feel as though you are engaging with an intelligent
individual?” and “To what extent do you perceive the presence of a
knowledgeable companion?” These questions are evaluated using a
seven-point semantic differential scale. Furthermore, to investigate
the mediating role of social presence within the framework of
the exclusion mechanism, social presence, novelty, and identity
threat were concurrently employed as mediating variables in
Experiment 2b. Novelty is operationalized through the Perceived
Novelty Measurement Scale established by Wells et al. (2010), which
comprises three items. The construct of identity threat is derived
from the five-item Identity Threat Scale utilized in the studies by
Yogeeswaran et al. (2016) and Złotowski et al. (2017) in the field of
human-computer interaction, with all constructs beingmeasured on
a seven-point Likert scale.

4.2.3 Manipulation of moderating variables
The categorization of consumer decision-making contexts

is informed by the studies conducted by Jinhee et al.
(2006) and Wang et al. (2020), which delineate two distinct
categories: public decision-making contexts and private decision-
making contexts. The private decision-making scenario is
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TABLE 2 Formal experimental design.

Experiments Experimental
purpose

Experimental
design

Manipulation of
the independent

variable

Measurement of
the dependent

variable

Measurement of
other variables

Experiment 1a
The primary impact of

validating the
anthropomorphic

characteristics of service
robot behavior on the

improvement of
customer variety-seeking

behavior

The study design consists
of a 2 (degree of

anthropomorphism in
robotic behavior: low

versus high) × 2 (degree
of variety-seeking: high
versus low) factorial

arrangement

Participants in the study
are exposed to textual
descriptions and video

representations of
various behaviors within

the context of
accommodation service

scenarios

Trends in the conversion
rates of dinner package

selections within
accommodation services

Assess the extent of
anthropomorphism in

behavioral
manifestations

Experiment 1b The variety of options
available among the five
distinct flavors of fruit

juice beverages

Assess the extent of
anthropomorphism in

behavioral
manifestations

Experiment 2a Examine the mediating
function of social
presence in the

anthropomorphism of
service robot behavior,

with the aim of
improving customer

diversity and conversion
rates

Trends in the conversion
rates of dinner package

selections within
accommodation services

Assess the extent of
anthropomorphism in

behavioral
manifestations

Seven components of the
Social Presence Scale

Experiment 2b Following the exclusion
of the mediating

influences of novelty and
identity threat, it is

essential to assess the
mediating function of

social presence

The variety of options
available among the five
distinct flavors of fruit

juice beverages

Assess the extent of
anthropomorphism in

behavioral
manifestations

Seven components of the
Social Presence Scale

Experiment 3a Examine the moderating
influence of the context
surrounding customers’

consumption
decision-making on
their propensity for

variety-seeking behavior

The study employs a 2
(anthropomorphism of
robotic behavior: low
degree versus high

degree) × 2 (consumer
decision-making

context: public versus
private) × 2

(variety-seeking degree:
high versus low)

experimental design

Trends in the conversion
rates of dinner package

selections within
accommodation services

Seven components of the
Social Presence Scale

Experiment 3b Following the
modification of the

measurement approach
for the dependent

variable, it is essential to
assess the moderating
influence of the context
surrounding customer
consumption decisions
on the variety-seeking
behavior exhibited by

consumers

The variety of options
available among the five
distinct flavors of fruit

juice beverages

Seven components of the
Social Presence Scale

characterized as follows: “On this day, you are traveling alone on
a business trip to M city and planning to stay at Hotel A,” wherein
all subsequent consumption decisions are made independently.
Conversely, the public decision-making scenario is described
as: “On this day, you and a group of five colleagues are on a
business trip to M city and intend to stay at Hotel A,” where
subsequent consumption decisions are made in the presence of
colleagues.

Furthermore, control variables encompass demographic factors
of consumers, such as gender, age, and education, as well as the
consumers’ level of familiarity with robots.

5 Experimental results and discussion

5.1 Main effect analysis of the influence of
anthropomorphism in service robot
behavior on variety-seeking behavior

5.1.1 Examination of variations in customer
perception regarding the personification of
service robot behavior

Following the viewing of the experimental video materials in
Experiment 1a, participants were tasked with assessing the level
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FIGURE 2
The influence of anthropomorphized behavior on the rate of
customer conversion.

of anthropomorphism exhibited in the behavior of the service
robot. The results of an independent sample t-test revealed that
participants’ evaluations of robot video materials characterized by
high behavioral anthropomorphism (MH = 5.55, SD = 1.24) were
significantly greater than those for materials with low behavioral
anthropomorphism (ML = 5.06, SD = 1.46), with t (141) = 2.18,
p = 0.031. This finding substantiates the differentiation in robot
behavior as perceived by consumers across the two categories of
experimental videos.

