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Abstract
In recent years, the rapid ageing of the population, a longer life expectancy and elderly people’s desire to live independently are
social changes that put pressure on healthcare systems. This context is boosting the demand for companion and entertainment
social robots on the market and, consequently, producers and distributors are interested in knowing how these social robots are
accepted by consumers. Based on technology acceptance models, a parsimonious model is proposed to estimate the intention
to use this new advanced social robot technology and, in addition, an analysis is performed to determine how consumers’
gender and rational thinking condition the precedents of the intention to use. The results show that gender differences are
more important than suggested by the literature. While women gave greater social influence and perceived enjoyment as the
main motives for using a social robot, in contrast, men considered their perceived usefulness to be the principal reason and, as
a differential argument, the ease of use. Regarding the reasoning system, the most significant differences occurred between
heuristic individuals, who stated social influence as the main reason for using a robot, and the more rational consumers, who
gave ease of use as a differential argument.

Keywords Social-robot acceptance · Entertainment · Gender differences · Reasoning system · Dual-process theory

1 Introduction

A robot has been defined as “an autonomous machine capa-
ble of sensing its environment, carrying out computations to
make decisions, and performing actions in the real world”
[1]. Although designing robots for service use began a long
time ago [2, 3], the prototypes developed were quite rigid, as
they were oriented towards following rules and individuals
had to adapt to themachine [4]. It was not until the last decade
that, thanks to the developments in artificial intelligence and
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machine learning algorithms, robotics has progressed in a
significant way in terms of increasing the apparent auton-
omy of robots [5] and with a shift in focus towards social
robotics [4].

Social robotics aims to provide robots with a simple and
intuitive interface that allows them to deal with the complex-
ity required to carry out interactions with humans. Pillinger
[6], completing Weber’s [4] proposal, considered that three
types of relationships with social robots currently predomi-
nate: between caregiver and child/baby, between owner and
his/her pet, and with sex robots.

All these technological advances have coincided in time
with significant demographic changes, derived from a rapid
ageing of the population, a longer life expectancy and the
elderly having an increasing desire to lead an independent life
[7]. Social changes that put strong pressure on the healthcare
system and are boosting the demand for animatronics capa-
ble of fulfilling assistive and entertainment functions. The
global market for these robots is expected to reach USD 3.71
billion by 2023 at a CAGR of 23.06% from 2018 to 2023.
Entertainment and companion robots, designed for leisure
purposes, would be close to the relationship classified by
Weber as owner-pet. These robots can interact with people
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by singing, dancing, playing games, facilitating communica-
tion with relatives and, in general, preventing loneliness [8].
In addition, they can also be used in education, information
and communication, hospitality, and health and social care
[9]. An example is the robot "Spencer", used by KLM to
guide passengers at Amsterdam’s Schiphol airport [10].

Acceptance of social robots involves a new experience for
consumers, which is redefined through human–robot interac-
tion (HRI). HRI is an interdisciplinary field of study covering
robotics, artificial intelligence, cognitive sciences, psychol-
ogy, ethology (part of biology) and sociology [4] dedicated
to understanding, designing and evaluating robotic systems,
exploring the human factors that make it possible to achieve
quality relationships and, ultimately, accomplish a symbio-
sis between humans and robots [11]. If the performance of
industrial robots is measured by their efficiency, the success
of service robots depends on users’ satisfaction [12]. There-
fore, before launching a social robot for entertainment, it
is essential to understand the variables that induce greater
acceptance [13].

To analyse the process of acceptance of new technologies,
models derived from social psychology have been used. One
of the first was the Technology Acceptance Model (TAM)
proposed by Davis [14], which is based on the theories that
prevailed at that time, that is, the Theory of Reasoned Action
[15] and the Social Cognitive Theory [16]. As new tech-
nologies progressed, so did the theory and users’ familiarity
with their use. Therefore, new models, such as the Unified
Theory of Acceptance and Use of Technology (UTAUT),
attempted to respond to the new environmental challenges
[17, 18]. This model, developed to accommodate a more
advanced state of technological development, of an eclectic
nature, achieved greater predictive capacity. Therefore, some
researchers have considered UTAUT a more integrative pro-
posal than TAM and other theories of technology adoption
[19]. However, although they aremodels that are intended for
generalist purposes, their application in the field of robotics
is complex, since robotic technology is far more sophisti-
cated than that required by other technological devices [20,
21]. Indeed some researchers have argued that robots should
be considered a new technological genre [22].

Only a few studies have tested technological acceptance
models for the case of social robots. The best known is the
Almere model, which is an adaptation of the UTAUT model
to study the acceptance of social robots in elderly-care con-
texts [23]. And, more recently, other researchers have tested
an extension of the Almere model in health-care settings and
what they have called RAM-care [24]. Although these mod-
els offer useful information about the factors that influence
the acceptance of social robots, the use of excessively artifi-
cial scenarios makes it difficult to generalise and adapt them
to other contexts. Many studies use Wizard-of-Oz (robot
manipulated by an operator, not autonomous) settings [23,

25] or video images [26, 27] that show interactions that are
far removed from reality. Suchman [28] criticised the false
sensation generated by these scenarios and underlined the
need to assess real experiences with social robots, even in
the lab, since real interactions are far less accurate than those
shown in videos.

Yet, not everyone has the same predisposition towards
new technologies.Oneof themost analysed and controversial
characteristics of the new technologies is the different degree
of acceptance that prevails between genders [29]. Literature
on HRI has been criticised for treating gender issues uncrit-
ically and without taking an inclusive approach, as well as
reproducing heteronormative and binary gender stereotypes
without distinguishing between sex and gender [6, 30]. Thus,
some studies on HRI show that men, compared to women,
state a greater preference towards robots [11], see them as
more useful and have a greater intention to use them in the
future [31]. In addition to not differentiating between sex
and gender, none of these studies support the causes of gen-
der difference in any nativist theories [32], practically all of
them taking an environmentalist theoretical background as
their starting point [16, 33].

At the same time, some researchers have proposed
that humans use a dual-process information system: one
autonomous and intuitive and the other more deliberative
and analytical [34, 35]. The use of one system or the
other determines the decision process. For example, the
use of an analytical thinking system can increase subjects’
disbelief towards phenomena that are extraordinary or diffi-
cult to explain [36]. Other researchers have also proposed
dual-process theory as a basic criterion for assessing the
truthfulness of facts, regardless ofwhether they are consistent
or inconsistent with the ideology they have already formed
[35]. We believe that the dual-process theory can be a key
factor in the acceptance of social robots.

This study has a double objective: first, to propose and
test a parsimonious technological acceptance model for the
case of social robots after a real entertainment experience,
based on the UTAUT. Second, we put forward the idea of
segmentation, in the sense that not all users (male and female,
more rational or heuristic) will express the same degree of
acceptance of new robot prototypes.

The paper proceeds as follows. First, a review of the litera-
ture that leads to the proposed researchmodel and hypothesis
justification is provided. Second, the research methodology,
data analysis and results are presented. Finally, it concludes
with a discussion about research and its practical implica-
tions.
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2 Theoretical Background and Research
Model

Despite the progressmade by industrial robots in the automa-
tion processes of routine and dangerous tasks for decades,
attention has only shifted towards the development of ser-
vice robots in the last ten years [5]. These robots have many
possibilities and applications include their domestic use, such
as the robot vacuum cleaner, use in hospitals as in the case
of robots that carry medication, or in tourist services, such
as the robot receptionist [37]. However, given that one char-
acteristic of services is the high degree of contact between
service providers and customers during the service [38], it
is foreseeable that frequent HRI will also occur with service
robots.

Social robotics is the field responsible for the study of
robots’ ability to interact and communicatewith other robots,
with humans and with the environment [39]. Taking into
account humans’ unconscious ability to attribute agency,
personality and intentionality to computer-mediated tech-
nologies [20], the study of HRIs implies understanding the
subjective perceptions that users have about what robots are,
how they work and what they can or cannot do, so that their
experience leads them to satisfaction [12]. One of the key
elements of social robotics is to analyse how their physical
appearance (i.e. mechanoid, humanoid or android) affects
users’ perception about their social abilities [37, 40]. There
seems to be a tendency to anthropomorphise the machines
with which humans interact socially, in entertainment and
home environments they are assigned female, baby or pet
shapes [4], since male forms can be perceived as threatening
[26]. In fact, Suchman [28] considered that the key attributes
to endow a machine with humanity are embodiment, emo-
tion and sociability. In the case of anthropomorphic robots,
HRI has been considered as if it were a between-human rela-
tionship [27, 41]. For example, the fact that a robot shows a
more social or kinder condition has a similar effect to that of
humans when they behave in a more social or kinder manner
[8, 23]. That is, the degree of anthropomorphism of the robot
will have an effect on user perception.

