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Abstract

This study explores the use of artificially simulated intuition and mental models in Socially Assistive Robots (SAR) to enhance Human-
Robot Interaction (HRI). A multidisciplinary approach is proposed, integrating neuroscience, cognitive evolution, and empathy studies to
address the limitations of the traditional Theory of Mind (ToM) as applied to SAR. The goal is to develop advanced social robotics models
capable of intuitively interpreting and responding to human signals, leveraging principles of cybernetics and complex systems. This approach
supports the hypothesis that SAR with multisensory capabilities and simulated intuition can foster human-like empathy, reducing the uncanny
valley effect and advancing SAR applicability in healthcare, education, and personal assistance.
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Introduction
The origin of intuition in cognitive evolution

Intuition is a crucial evolutionary capacity, allowing humans to
respond rapidly to external stimuli by bypassing complex cognitive
processing, a characteristic essential for survival [1]. This rapid
response is possible due to mental shortcuts and heuristics, which
enable humans to intuitively understand and react to social cues [2].
In SAR, implementing a model of artificial intuition that emulates
human intuition could make interactions more natural and facilitate a
positive perception of the robot [3]. By integrating parameters
inspired by cognitive evolution, SAR could effectively interpret
human mental states, promoting genuine connections and reducing
the perception of artificiality [4].
Neuroscience and embodied intuitive
communication

cognition in

Neuroscience demonstrates that areas such as the prefrontal
cortex and mirror neurons play a central role in facilitating intuitive
understanding and empathic communication [5]. Mirror neurons,
initially discovered in macaques, enable the replication of observed
behavior and are considered fundamental for social cognition. This
process, known as embodied simulation, suggests that understanding
others is deeply rooted in simulating their actions and intentions

within our neural framework [6]. The theory of embodied cognition,
proposed by Varela, Thompson, and Rosch, asserts that intelligence
is not solely logical but grounded in sensory and bodily experiences,
a finding supported by Johnson, who emphasizes the importance of
bodily schemas in cognition [7,8]. In SAR, implementing an
"embodied intelligence” model could significantly reduce emotional
distance, fostering a human-like interaction that aligns with embodied
cognition principles and confronts the uncanny valley effect.

The uncanny valley challenge and social acceptance of
SAR

The concept of the uncanny valley, introduced by Mori, describes
the discomfort humans feel toward robots or entities that appear
almost human but lack full resemblance [9]. Studies have confirmed
that SAR situated within this “valley” elicit stronger negative
reactions than robots perceived as distinctly non-human, highlighting
the importance of authentic responses in social robots [10]. A SAR
that can exhibit behaviors simulating human intuition and empathic
responses could navigate this valley effectively, facilitating greater
social acceptance [11]. By simulating intuition, SAR could transform
from perceived "machines” to empathic, supportive social entities,
improving both user engagement and perceived authenticity [9,12].
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Theoretical Foundations and Context
ToM and HRI

The Theory of Mind (ToM) represents the ability to attribute
mental states, intentions, and beliefs to others, an essential aspect of
social cognition [13]. In the context of HRI, simulating a ToM enables
SAR to interpret mental states and appropriately adapt their responses
to fit social contexts. According to Gallese, the ability to understand
and resonate with another's mental state is foundational to empathy, a
quality critical to successful SAR interactions [4]. Studies have
demonstrated that SAR equipped with simulated ToM can respond
more naturally, displaying empathy through body language, facial
expressions, and intonation [14]. For example, SAR could be
programmed to detect facial cues indicating distress or happiness,
which would enable the robot to modulate its response appropriately
[15].

Evolutionary empathy and shared knowledge

Empathy, from an evolutionary perspective, serves a critical
function in promoting cooperation and enhancing survival through
mutual support [16]. Within SAR, the replication of empathic
resonance can foster a more authentic human experience. Research
suggests that SAR equipped with shared knowledge networks can
adapt their responses in real-time, responding with increased
authenticity and empathy [14]. Diani and Lombardo posit that a
cybernetic system based on shared knowledge allows SAR to
accumulate experiences, learning from past interactions to provide
more accurate, individualized responses [18]. This shared knowledge
system enables SAR to use prior interactions as a basis for dynamic
adaptation, crucial for deepening user trust and comfort during
repeated engagements [19].