5.1.2 Examination of the impact of robot behavior
anthropomorphism on variety-seeking behavior

In Experiment 1a, a total of 52 valid samples were collected in
high behavioral anthropomorphism service scenarios (comprising
25 males and 27 females, with a mean age of 31), while 54
valid samples were obtained in low behavioral anthropomorphism
service scenarios (including 28 males and 26 females, with a
mean age of 30). An independent samples t-test revealed that the
conversion tendency elicited by high behavioral anthropomorphism
service scenarios (MH = 4.84, SD = 0.79) was significantly
greater than that observed in low behavioral anthropomorphism
service scenarios (ML = 4.51, SD = 0.63), with t (104) = 2.30,
p = 0.023, as illustrated in Figure 2. These findings provide
support for hypothesis Hypothesis 1, indicating that service robots
characterized by high levels of behavioral anthropomorphism elicit
stronger customer variety-seeking behaviors compared to thosewith
low levels of behavioral anthropomorphism.

In Experiment 1b, a total of 55 valid samples were collected,
comprising 25 males and 30 females, with a mean age of
31 years, in high behavioral anthropomorphic service scenarios.
In contrast, 53 valid samples were obtained in low behavioral
anthropomorphic service scenarios, consisting of 27 males and 26
females, with a mean age of 30 years. An independent samples t-
test revealed that the number of choices elicited by high behavioral

FIGURE 3
The influence of anthropomorphized behavior on consumer
decision-making processes.

anthropomorphism service scenarios (MH = 0.80, SD = 0.21)
was significantly greater than that elicited by low behavioral
anthropomorphism service scenarios (ML = 0.72, SD = 0.22), with
t (106) = 2.02, p = 0.046, as illustrated in Figure 3. These findings
further substantiate hypothesis Hypothesis 1, indicating that service
robots characterized by high levels of behavioral anthropomorphism
elicit stronger customer variety-seeking behaviors compared to
those with low levels of behavioral anthropomorphism.

5.2 Examination of experimental findings
regarding the mediating role of social
presence

5.2.1 Evaluation of the mediating effect of social
presence in isolation

In Experiment 2a, a total of 71 valid samples were collected
from participants in high behavioral anthropomorphic service
contexts (comprising 37 males and 34 females, with a mean age
of 31), and 72 valid samples were obtained from those in low
behavioral anthropomorphic service contexts (including 42 males
and 30 females, with a mean age of 30). The independent variable
was designated as the degree of anthropomorphism in robot
behavior, the mediating variable was identified as social presence,
and the dependent variable was defined as customer conversion
tendency, specifically in relation to dinner set meals. A simple
mediation effect analysis was conducted utilizing the Bootstrap
method. The findings indicated that the confidence interval values
for BootLLCI and BootULCI were (0.0048, 0.1295), which do not
encompass zero, thereby confirming the presence of a mediating
effect, with an effect size of 0.0581 (refer to Table 2). Furthermore,
the confidence interval values for LLCI and ULCI pertaining to
the direct effect of the independent variable on the dependent
variable were (0.0074, 0.1596), which also exclude zero, signifying a
substantial direct effect and partial mediation. Consequently, it can
be concluded that Hypothesis 2 is supported, suggesting that social
presence serves a partial mediating function in the relationship
between the anthropomorphism of robot behavior and customer
variety-seeking behavior.

Frontiers in Robotics and AI 09 frontiersin.org

https://doi.org/10.3389/frobt.2025.1503622
https://www.frontiersin.org/journals/robotics-and-ai
https://www.frontiersin.org


Liu et al. 10.3389/frobt.2025.1503622

TABLE 3 Results of a comparative analysis regarding the mediating effects of social presence.