From the consumer’s perspective, the comprehension of
a new technology, such as social robots, is usually more the
result of their social activity than their scientific, technolog-
ical or industrial knowledge [20, 42]. In other words, how
individuals understand and value a technology is directly
related to the prevailing social attitude towards that tech-
nology. Consequently, the social position of each individual,
their culture, gender, social class, intellectual capacity, age,
etc. contribute to the way in which robots are considered as
social entities in everyday situations [37].

All these precedents highlight the importance of social
influence in technological acceptance. Consequently, to
study the acceptance of a semi-humanoid robot in the context

of entertainment services, we propose to work with models
derived from social psychology, which is the field of social
sciences that studies the influence that the real, imaginary or
symbolic presence of other people has on people’s thoughts,
feelings, perceptions, motives and behaviours [43].

2.1 Social Robots for Entertainment

A social robot is one that has the ability to communicate
and interact with humans and other autonomous physical
agents, autonomously and following social rules. Currently,
most social robots are prototypes that need to be operated
by humans, but advances in artificial intelligence, codified
ethics and improvements in sensor technology are increas-
ing their degree of autonomy [44]. In addition, these robots
are designed for keeping company and for entertainment,
which means involving users physically, cognitively and
emotionally both inside and outside the home, and having
an anthropomorphic appearance is particularly relevant in
this case [45]. In both humanoids and droids (android or
gynoid for women), the design of their physical appearance
is related to the type of tasks they can perform [46]. For
example, while security robots are designed as male, domes-
tic robots are given female characteristics. These applications
that reproduce gender stereotypes in social robots have been
criticised, as has the fact of trying to bring humanoid robots
into homes [6, 47]. Robertson [30] even considered the intro-
duction of humanoid social robots to be the vanguard of
post-human sexism developing in a reactionary rhetoric. In
her study of Japanese society, characterised by a pronounced
labour shortage, a flat birth rate and an ageing population,
humanoid robots are preferred over immigrants to care for
children and the elderly and to help with housework. More-
over, their application in homes to perform household chores
aims to make the traditional family model more attractive
for women and thus encourage them to become pregnant and
serve as machines for giving birth (to future workers) rather
than to pursue their own professional careers [30].

On the other hand, although often confused, droids have a
far more realistic human appearance than humanoids, which
have forms that are simpler, more stylised or similar to car-
toon representations of the human form. Although people
who interact with humanoids immediately recognise their
human appearance, since they have a head, facial features,
eyes, ears, eyebrows, arms, hands, legs, etc. [48], it is also
important to exhibit social skills to facilitate natural commu-
nication [49]. That is, in addition to its physical appearance,
it must use communication protocols, combining verbal and
kinetic (non-verbal) channels, capable of being adapted to
meet the user’s information needs so as to convey the feeling
of having a fluent conversation [50]. Consequently, we can-
not expect individuals who have experienced an HRI with a
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humanoid social robot to respond in the same way as when
dealing with other technologies [20, 37].

2.2 Technological Acceptance of Social Robots

Based on social psychology, technological acceptance mod-
els have been developed that attempt to analyse and relate
informational factors that explain how users accept and use a
new technology. Although there are many [51], we are going
to introduce those that have become the most relevant in HRI
[22, 23]. One of the pioneers was the Technology Accep-
tance Model (TAM), developed by Davis [14], and based
on the proposals made by the Theory of Reasoned Action
(TRA) [15] and by the Social Cognitive Theory (SCT) [16].
Davis [14] proposed TAM from a utilitarian perspective and
considering a work environment. The intention to use the
new technology depended on the perceived usefulness (how
this technology improves work efficiency) and the perceived
ease of use (how easy it is to use this technology), both of
which are components of attitude. In addition, he consid-
ered that this relationship could be moderated by external
variables, such as age, gender, etc. Although the TAMmodel
was studied for more than a decade and underwent numerous
modifications, changes in theoretical paradigms (Theory of
Planned Behaviour proposed by Ajzen) [51] and consumers’
greater familiaritywith such devices led themodel to become
the Unified Theory of Acceptance and Use of Technology
(UTAUT) [17, 18]. It is an eclectic model, which combines
theoretical foundations and empiricism, and due to its greater
predictive capacity, it is considered a more integrative model
than TAM and has imposed itself upon the other theories of
technology adoption [19].

Although more advanced models such as the UTAUT-2
[18] have been proposed, they are better suited for use in
an environment of market maturity and widespread famil-
iarity on the part of consumers (computers, mobile phones).
The UTAUT can be a good basis for developing models of
technological acceptance of social robots for two reasons.
First, although the TAMmodel could be considered the most
appropriate at an introductory stage, social robots, due to
their embodiment and social skills, are completely different
from other technological devices, such as laptops or smart-
phones [23, 52]. As noted above, the TAM model considers
that the intention to use depends exclusively on its cogni-
tive evaluation (perceived usefulness and perceived ease of
use), which is deemed appropriate in the context of indus-
trial robotics. For example, Bröhl et al. [53] proposed an
adaptation of the TAM model to study how industrial work-
ers accept sharing their task with a robot (the acceptance
of human–robot collaboration) and, furthermore, analysed
differences in the degree of acceptance in four countries (Ger-
many, Japan, China and the United States). Second, when
a social robot acts by offering a service, it should not only

provide the core of the service, but also add value with socio-
emotional and relational elements [54]. That is, the core of
the service generally relates to functional outcomes, while
the relational form (a female/male voice, the tone of the con-
versation) is linked to its social outcomes [55]. This view is
in line with that of Heerink et al. (2010) [23], who extended
the TAM by including a number of socio-emotional and rela-
tional variables in the context of elderly care. Ultimately, the
UTAUT seems more suitable for service delivery than the
TAM.

According to UTAUT the intention to use a new tech-
nology, such as an entertainment social robot, is explained
by four constructs: Performance Expectancy (a new name
assigned to TAM’s PerceivedUsefulness), Effort Expectancy
(a new name for TAM’s Perceived Ease to Use), Social Influ-
ence and Facilitating Conditions. In addition, it is moderated
by user characteristics (Gender, Age, Experience and Volun-
tariness of Use). TheUTAUT represented an improvement of
the TAM by incorporating two new constructs: the perceived
social influence, which represents the degree of acceptance
that an individual receives from his/her social environment
when using the new technology, and the Facilitating Condi-
tions, that is, the individual’s perception of their degree of
control over this new technology. These modifications rep-
resented an adaptation to the Theory of Planned Behaviour
and an improvement in the theoretical basis.

There are numerous precedents for studying the tech-
nological acceptance of social robots, and they have been
conducted within a wide range of services and scenarios.
These scenarios range from text descriptions, video repre-
sentations and, more realistically, Wizard-of-Oz scenarios
[51]. The outcomes of front-office services are experiences,
and social robots, with their ability to generate social interac-
tion during the customer encounter, contribute to co-creating
this experience [55]. The use of social robots in different
services and with different degrees of abilities to interact
with customers will result in different experiences [55]. This
study, to our knowledge, is the first to evaluate the technolog-
ical acceptance of an entertainment robot after undergoing a
direct, face-to-face experience and having a conversation,
including messages giving advice and encouragement (as
recommended by Suchman [28] and Savela et al. [51]).

In order to study users’ attitude or intention towards
robots, on the one hand, it is necessary to take into account
their degree of accessibility. This refers to the degree of inten-
sity of the relationship between the evaluating subject (user)
and the object of evaluation (the robot) [43]. And, one way
to achieve greater accessibility is to have a direct experience,
rather than to do so indirectly through other users’ comments
or published information. This direct experience results in
more extreme and less ambivalent ratings [43, 51]. Similar
results have been obtained in robotics research [23, 57]. For
example, Savela et al. (2018) [51] found that in studies of
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robot technology acceptance, when participants rated hypo-
thetical experiences, they were more likely to report negative
attitudes than when exposed to real robots, whose ratings
were more positive. When people lack first-hand experience
with robots, they must base their ratings on social represen-
tations or mental images stored in memory, which affect not
only the degree of intensity but even the direction of the atti-
tude [43, 51].