Dependent variable Mediating variable Independent
variable

Results of the
mediation effect

(BootLLCI,
BootULCI)

The presence of a
mediation effect

The propensity for customer
conversion in relation to
dinner set meal offerings

Social presence The extent to which robotic
behavior exhibits
anthropomorphic
characteristics

(0.0048,0.1295) A mediation effect is present,
with a value of 0.0581

Customer Preference Quantity
Index (Juice Selection)

Social presence

The extent to which robotic
behavior exhibits
anthropomorphic
characteristics

(0.0036,0.0321) A mediation effect is present,
with a value of 0.0171

Novelty (−0.0298,0.0031) The mediation effect is not
present

Sense of identity threat (−0.0126,0.0040) The mediation effect is not
present

5.2.2 Examination of the mediating role of social
presence within the exclusion mechanism

Experiment 2b concurrently investigated social presence,
novelty, and identity threat as mediating variables. The study
comprised 66 valid responses from participants in high behavioral
anthropomorphic service contexts (29 males and 37 females, with
a mean age of 30) and 64 valid responses from participants in low
behavioral anthropomorphic service contexts (28 males and 36
females, with a mean age of 31). The degree of anthropomorphism
in robotic behavior was designated as the independent variable,
while social presence, novelty, and identity threat were treated
as mediating variables, with the customer choice index serving
as the dependent variable. A parallel mediation effect analysis
was performed. The findings indicate that, when social presence,
novelty, and identity threat are considered as mediators, only social
presence exhibited a statistically significantmediating effect (refer to
Table 3). The BootLLCI and BootULCI interval values were found
to be (0.0036, 0.0321), which excludes zero, thereby confirming
the presence of a mediating effect with an effect size of 0.0171.
Additionally, the LLCI and ULCI interval values for the direct effect
of the independent variable on the dependent variable were (0.0032,
0.0396), also excluding zero, indicating a significant direct effect.
This further supports the hypothesis Hypothesis 2. In the context of
anthropomorphic robot services, the effects of novelty and identity
threat were not statistically significant, thereby negating their roles
as mediating mechanisms.

5.3 Examination of the moderating
influence of the consumer
decision-making context

5.3.1 The moderating influence of consumer
decision-making context on conversion
tendencies

This study examines the moderating role of consumer decision-
making context on the relationship between social presence
and variety-seeking behavior, utilizing highly anthropomorphic

robotic services as the framework. In Experiment 3a, a total of
71 valid samples were collected from participants in a public
decision-making scenario characterized by high personification,
while 75 valid samples were obtained from a private decision-
making scenario with similar characteristics. The analysis
employed customer social presence as the independent variable,
customer conversion tendency as the dependent variable, and
the context of consumption decision (public versus private)
as the moderating variable. A Bootstrap moderation analysis
was conducted to assess the moderating effect of the decision-
making context. The findings indicated that within the context
of highly anthropomorphic robotic services, the moderating effect
of consumer decision-making context on the relationship between
customer social presence and the degree of conversion in dinner
package selection was statistically significant at the 0.10 level
(P = 0.0747), with an R2 change value of 0.0206. This supports
Hypothesis Hypothesis 3, which posits that the consumer decision-
making contextmoderates the influence of customer social presence
on variety-seeking behavior.

Further analysis revealed specific regulatory effects. In public
decision-making contexts, social presence significantly influenced
conversion tendencies related to dinner set meal selection, as
indicated by the LLCI and ULCI interval values of (0.1536, 0.6988),
which exclude zero, and a P-value of 0.0024. By segmenting
customers based on average social presence, independent
sample t-tests were performed with customer variety-seeking
behavior as the dependent variable. The results demonstrated
that customers exhibiting high social presence (Mhigh presence =
5.00, SD = 0.92) displayed a significantly greater willingness
to seek diversity compared to those with low social presence
(Mlow presence = 4.43, SD = 0.73), with t (144) = -2.34, p = 0.020.
This finding supports Hypothesis Hypothesis 3a, indicating that
for consumers engaged in public decision-making, the propensity
for variety-seeking is markedly higher among those with elevated
social presence.

Conversely, in private decision-making contexts, the influence
of customer social presence on conversion tendencies (dinner
set meal selection) was not statistically significant, as the
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FIGURE 4
The influence of the consumer decision-making context on the
propensity for conversion.

LLCI and ULCI interval values were (−0.0633, 0.3137), which
include zero, and the P-value was 0.1912. In this scenario,
customers with high social presence exhibited a willingness
to seek diversity (Mhigh presence = 4.56, SD = 0.74), while those
with low social presence demonstrated a similar willingness
(Mlow presence = 4.42, SD = 0.81), as illustrated in Figure 4.
This suggests that for consumers making private decisions,
there is no significant difference in the impact of social
presence on variety-seeking behavior, thereby supporting research
hypothesis Hypothesis 3b.

In the context of low anthropomorphic robot services, a
comparative analysis was performed to examine the differences
in the influence of social presence on variety-seeking behaviors
among customers in both public and private decision-making
environments. In Experiment 3a, the sample comprised 68 valid
responses from the low anthropomorphism public decision-
making service scenario and 74 valid responses from the low
anthropomorphism private decision-making service scenario. The
analysis utilized customer social presence as the independent
variable, customer conversion tendency as the dependent variable,
and the context of customer consumption decisions (private
versus public) as the moderating variable, employing Bootstrap
moderation analysis. The findings indicated that in the low
anthropomorphic robot service scenario, the moderating effect of
the customer consumption decision context on the relationship
between social presence and customer conversion tendency was not
statistically significant, evidenced by an R2 change value of 0.0060
and a p-value of 0.3466. Consequently, it is posited that hypothesis
Hypothesis 3 is not supported, and therefore, the corresponding
hypothesesHypothesis 3a andHypothesis 3b do not warrant further
investigation.

In summary, within the context of highly anthropomorphic
robot services, the consumer decision-making context does
moderate the effect of social presence on variety-seeking behaviors.
Conversely, in the low anthropomorphic robot service scenario,
the moderating effect of the consumer decision-making context
is not significant. Thus, it can be concluded that hypotheses
Hypothesis 3, Hypothesis 3a, and Hypothesis 3b receive only
partial support.

5.3.2 The moderating effect of consumer
decision-making context on the number of
choices

This study investigates the moderating role of consumer
decision-making context on the influence of social presence in
highly anthropomorphic robot services, specifically comparing
public and private decision-making environments. In Experiment
3b, the sample comprised 68 valid responses from participants
in a high personification public decision-making scenario and
70 valid responses from those in a high personification private
decision-making scenario. The analysis employed customer social
presence as the independent variable, the customer choice index
as the dependent variable, and the consumer decision context
(public versus private) as the moderating variable. A Bootstrap
moderation analysis was performed to assess the moderating effect
of the decision-making context on the relationship between social
presence and the quantity of choices made by customers. The
results indicated a significant moderating effect at the 0.05 level,
with an R2 change value of 0.0293 and a p-value of 0.0337,
thereby supporting hypothesis Hypothesis 3, which posits that
the consumption decision context moderates the effect of social
presence on variety-seeking behavior.

Further analysis revealed specific moderation effects. In the
public decision-making context, the analysis of social presence’s
impact on the customer choice index yielded a lower limit
confidence interval (LLCI) and an upper limit confidence interval
(ULCI) of (0.2365, 0.9426), excluding zero, with a p-value of 0.0012,
indicating a significant effect. By categorizing participants into
high and low social presence groups based on the mean social
presence score, an independent samples t-test was conducted with
the customer choice quantity index as the dependent variable. The
results demonstrated that the choice quantity index for customers
with high social presence (MH = 0.82, SD = 0.21) was significantly
greater than that for customers with low social presence (ML =
0.71, SD = 0.23), with t (144) = −2.23, p = 0.027. This supports
hypothesis Hypothesis 3a, suggesting that for consumers in public
decision-making contexts, variety-seeking behavior is significantly
enhanced by high social presence compared to low social presence.

Conversely, in private decision-making contexts, the analysis of
social presence’s impact on the customer choice index resulted in an
LLCI and ULCI of (−0.1896, 0.3827), which includes zero, and a p-
value of 0.5057, indicating a lack of significant effect. In this scenario,
the choice quantity index for customers with high social presence
(MH = 0.73, SD = 0.22) was comparable to that of customers with
low social presence (ML = 0.71, SD = 0.21), as illustrated in Figure 5.
This finding suggests that for consumers engaged in private decision-
making, there is no significant difference in the influence of high
versus low social presence on variety-seeking behavior, thereby
supporting hypothesis Hypothesis 3b.

This study examines the effects of social presence on
variety-seeking behavior among customers in both public and
private decision-making contexts, specifically in the context of
low anthropomorphic behavior robot services. In Experiment
3b, the sample consisted of 66 valid responses from the low
anthropomorphism public decision-making service scenario and 64
valid responses from the low anthropomorphism private decision-
making service scenario. The analysis employed social presence
as the independent variable, the customer choice index as the
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FIGURE 5
The influence of the consumer decision-making context on the
quantity of available options.

dependent variable, and the context of customer consumption
decisions (public versus private) as themoderating variable, utilizing
Bootstrap moderation analysis. The results indicated that the
moderating effect of the quantity index on the relationship between
social presence and customer selection of juice beverages was
not significant within the low anthropomorphic behavior robot
service context. The change in R2 was recorded at 0.0101, with
a P value of 0.2195. Consequently, it is posited that hypothesis
Hypothesis 3 is unsupported, and therefore, the associated
hypothesesHypothesis 3a andHypothesis 3b do not warrant further
investigation.