On the other hand, while a first impression contributes
significantly to the formation of a general idea about HRI,
it is not sufficient to be able to appreciate all the relevant
factors involved, as accessibility also requires more experi-
ences [43]. Therefore, after a first brief experience, it is better
to propose to participants the evaluation of a parsimonious
model (with few factors), but with the essential elements,
rather than a more complex model with relationships that
they will not have had enough time to appreciate and inter-
nalise [43]. Butwhat are the essential elements that themodel
should include? According to social psychology proposals,
they are cognitive, affective and behavioural elements [43].

Taking into account the above considerations and the
context of a still developing social robot technology, a
parsimonious model is proposed to evaluate users’ techno-
logical acceptance after a real entertainment experience [58].
Although the proposal is based on the UTAUT, it must take
into account the three essential elements proposed by Gerrig
[43], adapted to the technological acceptance of social robots.
The three elements are: functional (perceived usefulness and
perceived ease of use), socio-emotional (social influence)
and relational (perceived enjoyment) [55]. Thus, given that
the service provided by the robot is to entertain, perceived
enjoyment has been incorporated into the model and, due
to the nascent stage in which social robotics currently find
itself, the use of the Facilitating Conditions construct does
not make sense until consumers become more familiar with
it, so it has been removed. The proposed model is defined by
the following hypotheses:

H1. The perceived usefulness of using an entertainment
robot is positively related to the intention to use it.

H2. The perceived ease of use of an entertainment robot
is positively related to the intention to use it.

H3. The perceived enjoyment of the use of an entertain-
ment robot is positively related to the intention to use it.

H4. The social influence of the use of an entertainment
robot is positively related to the intention to use it.

H5. The perceived ease of use of an entertainment robot
is positively related to the perceived usefulness.

2.3 User Gender

Consumer gender is frequently used both as a basic criterion
for product and service segmentation [56] and in commu-
nication and advertising campaigns [59]. In fact, gender is

one of the most widely used segmentation factors, as it
is easy to identify, accessible and the segments generated
are broad enough to be cost-effective [56]. This practice is
based on the assumption that men and women have dif-
ferent cognitive structures, personality traits and interests
associated with their gender roles, which guide their judge-
ments and decision-making processes [60]. Under this belief,
enterprises such as the Coca-Cola Company have designed
products with almost the same ingredients, Coca-Cola Zero
and Diet Coke, the former targeting male consumers and the
latter targeting female consumers of zero-calorie soft drinks
[61].

The literature on HRI has also addressed the gender issue
from different perspectives. Nomura [11] proposed a classi-
fication of these studies into three categories: i) implications
of the male, female or neutral gender of robots in users’
acceptance [26, 62]; ii) acceptance of robots according to
the user’s gender [8]; and iii) interaction effects between
the genders of robots and users [27]. All these perspectives
have been criticised both for not differentiating between sex
and gender, and for reproducing heteronormative and binary
gender stereotypes [8, 30]. That is, while sex is formed by
the biological nature of the human body, gender refers to
the stereotyped characteristics related to social expectations
about behaviours, attitudes and preferences that are consid-
ered adequate or inappropriate [6, 56].

Furthermore, it has also been pointed out that reducing
the analysis of participants to their sex or gender leads to an
excessive emphasis on gender differences, neglecting other
relevant factors such as age, socioeconomic level, experience,
etc. [6]. For example, Wang and Young [8] highlighted the
under-representation of women in science and engineering
and even as participants in HRI studies. They also criticised
the oversimplification that the gender dichotomy implies and
advocated for greater sensitivity in order to achieve more
nuanced results, while also proposing some advice on how
to accomplish an inclusive approach [8]. Later, Rea et al.
[25] carried out a study that replicated other studies that use
gender stereotypes with the aim of trying to validate these
stereotypes or show them to be false. Mixed results were
obtained: while some stereotypes such as male participants
being less polite than females towards robots were validated,
others such as women’s lower commitment or greater con-
cernwith robotswere disproved.However, the test conducted
by Rea et al. [25] used small samples and only considered
gender, ignoring any other factor.

This controversy stems from the ongoing debate among
psychologists regarding the different behaviour of men and
women, that is, whether these differences are mainly due
to genetic-biological inheritance (nature) or environmental
influence (nurture) [56, 63]. Awide range of theories attempt
to explain the causes of these differences, ranging from the
extreme nativists (those who believe that genetic, hormonal
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and brain structure influences are responsible for different
behaviours) [32] to the extreme ecologists (who attribute
them to the socio-cultural environment, stereotypes and the
media) [16, 33].

According to nativist theories, the basis for behavioural
differences between the sexes is due to chromosomal and
hormonal differences, as well as differences in brain struc-
ture and cognitive processes [43, 56]. Among the hormonal
differences, testosterone plays a key role in determining the
sex of a newborn and also affects mood formation and per-
sonality. In particular, androgynous differences affect their
interests, activities and levels of aggression [64]. The fact
that these differences emerge at a very early age and are
found in all cultures suggests the involvement of biologi-
cal factors [65]. But, in addition, technical advances in brain
scanning have also detected structural differences between
males and females. For example, the use of MRI to anal-
yse sex differences in the orbitofrontal cortex revealed that
women have a larger volume in regions related to emotional
and affective regulation than men [64]. Evidence has also
been collected on the different ways in which men’s and
women’s brains work to perform cognitive and emotional
tasks. For example, Canli, Desmond andGabrieli (2002) [66]
showed that men and women activated different neural cir-
cuits to encode stimuli in memory, in this case the stimuli
consisting of funny and neutral images. The results showed
that, in general, women recalled the funny images stored in
memory with more humour than men, and the explanation
had to do with the greater number of brain regions activated
both during the viewing of the more emotional images and
during subsequent recall.

In summary, while decades ago biological differences
between the sexes were considered to have little impact on
their behaviour [56], recent research is changing that view
by uncovering significant differences in brain activity. In the
prefrontal cortex, men, compared to women, produce more
neural activity to achieve the same behaviour, in line with
the neural efficiency hypothesis. According to this hypoth-
esis, the more intelligent (IQ) produce less neural activity
than the less intelligent to perform the same cognitive task.
In addition, evidence has been collected showing that in
visual processing regions, males report higher activity than
females in storing and retrieving realistic visualisations from
long-term memory. Finally, gender differences in parahip-
pocampal cortex activity have also been found, for example,
greater use of verbal strategies by females than males [64].

According to the ecological school of thought, gender role
is a social construct. First, children identify themselves with
a gender (usually their own) and then, through the learning
process, try to make their identification congruent with the
norms of behaviour, motivations and feelings they perceive
as appropriate for that gender [43, 56]. Within this school
of thought, several theories have been proposed, one of the

most prominent being social role theory [67]. According to
this theory, differences between men and women in skills
and personality traits often reflect traditional gender roles in
society. Thus, men are guided by agentic goals that empha-
sise assertiveness, self-efficacy and dominance. In contrast,
women are guided by communal concerns that emphasise
interpersonal affiliation and harmonious relationships [56].

Today, controversy continues to rageover the origins of the
behavioural gender difference, as there are: (1) researchers
who argue for a decisive socio-cultural influence on the
formation of behavioural patterns [33, 67], (2) those who
emphasise biological factors [64, 65] and (3) those who
believe that the truth must lie somewhere between nature
and nurture [68, 69]. One of the theoretical streams that
recognises the influence of both biological and socio-cultural
factors is evolutionary psychology. As its name suggests, this
theory adopts the Darwinian principles of natural and sexual
selection that ensure the survival of the species. According
to its precepts, behaviour is due to the existence of adap-
tive programmes, the results of human evolution, which have
taken root in the brain and reflect the overcoming of different
survival challenges faced by our hunter-gatherer ancestors
over thousands of generations [70]. For example, biology
has endowed women with the ability to procreate, and they
have ancestrally had to raise their offspring in a hostile envi-
ronment. Thus, those women who invested more in affection
and care for their children and, in addition, developed cogni-
tive skills to detect dangerous situations may have promoted
their survival and gained an evolutionary advantage [71, 72].
In addition, these programmes acquired over thousands of
years take time to change, resulting in temporarymismatches
between the prevalence of ancestral behaviours and amodern
environment, which are called “evolutionary delays” [73].