In conclusion, the findings reaffirm that in scenarios involving
highly anthropomorphic behavior robot services, the context
of customer consumption decisions significantly moderates
the influence of social presence on variety-seeking behavior.
Conversely, in low anthropomorphic behavior robot service
scenarios, the moderating effect of the decision-making context
is negligible. Thus, it can be inferred that hypotheses Hypothesis 3,
Hypothesis 3a, and Hypothesis 3b receive only partial support.

5.4 Discussion of the findings

The results of the analysis indicate that hypotheses
Hypothesis 1 and Hypothesis 2 are substantiated, whereas
hypothesis Hypothesis 3 and its sub-hypotheses receive only
partial validation. This discrepancy can be attributed to the
varying moderating effects of customer consumption decision-
making contexts within high and low anthropomorphic behavior
robot service scenarios. In scenarios characterized by high
anthropomorphic behavior, customer consumption decision
contexts significantly moderate the influence of social presence
on variety-seeking behavior. Conversely, in low anthropomorphic
behavior scenarios, the moderating effect of customer consumption
decision-making context is not statistically significant.

In high anthropomorphic behavior robot service scenarios,
customers experience an enhanced sense of social presence. This
heightened perception arises from the robots’ ability to exhibit
more fluid limb movements, nodding, body posture adjustments,
volume modulation, and emotional expression through language.

Consequently, customers are able to construct a more authentic
experience of the robot’s physical form and its activities, engaging in
cognitive processing that activates multi-channel representations
and simulates perceptual, action-oriented, and introspective
information.This process fosters a greater recognition of the robot as
a social entity, culminating in an intensified sense of social presence.
In such contexts, customers exhibit a higher degree of immersion,
allowing them to more vividly perceive the visual representation
of the interactive object, engage in more substantial interactions,
and clearly observe the collaborative tasks performed by the robot,
thereby reinforcing their sense of social presence.

In contrast, low anthropomorphic behavior scenarios present
limitations, as the service robots lack the ability to perform
smooth limb movements, nod, adjust body posture, or modulate
volume, and they struggle to convey emotions through speech.
As a result, customers find it challenging to construct a realistic
understanding of the robot’s physical form and activities, which
impedes their cognitive processing of the experience. This difficulty
in activating multi-channel representations and simulating relevant
perceptual, action-oriented, and introspective information leads to
a diminished recognition of the robot as a social entity, resulting
in a lower sense of social presence among customers. Therefore, in
high anthropomorphic behavior robot service scenarios, customers
generate a more pronounced sense of social presence, with their
consumption decision-making context potentially serving as a
moderating factor that enhances this experience. Conversely, in
low anthropomorphic behavior scenarios, the inherently lower
sense of social presence limits the significant regulatory role of
customer consumption decision-making contexts. Future research
is warranted to explore the specific moderating effects of customer
consumption decision-making contexts in greater detail.

6 Limitations and future work

This study primarily concentrated on the anthropomorphic
characteristics of offline service robots and their associated impacts,
excluding the examination of online service robots. In contemporary
contexts, a significant number of service robots are deployed across
various physical service institutions, yielding favorable marketing
outcomes. Conversely, online service robots engage with and assist
customers remotely through diverse virtual modalities or through
limited anthropomorphism in appearance and behavior. The
potential differential effects of the anthropomorphic characteristics
of online service robots on customer cognition, responses, and
varied seeking behaviors remain unexplored. Future empirical
investigations should address the anthropomorphic traits and their
implications for online service robots to enhance the breadth of
research findings.

Additionally, the research was confined to the accommodation
service industry as its focal scenario. Although the study has
tested main effects, mediation effects, and moderation effects
from multiple levels and perspectives through various experiments,
the generalizability of the findings necessitates further validation
across different service contexts. Future research should investigate
the anthropomorphic characteristics of service robots and their
impacts within sectors such as catering, finance, retail, healthcare,
and others, particularly concerning their influence on customers’
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diverse seeking behaviors, to ascertain the applicability of the
conclusions drawn.