Since hunter-gatherer societies still survive, it has been
possible to conduct ethnographic studies on their tradi-
tions and customs, which have shed light on our ancestors’
behaviours (an example is Hill and Hurtado [74]). A promi-
nent feature of these societies is labour division between
genders, so while men have the main task of hunting and
defence, women are engaged in gathering, reproduction and
the care of offspring [75].This is oneof themost controversial
and contentious issues among different theoretical currents
[67]. For example, social role theory suggests that labour
division between sexes creates gender role expectations that
lead to differences in social behaviour and personality. Thus,
men are more assertive and aggressive because they have
historically been more likely to assume leadership positions,
while women do not develop these characteristics because
they do not play these roles [67]. This explanation contrasts
with that provided by evolutionary psychology. According
to DeVore and Tooby [76], this labour division that assigns
the most dangerous tasks to men is the most efficient for
promoting group survival.
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This separation of tasks for thousands of generations has
led to the formation of differences in physical characteristics
(greater physical strength and size in men) and in percep-
tual and cognitive skills (ways of processing information)
between genders. Thus, a study conducted in 40 countries and
with seven ethnic groups showed that women, as a result of
their adaptation to gathering, have developed a better mem-
ory for remembering the spatial location of objects, while
men, as an adaptation in hunting animals, have developed
better navigation, map-reading and three-dimensional men-
tal rotation skills [77]. And, although it has been shown that
spatial skills can be improved with practice, this does not
eliminate the male advantage in these skills [78].

To analyse how these cognitive gender differences affect
the intention to use a social robot, this paper proposes that it
is necessary to study their effect on antecedents or explana-
tory factors from an eclectic theoretical perspective. In other
words, we need to know how the different cognitive abilities
of men and women can affect the perception of usefulness,
ease of use, perception of enjoyment and social influence and
their effect on the intention to use. In studies on technolog-
ical acceptance, significant differences have been detected
between men and women, the latter being more reluctant to
accept technological innovations than men [29, 79]. Even in
one of the most widespread technologies, such as the use of
the Internet, women make less intensive use of it than men
[80]. The literature has compiled several explanations for this
behaviour: women perceive themselves as being less skilled,
having less control over new technologies [8, 81] and encoun-
tering greater difficulties to understand them than men [79,
82]. Even in the search for information they believe they are
less effective than men [83]. All this has led, in the most
advanced models of technological acceptance, to consider
gender as a moderating variable, although without any theo-
retical support [17].

Similar findings appear in the acceptance models of social
robots. For example, Nomura et al. [57] showed that women
had more negative attitudes than men and, in another exper-
iment, Nomura et al. [84] also found that women had
more negative attitudes towards the social impact of robot
implementation. In another study conducted in Taiwan on
how parents perceive educational robots, results showed
more negative attitudes in mothers than in fathers towards
entrusting their children’s education to robot machines [85].
However, in the second study there may be a problem of con-
founding factors, since the degree of acceptance of robots can
be confused with the difference in parenting styles between
men and women [59]. Regardless of these results, for both
researchers and practitioners in social robotics, it is essential
to know how men and women differ in their cognitive pro-
cesses, affective responses and reactions to robot stimuli in
order to adjust robots to their preferences and to be able to
initiate a process of market segmentation.

Meyers-Levy and Stemthal [68] established some of the
different cognitive abilities between genders. In their rela-
tionship with the environment, women capture and process
more information, in a more comprehensive and enveloping
way than men. This ability is due to the fact that they have
a lower perception threshold, which allows them to capture
information that is unnoticeable to men, such as the per-
ception of non-verbal emotions and the ability to develop
a deeper understanding of emotions [62]. In other words,
women will pick up non-verbal language better than men,
and will also be more sensitive to possible risk signals from
the robot, whereas menwill pick up less non-verbal language
and will not be aware of low-risk signals coming from the
robot [86].

On the other hand, men perceive and process informa-
tion with greater focus, are more selective in stimuli and pay
attention to pieces of information that they consider more
relevant, while women tend to process information more
comprehensively [59, 79]. These different cognitive abili-
ties have resulted in a greater preference for instrumentality
[87] and the usefulness of objects in men than in women [88,
89]. Thus, we can predict that in the case of acceptance of
entertainment robots:

H6. For women, perceived usefulnesswill be a less impor-
tant precedent of the intention to use the robot than for men.

Since women have a greater ability to scan the environ-
ment and gather information (for example, they scrutinise
with greater eye fixations) than men, this competence has its
advantages and disadvantages. On the one hand, this abil-
ity allows them to better recognise the environment, to have
a global vision and to quickly grasp the robot’s possible
subtle gestures of danger but, conversely, makes it difficult
to establish quick relationships between objects [90] and,
consequently, to elucidate the intrinsic difficulty of robot han-
dling. This proposition is in line with the idea that men pay
more attention to specific elements (characteristic attributes
of the robot) while women are processors of the relationships
between all elements (of the robot with the environment)
[65]. With these precedents, in the case of entertainment
robots we can expect:

H7. Forwomen, perceived ease of usewill be a less impor-
tant precedent of intention to use the robot than for men.

On the other hand, since men process information in a
less exhaustive way and focus on specific elements, this pro-
cedure helps them establish quick relationships with less
information [59] and, consequently, the perception that ease
of use will be less relevant to their usefulness. Conversely,
women, who see more complex relationships between the
elements of the robot, will consider ease of use to be a
more relevant factor for their usefulness. This has resulted in
women’s self-assessment as having less confidence in their
performance with new technologies [79, 91] and considering
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that they have greater difficulty than men to understand them
[82].

H8. For women, perceived ease of use will be a more
important precedent of perceived usefulness than for men.

Regarding the hedonic precedent ofHRI,Wang andYoung
[8] pointed out that men show greater enthusiasm for using
robots for entertainment and, in addition, women tend to feel
more nervous when interacting with robots, since, as noted
above, they are more sensitive to any possible risk signals
[86]. Some authors have also noted the greater propensity
of men to agency and women to community, which drives
men to look for new technologies in order to explore more
personal interests, such as entertainment and economic per-
formance, and women to seek greater social participation [8,
92]. However, as Canli et al. [66] pointed out, women showed
a greater ability than men to store in memory and later recall
entertainment experiences. Thus, in the case of entertainment
robots:

H9. For women, perceived enjoyment will be a more
important precedent of intention to use the robot than for
men.

Studies on different motivational factors between the
sexes show that women outperformmen on socio-emotional,
expressive and interpersonal traits, while men outperform
women on task-oriented, instrumental and agentic traits [65].
In addition, differences in the influence of context on emo-
tion expression have also been reported, i.e. women are more
emotional in an interpersonal context, while men are more
emotional in an achievement context [59]. In this study, both
elements could be present: (1) men being emotional about
achieving the goal of the game, and (2) women being emo-
tional about engaging in an interpersonal conversation with
the robot. However, the literature reports a greater tendency
for women to be socially affiliated and to take others’ opin-
ions into account when making their own judgements [8, 59,
93]. And, unlike men, they use new technologies more for
social than for personal purposes. Women use the Internet
with greater intensity than men to communicate with other
people, for example, by sending emails [94]. In the case of
entertainment robots, we propose:

H10. Forwomen, perceived social influencewill be amore
important precedent of intention to use the robot than formen.

2.4 Intuitive and Reflexive Processes

Although the participant’s reasoning system is a common
variable in the literature on strategic management decisions
[95], to our knowledge it has never been used in technol-
ogy acceptance models of social robots. Nevertheless, it
is not a variable that is entirely alien to the world of the
new technologies, since it has been used to study the effect
of use of smartphones [96]. According to the dual-process
theory, when individuals must make a decision, they can

tackle it through a fast heuristic process or through a more
elaborate and slower analytical process [97, 98]. Although
dual-process theories began to develop in the 1970s [99], it
was not until the last decade that they have reached greater
diffusion in the literature, probably due to the further devel-
opment of evolutionary psychology [97, 98], the impact
achieved by some of its applications [36] and their use in
the study of strategic decisions [36, 95].

This theory proposes that individuals use two different
evolutionary cognitive systems to process information: a
primeval system, similar to that used by the more developed
animals, and another that is unique to humans and supe-
rior to that of animals [98]. The first, considered primitive,
autonomous, intuitive and which does not require mem-
ory work, is called system1 and the second, deliberative,
analytical, reflective, which requires memory work, cogni-
tive decoupling and mental simulation, is called system 2
[34–36]. System 1, which is intuitive, is conceptualised as a
rapid, non-conscious decision-making mechanism that uses
patterns and associations of ideas to derive affective judge-
ments [100]. As individuals who use heuristics to make their
decisions, they later find it difficult to reconstruct and explain
thoroughly the decision-making process [34]. In contrast,
in system 2, individuals use an analytical, systematic, rule-
based and explicit mechanism to make decisions [101]. That
is, they follow a step-by-step process that includes identi-
fying and formulating the problem, thoroughly evaluating
relevant information, generating a set of alternatives, evalu-
ating them, and finally making a logical decision based on
conscious deliberation [34, 95].

Although system 1 (intuitive) and system 2 (rational) are
recognised as valuable for decision-making, they are funda-
mentally different [97, 98]. It seems that people tend to use
intuitive processes more frequently than cognitive decou-
pling, that is, more heuristic than abstract reasoning and
cognitive reflection [102]. In an attempt to explain this bias,
Todd [103] proposed that human beings, like all other living
beings, have adopted the principle of energy efficiency in
their behaviour. Because analytical processes require effort
and consumption of energy resources, individuals generally
try to avoid them by replacing them with quick and econom-
ical heuristics. This process has led to qualify human beings
as miserly cognitive [35].

However, the use of quick heuristics does not mean mak-
ing incorrect decisions. An evolutionary heuristic has been
formed over thousands of years as a result of overcoming
challenges to survival and, in many situations, can improve
decision-making performance [104] and overcome more
complex decisions [105]. Yet, some evidence shows that
when individuals trust in their intuitive response, they are
unlikely to rethink or change their decisions after reflection
[106]. Furthermore, heuristic effectiveness depends on the
environment. While in routine environments, where people
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have learned to identify the key elements, the use of system
1 can generate acceptable responses, whereas in hostile or
stochastic ones, the responses of system 2 are more efficient
[34].

Not all people exhibit the same behaviour, however, and
some are less miserly and make more intense use of ratio-
nality than others [107]. In a study on the use of new
technologies, it was found that smartphones were considered
more useful and practical by the more miserly cognitive than
by those with a greater propensity to rationality [96]. That
is, those who rely more on intuition are more prone to inten-
sive use of smartphones, since they resort to their smartphone
more than to their mind to obtain information, thereby show-
ing a greater dependence on that external source than people
who use their own mental resources [106]. In other words,
the principle of energy efficiency still applies [103] and users
are getting used to having a portable brain and not consuming
energy from their own. We expect these individuals to adopt
the same logic with social robots and, by accepting an enter-
tainment robot, we can propose the following hypothesis:

H11. For participants using heuristics (system 1), per-
ceived usefulness will be a more important precedent for
the intention to use the robot than for participants using rea-
soning (system 2).

As noted above, people with system 1 (heuristic) resort to
looking for key elements that facilitate their assessment. That
is, among all the variables that can affect decision-making,
theyonly focus on a few that they consider relevant (for exam-
ple, if a consumer is considering the purchase of a product,
s/he must use price or brand as a heuristic criterion). But,
when these elements are difficult to assess, they are often
replaced by easier ones, even if they are less accurate [107].
This implies that for a consumer applying heuristic logic
there is no real perception of difficulty [34], since, to con-
tinue with the example, if the consumer is unfamiliar with
the brand, s/he simply resorts to price as a decision criterion.
Therefore, for participants who use heuristic logic in their
decision process, ease of use will not be relevant for them. In
the case of entertainment robots, we hope this predisposition
also prevails:

H12. For participants using heuristics (system 1), per-
ceived ease of use will be a less important precedent for the
intention to use the robot than for participants using reason-
ing (system 2).

However, the principle of energy efficiency that prevails
in participants applying system 1 [103] will cause them to
consider ease of use as a precedent for determining the use-
fulness of the robot. Something similar has been detected
with the use of smartphones, since their greater use among
the miserly cognitive is closely related to proximity, accessi-
bility and ease of use [96]. With these precedents, in the case
of entertainment robots we can expect:

H13. For participants using heuristics (system 1), per-
ceived ease of use will be a more important precedent of
perceived usefulness than for participants using reasoning
(system 2).

It is difficult to establish a relationship between cogni-
tive systems and entertainment perception. Studies that have
analysed entertainment have traditionally focused on the
measure of hedonic and pleasurable responses [108]. How-
ever, Oliver and Bartsch [109] considered that from the feel-
ing of enjoyment two different qualitative experiences must
be distinguished: mere enjoyment and appreciation. Thus,
while enjoyment generates immediate positive responses
of excitement and enthusiasm, appreciation generates more
reflective and long-lasting cognitive responses [109]. Simi-
larly, Vorderer and Ritterfeld [110] discussed the distinction
between enjoyment and appreciation in the context of digital
games, considering that, in contrast to entertainment games,
experiencing appreciation was more related to educational
games (called serious games) that allow for higher-order
goals, such as improving competence [110].

Lewis et al. [111] associated these experiences derived
from enjoyment with the dual-process theories. They pro-
posed that while enjoyment follows a quick and intuitive
process to generate a response, appreciation, in contrast,
requires a slow and controlled evaluation, capable of weigh-
ing up the existence of conflicting needs or emotions [111].
Although this distinction has not been made in this study, the
context in which the study is framed means that we consider
perceived enjoyment in an HRI to be closer to apprecia-
tion than mere enjoyment. Therefore, given that appreciation
requires analytical effort and the consumption of energy
resources, people who are more predisposed to the use of
heuristics (system 1) will try to avoid their involvement and
will therefore value this driver less when accepting this new
technology [35]. This consideration is in line with findings
obtained by Barr et al. [96] in their experiments. Although
they have not been able to find significant relationships, their
results pointed towards a greater predisposition to entertain-
ment with the use of smartphones by more rational users. In
this study we want to determine whether this indication can
be verified in the case of entertainment robots.

H14. For participants using heuristics (system 1), per-
ceived enjoyment will be a less important precedent for the
intention to use the robot than for participants using reason-
ing (system 2).

Something similar occurs between the social influence and
the cognitive system of individuals. Although we have not
found any direct evidence, the work by Pennycook and Rand
[35] suggests that individuals who follow system 1 show
greater credulity regarding epistemically suspicious infor-
mation (fake news), greater religious belief and, conversely,
a greater disbelief towards scientific proposals, such as evolu-
tion, than those who follow a deliberative reasoning process
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Table 1 Demographic profile of the respondents

Variable Description Frequency Percentage

Gender Male 113 51.6

Female 106 48.4

Age 18–24 years 42 19.2

25–34 years 66 30.1

35–44 years 43 19.6

45–54 years 41 18.7

More than 54 years 27 12.4

Nationality Spanish 183 83.6

Rest of Europe 13 5.9

North American 2 1

South American 11 5

Asian 4 1.8

Others 6 2.7

[36]. That is, all these studies underline a greater indepen-
dence on opinion among people who use reasoning rather
than intuition and, therefore, a lesser need for social approval
to make their decisions. Other evidence has shown that more
intuitive users make more intensive use of smartphones and
social networks than those who show greater intensity ability
[96]. Associating this idea with the acceptance of an enter-
tainment robot, we can propose that:

H15. For participants using heuristics (system 1), per-
ceived social influence will be a more important precedent
for the intention to use the robot than for participants using
reasoning (system 2).

3 ResearchMethod

Data were collected from 219 participants (51.6% men)
between 18 and 67 years of age and, mostly, Spanish (see
details in Table 1). The sample was collected among thou-
sands of visitors who, during a weekend, attended a fair on
ecological, intelligent and sustainable products in the city of
Barcelona. To carry out the field work, we installed a stand
consisting of two adjacent spaces and, to encourage partici-
pation,we invited visitors to take part in a gamewith aTIAGo
robot.

TIAGo is a semi-humanoid robot whose physiognomy is
made up of a head, a torso, an integrated arm and a base
for its displacement. It has a wrist sensor, a processor, RAM
and SDD memory, and laser navigation [112]. In addition, it
has skills in perception, navigation, manipulation and inter-
action with people, since it has an integrated system with
Artificial Intelligence algorithms. Furthermore, it also has
an LCD screen in its head that reproduces, in the form of
an animated cartoon, facial expressions in coordination with

Fig. 1 Participant playing the game with the assistance of the robot

the conversation [39]. All these skills and equipment make
TIAGo a versatile social robot, capable of following a con-
versation and adapting to the degree of help the participant
needs (Fig. 1 show photo playing with TIAGo).