Lastly, there are methodological limitations inherent in the
research process. Firstly, the experimental component relied solely
on humanoid robot videos as stimulus materials, which did not
adequately encompass stimuli for both humanoid and mechanical
robot experiments. This limitation constrains the generalizability of
the anthropomorphic effects associated with service robot behavior.
Secondly, the research was conducted exclusively through online
experiments, omitting laboratory and field experiments, and the
data analysis was restricted to independent sample t-tests, analysis
of variance, and Bootstrap mediation and moderation analysis
methods. This not only limits the generalizability of the research
conclusions but also hinders a comprehensive exploration and
analysis of the research data, indicating a need for refinement and
enhancement in future studies.

7 Conclusion

In recent years, a substantial body of empirical research
has emerged concerning service robots, emotional responses,
and consumer behavior. Mende et al. (2019) demonstrated that
humanoid service robots (SRs) elicit compensatory behaviors,
which are influenced by heightened feelings of eeriness. Similarly,
van Pinxteren et al. (2019) identified that the anthropomorphism
of service robots fosters trust, intention to utilize, and overall
enjoyment. Filieri et al. (2022) reported that interactions
with robots evoke emotions such as joy, love, surprise, and
excitement. Furthermore, Kim et al. (2023) found that engagement
with SRs can lead to an increased propensity for unethical
consumer behaviors, attributed to diminished anticipatory guilt.
Additionally, Pitardi et al. (2024) concluded that interactions with
SRs yield more favorable attitudinal and behavioral responses
from consumers. Building upon these findings, our research
aims to further investigate the relationship between the degree
of anthropomorphism in service robots and the diverse seeking
behaviors exhibited by customers, thereby contributing to the
existing literature on the influence of service robots.

This study elucidates the mechanisms through which the
anthropomorphic behavior of service robots influences customers’
variety-seeking behaviors, employing a series of six experiments
to investigate the main, mediating, and moderating effects within
this framework. The findings yield several key conclusions: Firstly,
the extent of anthropomorphism exhibited by service robots
significantly affects customers’ variety-seeking behaviors.The results
indicate that scenarios involving service robots with a high degree
of behavioral anthropomorphism elicit greater customer conversion
tendencies and selection indices compared to analogous scenarios
characterized by low levels of behavioral anthropomorphism.
Secondly, social presence serves as a mediating factor in the
relationship between the anthropomorphism of service robot
behavior and customers’ variety-seeking behaviors. When the
anthropomorphism of service robot behavior was treated as the
independent variable, with social presence as the sole mediating
variable and customer conversion tendency as the dependent
variable, the analysis confirmed the existence of a complete
mediating effect attributable to social presence. Additionally, an

examination of the parallel mediating effects of social presence,
novelty, and identity threat revealed that only social presence
exhibited a significant mediating effect, while the effects of novelty
and identity threat were found to be non-significant. Thirdly, the
context of customer consumption decisions serves as a moderating
factor influencing the relationship between social presence and
variety-seeking behavior. The effects of this moderating variable
differ in scenarios involving high versus low anthropomorphic
behavior in robotic services. Consequently, as the consumer
decision-making context transitions from a private to a public
setting, the effect of social presence on consumers’ tendencies to seek
diversity in their choices also undergoes a transformation.
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Appendix

A Video materials depicting the
anthropomorphism of service robot
behavior

FIGURE A1
A visual representation captured from the video utilized in the anthropomorphism study concerning the behavior of service robots. (A) Minimal
anthropomorphism in behavior (B) Elevated levels of behavioral anthropomorphism.

B Stimulus materials for experimental
design

The stimulus materials developed for the front desk service
experiment are as follows: Hotel A is characterized as a large,
stylish, and efficient establishment situated in the vibrant area of
M City, offering comprehensive amenities and a variety of room
types. On the day in question, you are on a business trip to M
City and intend to stay at Hotel A for a duration of five nights.
Upon your arrival at the hotel front desk, you observe that the
front desk staff resembles a service robot. This piques your curiosity,
prompting a brief interaction with the robot.The simulated scenario
of your communication with the service robot is depicted in the
accompanying video.

The stimulus material designed for the dinner service
experiment is as follows: Upon arriving at the hotel and missing
the designated dinner time, you request that the hotel front desk
arrange for dinner delivery to your room. The service robot, Nadi,
informs you that there are currently two dinner packages available
for selection, both priced similarly. One package consists of a
familiar dinner option, while the other presents a new offering.

The design of the stimulusmaterial for the complimentary drink
service experiment is outlined as follows: During check-in, the
service robot Nadi informs you that the hotel provides each guest
with a complimentary bottle of juice every night. Having stayed for
a total of five nights, you have the option to receive all five bottles of
juice at once. Nadi will introduce you to the five available flavors of
fruit juice. At this juncture, what choice would you make?
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