The goal of inviting participants to play a game with a
TIAGo robot was to offer them a first-hand experience, as
recommended by Suchman [28] and Savela et al. [51]. The
word-game consisted in guessing the five-letter name of a
Nobel Prize winner using the ten letters available on the
board. The moment the participant sat in front of the board
and the TIAGo, the robot greeted her/him and explained how
to play; during the game it offered different verbal clues,
depending on the user’s ability to complete it. After this
experience, participants answered a questionnaire evaluat-
ing 19 statements that form the five constructs analysed with
a 5-point Likert scale ranging from (1) totally disagree to
(5) totally agree. “Appendix A” presents the constructs, their
items and the source from which they were adapted. Finally,
respondents completed identification data and seven items
of the two versions of the Cognitive Reflection Test (CRT).
The CRT is a scale consisting of open questions that have
the characteristic of intuiting a simple but incorrect answer,
the correct answer being something more complex and diffi-
cult to discover. It has been used in the literature to estimate
the prevalence of the cognitive system and, in this study, the
seven-item version (three numerical and four non-numerical)
was used [35, 36]. “AppendixB” shows the expressions. Both
the general model and the models resulting from dividing the
sample between sexes or between cognitive systems were
estimated by SEM, from variance and covariance matrices
according to maximum likelihood with EQS 6.4 [113]. As
for the multigroup analysis, first, an invariance test was per-
formed showing that the factor loadings of the two groups can
be equalised, this was carried out for both multigroup analy-
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Table 2 Analysis of the
dimensionality, reliability and
validity of the scales (mean and
SD)

Factor loading T Mean SD

Perceived enjoyment (AVE: 0.67; CR: 0.83; Alpha: 0.83)

It’s fun to talk to the robot 0.81 3.61 3.10 1.31

It’s fun to play with the robot 0.88 3.62 3.56 1.21

The robot looks enjoyable 0.66 3.58 2.91 1.32

Perceived ease of use (AVE: 0.67; CR: 0.83; Alpha: 0.82)

Immediately I learned how to use the robot 0.83 4.83 3.93 1.14

The robot seemed easy to use 0.81 4.47 4.10 1.06

I think I can use the robot without any help 0.71 4.53 3.71 1.19

Perceived usefulness (AVE: 0.66; CR: 0.83; Alpha: 0.82)

I think the robot is useful to entertain 0.68 6.97 3.87 1.24

It would be nice to have the robot to entertain 0.85 7.96 3.09 1.25

I think the robot could be used to entertain me and do other things 0.81 7.38 3.38 1.21

Social influence (AVE: 0.70; CR: 0.85; Alpha: 0.84)

I think my friends would like me to use the robot 0.74 11.96 2.96 1.20

I think it would give a good impression if I played with the robot 0.90 20.83 2.90 1.19

People whom I value your opinion I think they would look good
that I play with the robot

0.78 15.63 3.12 1.22

Intention to use (AVE: 0.67; CR: 0.83; Alpha: 0.82)

If the robot was available I would try to use it 0.71 3.52 3.37 1.15

If the robot was available I would try to use it whenever I could in
my spare time

0.88 3.70 2.74 1.22

If the robot was available I would be thinking sometimes when
using it

0.77 3.55 2.18 1.15

The model fits Chi-square (χ2): 82.6673; df: 74; p: 0.22943; RMSEA: 0.023; CFI: 0.995; NNFI: 0.992
AVE is the average variance extracted, CR is the composite reliability

ses (gender and cognitive system). The two groups were then
analysed simultaneously. Finally, the relations were equated
1 to 1, allowing significant differences to be determined
through variation of the chi-square statistic, when comparing
the constrained and unconstrained model [113].

4 Analysis and Results

Before analysing themodel, the psychometric characteristics
of the scales were studied, which resulted in the removal of
four items. Table 2 describes the dimensionality, reliability
and validity of the resized scales and Table 3 shows their
discriminant validity. Cronbach’s alpha coefficient was cal-
culated to estimate the reliability of latent variables. Results
confirmed that all coefficients were above 0.7 (the cut-off
point recommended by the literature) [114]. A relationship
model based on UTAUT was then estimated using SEM,
which calculates the effect that different constructs have on
the dependent variable and, in addition, the amount of vari-
ability explained by this relationship model (R2). The R2

generated were in line with the sample size used: an R2 of
0.90 for the intention to use as the dependent variable and

0.11 for the perceived usefulness (Table 4, and Fig. 2 shows
the results as a path diagram).

The five hypotheses of the general model were confirmed.
According to the findings obtained, the intention to use an
entertainment robot is mainly explained by the social influ-
ence (0.45) and by the perceived enjoyment (0.31), a little less
by the perceived usefulness (0.25), and ease of use (0.12) was
the one that reached the lowest significant value. A rather sur-
prising result is that the main argument for using the social
robot was social influence, bearing in mind that the robot’s
goal is to entertainment. In turn, perceived usefulness was
explained by perceived ease of use (0.33).

Next, the sample was divided by sex (biological criterion),
between men and women, and a model for each segment
was estimated using SEM. Although the R2 are in line with
the size of the subsamples, the women’s segment generated
models with greater variability explained. For example, in
the intention to use an entertainment robot, the R2 of women
was 0.81, while in men it had a value of 0.77 (Table 5, and
Fig. 3 shows the results in a path diagram).

All five proposed hypotheses on sex differences have been
confirmed. That is, H6 suggested that perceived usefulness is
a more important precedent among men (0.37) than among
women (0.06, n.s.), H7 hypothesised that perceived ease of
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Table 3 Discriminant validity of the scales

Enjoyment Ease of use Usefulness Social influence Intention to use

Enjoyment 0.82

Ease of use 0.40*** 0.82

Usefulness 0.62** 0.35*** 0.81

Social influence 0.67*** 0.11 (ns) 0.67*** 0.83

Intention to use 0.64*** 0.11 (ns) 0.61*** 0.64*** 0.82

Below the diagonal: correlation estimated between the factors
Diagonal: square root of AVE
*p<0.05; **p<0.01; ***p<0.001

Table 4 Causal relations in the general model

Independent variable Dependent variable Beta T R2

PU ITU 0.25 2.05 0.90

PEOU 0.12 2.21

PENJ 0.31 4.73

SI 0.45 4.23

PEOU PU 0.33 3.63 0.11

Significant at p<0.05
ITU, intention to use; PU, perceived usefulness; PEOU, perceived ease
of use; PENJ, perceived enjoyment; SI, social influence

use is a less important precedent of intention to use forwomen
(0.05, n.s.) than for men (0.28), H9 proposed that for women,
perceived enjoyment is a more important precedent of inten-
tion to use the robot (0.42) than for men (0.15), and H10
posited that perceived social influence is a less important
precedent for the intention of use among men (0.33) than
among women (0.58), all of them with significant differ-
ences. In addition, H8 proposed that perceived ease of use is
a less important precedent for perceived usefulness among
men (0.29) than women (0.39), with significant differences.

Finally, the correct CRT responses made by participants
were quantified, the median was estimated and the sam-
ple was divided into two subgroups. These responses were

Fig. 2 General structural model
results (p<0.05) Perceived 
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Fig. 3 Structural model results.
Causal relationships for men
and women (p<0.05)
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used as an estimator of the cognitive process followed by
respondents [35, 36] and system 1 was assigned to those
who followed a more intuitive or heuristic process (obtain-
ing three or fewer correct answers) and system 2 to those
who followed a more rational process (obtaining more than
three correct answers).Models for each subsample were esti-
mated using SEM. Regarding the R2 values, in this study the
explanatory capacity of rational approaches in the intention
to use an entertainment robot were greater than those of gen-
der, the rational segment (system 2)models obtaining greater
variability explained (R2 � 0.92) than the heuristics (R2 �
0.85). However, the results of these two models do not show
many more significant differences among the precedents of
the intention to use a social robot than the sex-adjusted mod-
els (Fig. 4 shows the results in a path diagram).

Of the last five hypotheses proposed, only two have been
confirmed (H12, H15). According to H12, perceived ease
of use is a less important predictor among participants who
adopt system 1 (0.05 n.s.) than among those who use sys-
tem 2 (0.25), and H15, social influence is a more important
precedent among participantswho adopt system1 (0.50) than
among those relying on system 2 (0.36), both with significant
differences. Regarding the rest of the hypotheses, H11,which
proposed that the perceived usefulness is a more important
precedent among participantswho adopt system1 (0.26) than
among those with system 2 (0.20), differences were not sig-
nificant and the hypothesis was not confirmed. In the case of
H13, perceived usefulness is explained a little more by per-
ceived ease of use by those of system 2 (0.38) than those of

system 1 (0.32), against expectations but without significant
differences. For the proposal of H14 that perceived enjoy-
ment is a less important precedent among system 1 (0.28)
than among system 2 (0.34), although the values point in the
expected direction, the differences were not significant.

5 Discussion and Conclusions

This study proposes that parsimonious adaptation of the
UTAUT model can be used to evaluate the technological
acceptance of different social robot appliances [17, 18].
In this study, the acceptability of a social robot equipped
to entertain, assist and provide companionship has been
evaluated after a real-life HRI experience. Furthermore, it
proposes that market segmentation criteria should be taken
into account to analyse their acceptance. Specifically, in
accordance with the classification put forward by Nomura
[11], we study the acceptance of the social robot according
to sex and also the moderating role that can be played by the
users’ cognitive system. The results offer practical ideas for
robotic equipment designers to deliver designs that are more
likely to be accepted by different market segments.

On the one hand, the adaptedUTAUTmodel explains 90%
of the variability, providing a better fit than those achieved by
more complex models, such as the Almere model of Heerink
et al. (2010) [23] or the RAM-care model of Turja et al.
[24]. Moreover, it is more suitable than the TAM for eval-
uating services as it considers factors of the three essential
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Fig. 4 Structural model results.
Causal relationships for system
1 (intuitive) and system 2
(reflexive) (p<0.05)
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elements thatmake up the experience, i.e. cognitive, affective
and behavioural factors [43]. On the other hand, this model
is easily applicable by any practitioner, even if not proficient
in SEM, as fitting it with OLS produces very similar results
[115].

The findings of the full model indicate that the main
drivers of intention to use are, in order of importance, social
influence (affective factor), hedonistic motives (behavioural
factor), perceived usefulness and perceived ease of use (both
cognitive factors). In other words, the results point to a pre-
dominance of socio-emotional and relational functions over
utilitarian and functional ones, which are common in the
delivery of services [55]. Undoubtedly, the fact that the study
has been approached from the consumer’s perspective rather
than that of practitioners (i.e. Turja et al. [24]) may explain
this shift towards more affective and behavioural factors.
Next, we ask whether the factors that directly influence the
intention to use social robots will differ by market segment,
that is, between men and women or between more heuristic
and rational users. The results are discussed in the following.

First, the results support a positive relationship between
perceived usefulness and the intention to use a social robot

in four of the five models analysed. Although it has a below-
average weight in the full model, consumers consider that
a social robot should also fulfil utilitarian and not merely
protocol functions. These results are consistent with those
previously obtainedwith other technologies [17, 116], aswell
as with social robots [23, 24]. However, by segment, when
users are divided by sex, the results, in line with Brunel and
Nelson [88] and Multu et al. [89], point to a preference for
instrumentality and utility in men, but not in women, since
this relationship does not obtain significant results. That is,
men’s different ability to focus their attention on the rele-
vant elements of social robots makes them appreciate their
instrumentality and usefulness, while women, who tend to
process information in a more holistic way, do not see any
practical utility in the context experienced [87–89]. On the
other hand, when the analysis is performed comparing by
cognitive system, based on the principle of energy efficiency
(103), the more heuristic tend to give greater importance to
the useful and practical elements of new technologies than
the more rational, who usually consider themselves self-
sufficient [96]. Although the results point in that direction,
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in agreement with those reported by Barr et al. [96], they do
not reach significant differences.

Second, although in the overall model these results pre-
dict a positive relationship between perceived ease of use
and intention to use a social robot, it was the least significant
driver. However, it reached a higher and significant value for
the male model and the more rational user model. Ease of
use is a controversial factor that, despite the high incidence
in studies on the adoption of new technologies [17, 116, 117],
was not significant in the study with social robots by Turja
et al. [24] and, consistent with the results of this study, had
only a small impact in the work of Heerink et al. [23]. We
believe that these results respond more to a lack of knowl-
edge about the robot’s functions than a consideration of how
difficult it may be to operate it. In terms of sex segmentation,
contrary to Croson and Gneezy [91] and Vorvoreanu et al.
[79], ease of use is a significant argument to explain the inten-
tion to use only in men, with no significant result in women.
This result is consistent with the findings on perceived use-
fulness and in consonance with the idea that men pay more
attention to specific elements thanwomen.This characteristic
feature allowsmen to establish relationships between objects
[90] and to perceive the difficulty of handling them more
quickly than women, who process the relationships between
all items in a broadway [65]. Furthermore, these results are in
agreement with the greater predisposition of men to evaluate
tasks and functions compared to women, who assign greater
importance to interactions [8, 89]. Regarding the cognitive
system, the results also go in the opposite direction to what
Toplak et al. [107] indicated, although in line with what was
hypothesised, since the ease of use is only explained for ratio-
nal users, as heuristics haveno real perceptionof the difficulty
of using a social robot [34].

Third, given that the robot was equipped with software
enabling it to provide both assistance and entertainment, the
results point to a positive relationship between perceived
enjoyment and intention to use. Perceived enjoyment is oneof
themost influential factors in the technological acceptance of
almost allmodels. These findings are in agreementwith those
of Turja et al. [24], who found that perceived enjoyment is
the main factor explaining practitioners’ intention to use care
robots, and contrary to those obtained by Heerink et al. [23],
where utilitarian factors predominate over hedonics with
samples of elderly persons. These contradictory outcomes
could be explained both by using diverse target audiences
and by assessing different experiences. Thus, while Heerink
et al. [23] used elderly people rating aWizard-of-Oz scenario,
Turja et al. [24] asked professional caregivers, mostly nurses,
with experience in using robots such as Nao or Paro Seal and
therefore greater knowledge of their limited functions [28].
In other words, it seems that a greater knowledge of the real
abilities of robots makes them value hedonic factors more
than utilitarian ones. Comparing the sexes yields one of the

most interesting results. For women, unlike men, the enter-
tainment function is one of the most important drivers for
accepting social robots. This result suggests that for women
the robot’s ability to entertain, amuse or distract is central to
their acceptance and this idea links with Canli et al. [66], who
pointed out that women remember entertaining experiences
better than men. The hypothesis is confirmed, but contra-
dicts the results obtained byWang and Young [8] and Hupfer
and Detlor [92]. For Wang and Young [8], men perceive
entertainment robots and their potential impact more posi-
tively than women. Regarding the cognitive system, Oliver
and Bartsch [109] differentiated between mere enjoyment
and appreciation. Given that the game under consideration
requires a cognitive effort and that appreciation is more
related to educational games than to purely hedonic ones,
we have considered the first meaning, i.e. appreciation. How-
ever, although the results point to those obtained byBarr et al.
[96], giving greater importance to entertainment by people
following system 2 than those following system 1, these dif-
ferences are not significant.

Fourth, the findings back a positive relationship between
social influence and intention to use across all five models.
The belief about how peers and family members would view
me using the robot has a great influence on its acceptance.
These results are consistent with the findings of previous
UTAUT-based studies [17, 116] and, in the case of social
robots, the values reached in our study are much higher than
those of Heerink et al. [23] and Turja et al. [24]. According
to the sex segmentation criterion, unlike males, for females,
social influence is the most valued factor. The results fit the
prediction, as women are more emotional in an interper-
sonal context (conversation with the robot), while men are
more emotional in an achievement context (getting the right
answer) [59].Webelieve that in this study both emotional ele-
ments may have affected the weight achieved by the driver
of social influence. However, the literature reports a greater
tendency for women to be more socially affiliated and to take
others’ opinions more into account when making their own
judgements [8, 93, 94]. In terms of the cognitive system, we
detected a significant difference in perceived social influence
on intention to use, which was greater among heurists than
among rationals. As noted above, indirect evidence points
to greater credulity and trust in the opinion of others on the
part of system 1 followers than more rational followers [36].
That is, there tends to be greater independence of opinion
among system 2 users than among heuristics, who also need
less social approval to make their decisions.

Fifth, the results also predict a positive relationship
between perceived ease of use and perceived usefulness
across all five models. These findings are consistent with
those obtained in previous studies with UTAUTmodels [116,
118] or with Heerink et al. [23] with social robots. Regard-
ing sex segmentation, women find the relationship between
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Table 5 Causal relations in men/women and intuitive/reflexive

Independent
variable

Dependent
variable

Men
Beta

T R2 Women
Beta

T R2 P System 1
intuitive
Beta

T R2 System 2
Reflexive
Beta

T R2 P

PU ITU 0.37 2.10 0.77 0.06* 0.37 0.81 0.03 0.26 1.99 0.85 0.20 2.05 0.92 0.86

PEOU 0.28 3.50 0.05* 0.85 0.04 0.05* 0.85 0.25 2.53 0.02

PENJ 0.15 2.09 0.42 3.82 0.04 0.28 3.58 0.34 3.50 0.18

SI 0.33 2.58 0.58 4.04 0.03 0.50 3.64 0.36 2.57 0.03

PEOU PU 0.29 2.32 0.08 0.39 2.93 0.15 0.02 0.32 3.09 0.15 0.38 2.20 0.10 0.80

Significant at p<0.05
*Not significant

easy and useful more positive than men. On the one hand,
this result indicates that women recognise the complexity
involved in linking the elements of the robot and value ease
of use as a relevant factor in considering its usefulness. On
the other hand, it also highlights the fact that women have
less confidence in the performance and understanding of new
technologies thanmen [82]. By cognitive system,more ratio-
nal users, who tend to follow a step-by-step analysis process,
are more able to relate ease of use to usefulness and rate it
slightly more positively than those assigned to the heuristic
segment, although the differences are not significant. How-
ever, as this is an indirect effect, its impact on intention to
use is very small.

While it is undeniable that new technologies, as well as
robotic equipment, provide services that enable convenient
and accessible interactions, some authors have criticised that
this is at the expense of the emotional and human side of
service delivery [24, 55]. This study proposes to advance ser-
vice delivery with social robots with the capacity to perform
entertainment activities and capable of conveying feelings
and emotions.

With the degree of development reached by themost com-
mon social robots available on the market, such as TEMI,
JAMES, Pepper, etc. [119], the evidence collected in this
study suggests that social influence and hedonistic motives
predominate over utilitarian ones in the intention to use social
robots in an entertainment context. However, by segment,
men prefer a robot that is balanced between functionality
and sociability, while women give more importance to socia-
bility and entertainment factors. Evidence on the effect of
context has also been published in the literature [120]. Thus,
Schermerhorn, Scheutz and Crowell [121], who studied the
effect of the presence of a robot during a human activity,
found that men tend to regard robots as more "human" and
are more accepting of HRI than women. In this study, how-
ever, where there was direct interaction, it was women who
were somewhat more accepting of HRI. Overall, existing
research suggests that artificial entities interact with context
and human sex in complex ways that cannot be reduced to
a few simple dimensions or explanations [120, 122]. As for
the cognitive segments, for the more heuristic individuals,

social influence is the most relevant factor, while the more
rational ones prefer robots that are more balanced between
sociability and entertainment.

6 Implications and Limitations

Although a significant number of social robots, such as
TEMI, JAMES, Pepper, iCat, PARO Seal and Nao, among
others, have already been implemented in health centres to
entertain and provide patients with companionship [23, 24,
119], the most advanced humanoid robots such as TIAGo
are still in the lab phase and it is difficult to predict their evo-
lution [39]. However, the findings of this study suggest that
an entertainment robot should offer not only functional but
also socio-emotional and relational outcomes [54] in order
to achieve a positive experience and greater technological
acceptance [55]. In addition, users do not see the utilitarian
functions as very practical and so, to compensate, design-
ers should develop more hedonic and relational functions in
order to achieve greater acceptance.

Some implications stem from these results. First, as a theo-
retical contribution, a parsimonious adaptationof theUTAUT
model is proposed to study the technological acceptance of
a social robot equipped to perform entertainment activities
considering four factors and two moderators: sex (common
in UTAUT) and the cognitive system, which is the main
novelty of this study. Second, as an academic contribution,
the theoretical relationships underpinning sex differences are
presented. The extreme poles are described: nativists, who
consider genetic-biological inheritance as the basis for dif-
ferent behaviour, and environmentalists, who attribute it to
the socio-cultural context [56, 63]. Moreover, more recent
contributions from neuroscientific studies do not seem to
contribute to alleviating the disparate positions [64]. This
study aims to maintain an eclectic position and is framed
as an inclusive approach where robots’ designers can accept
that women and men may have different needs and prefer-
ences, but should aim for an inclusive and enabling solution
[8]. Third, a less controversial criterion, although with a
strong substratum of evolutionary psychology, is the differ-
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ence between cognitive systems (system 1 vs. system 2).
This is one of the main novelties of this study and, although
it does not show as many differences as sex, some are of tran-
scendental importance, as is the case of the different weight
of social influence between heuristics and rationales, for
example. Finally, although many studies use Wizard-of-Oz
settings or video images to study HRI, this study advocates
using real robots to make participants fully aware of their
real abilities and to avoid disappointment [28, 51].

Findings gathered in this research should be taken with
caution, since all participants experienced for the first time
an interaction with a semi-humanoid social robot, so the
technological acceptance model and the intention to use are
very hypothetical [123]. We hope that as users increase their
familiarity with social robots, their perspective and the fac-
tors considered relevant to the intention to use will change.
Another limitation has been the use of a convenience sam-
ple. As it was extracted from visitors to the fair who agreed
to collaborate in the research, this makes no statistical infer-
ence possible. Although we have attempted to find a balance
between men and women, the age of participants has not
been controlled for. Among possible extensions, we believe
that it might be interesting to continue carrying out studies of
technological acceptance using the cognitive approach and
focusing on the gender of subjects. Since gender is the factor
that has generated the most interesting results, its interac-
tion with other personality or characteristic traits could be
proposed as a promising line of future research.
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Appendix A

Constructs and items used

Code Construct Items Adapted from

ITU Intention to use If the robot was
available, I
would try to
use it

Palau-Saumell,
R.,
Forgas-Coll, S.,
Sánchez-
García, J.,
Robres, E.
(2019)

If the robot was
available, I
would try to
use it whenever
I could in my
spare time

If the robot was
available, I
would
sometimes
think about
using it

PU Perceived
Usefulness

I think the robot
is useful to
entertain

Heerink, M.,
Kröse, B.,
Evers, V.
(2010)

It would be nice
to have the
robot to
entertain

I think the robot
could be used
to entertain me
and do other
things

PEOU Perceived Ease
of Use

I immediately
learned how to
use the robot

The robot
seemed easy to
use
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Code Construct Items Adapted from

I think I can use
the robot
without any
help

I think I can use
the robot with
someone’s help

I think I can use
the robot if I
have some
good
instructions

PENJ Perceived
Enjoyment

It’s fun to talk to
the robot

It’s fun to play
with the robot

The robot looks
enjoyable

The robot seems
charming

The robot seems
boring

SI Social Influence I think my
friends would
like me to use
the robot

Heerink, M.,
Kröse, B.,
Evers, V.
(2010);
Pujadas-
Hostench, J.,
Palau-Saumell,
R.,
Forgas-Coll, S.,
Sánchez-
García, J.
(2019)

I think it would
give a good
impression if I
played with the
robot

I think that
people whose
opinion I value
would look
favourably
upon me
playing with
the robot

Appendix B

Cognitive questions
The following is a series of cognitive exercises. Please

answer each of the questions you think is the right answer.

• A baseball bat and a ball cost e1.10 in total. The bat
costs 1 euro more than the ball. How much does the ball
cost?_____ cents

• If it takes 5 machines 5 min to make 5 pieces, how long
would it take 100 machines to make 100 pieces?_____
minutes

• In the middle of a lake there are water lilies. Every day,
the area covered by the water lilies doubles its size. If the
water lilies take 48 days to cover the entire lake, how long
would it take for them to cover half the lake? _____ days

• If you are running a race and you pass the second person,
where are you? _____ position

• One farmer had 15 sheep and all but 8 died. Howmany are
left? _____ sheep

• Emily’s father has three daughters. The first two are called
April and May. What is the name of the third daughter? Is
called _____

• How many cubic metres of earth are in a hole 3 m deep×
3 m wide×3 m long?_____ cubic metres
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