Multisensory sensors and holistic approach

The multisensory approach in SAR offers a promising method for
imitating human intuition by integrating visual, auditory, and tactile
inputs. Visual cues like micro-expressions, auditory signals like voice
tone and inflection, and tactile responses enable SAR to engage with
human users in a naturally responsive manner [13]. Studies have
shown that multisensory input allows SAR to more accurately
interpret the emotional states of their interlocutors, thereby reducing
perceived artificiality and fostering authentic exchanges [20]. For
instance, when a SAR can detect micro-expressions of sadness or
anger and adjust its response accordingly, it mirrors human-like
empathy, leading to higher levels of user satisfaction and engagement
[21].

Methodology

Design of intuitive learning algorithms in SAR

The intuitive learning algorithms used in SAR are grounded in
deep learning and Convolutional Neural Networks (CNNS), trained to
identify non-verbal cues such as micro-expressions, voice
modulation, and body language shifts. Research has shown that
CNNs combined with embodied cognition systems enhance SAR’s
ability to interpret and respond to nuanced emotional cues [22].
Previous studies highlight that SAR equipped with emotional
recognition and learning algorithms are particularly effective in
fostering user empathy and comfort [13]. Training datasets rich in
varied emotional expressions such as the JAFFE and CK+ datasets
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serve as essential resources, enabling SAR to simulate intuitive,
context-sensitive responses [11,18].

Experiment and analysis of multisensory interaction in
SAR

The experiment is designed to evaluate the effectiveness of
SAR’s simulated intuition in facilitating empathic interactions. Two
groups of SAR were tested: one employing standard algorithmic
cognition and the other equipped with advanced multisensory
intuition. Emotional and behavioral responses were monitored to
determine each SAR's ability to engage empathically.

Measurement Tools

Eye movement and facial expression monitoring: using facial
recognition software inspired by Ekman’s Facial Action Coding
System (FACS), SAR detects micro-expressions in real-time,
adjusting responses accordingly [21]. This ability not only improves
interaction quality but enhances perceived empathy by reacting to
nuanced facial cues [1].

Vocal tone variation detection: studies indicate that changes in
vocal tone and rhythm are reliable indicators of emotional states [14].
SAR utilizes vocal analysis to detect emotional shifts, thereby
adjusting responses in a manner that maintains conversational
cohesion and empathy [7].

Tactile sensors for complex emotional responses: advanced
tactile sensors allow SAR to recognize and respond to physical
stimuli such as handshakes or touches, which are integral to human
social bonding [17]. This multisensory feedback enhances the
interaction by incorporating tactile responsiveness, thereby enriching
the overall communication experience [18].

Neural synchronization via EEG: Electroencephalography
(EEQG) is used to track users' brainwaves during interactions with
SAR, particularly focusing on ALPHA, BETA, and GAMMA waves.
Previous studies demonstrate that ALPHA waves indicate relaxation,
while BETA and GAMMA waves are associated with concentration
and cognitive engagement, both of which are critical for positive HRI
experiences [12,8].

Discussion

The results of this study underscore the potential of implementing
multisensory and embodied cognition models in SAR to significantly
enhance the quality of Human-Robot Interactions (HRI). By
simulating intuitive and empathic responses, SAR can effectively
bridge the gap between mechanical responses and human-like social
interactions. The multisensory input approach, leveraging visual,
auditory, and tactile cues, enables SAR to engage in more authentic
and contextually appropriate responses. Such advances address a
crucial aspect of the uncanny valley hypothesis, where the perception
of authenticity in SAR plays a vital role in human acceptance.

The integration of EEG neurofeedback, specifically monitoring
ALPHA, BETA, and GAMMA waves, provides a nuanced
understanding of user engagement and cognitive response. Studies
have shown that ALPHA waves are associated with relaxation and
stress reduction, while BETA and GAMMA waves indicate
heightened cognitive engagement and emotional arousal, thus
reinforcing the effectiveness of SAR in stimulating positive HRI
experiences [12,8]. These findings align with Gallese's shared
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manifold hypothesis, which posits that social understanding is rooted
in shared neural mechanisms, providing a theoretical basis for SAR's
ability to mimic empathic responses [4].

Moreover, the adaptation of neural networks and deep learning
algorithms for intuitive learning in SAR introduces a more flexible
and responsive interaction model. By employing Convolutional
Neural Networks (CNNs) trained on datasets such as JAFFE and
CK+, SAR can simulate nuanced emotional responses, offering a
more tailored and personalized user experience [22]. Such
personalized responses are critical in environments where SAR are
used for healthcare and social support, as they enhance user comfort
and satisfaction, fostering long-term acceptance.

Conclusion

This study advances our understanding of how multisensory input
and simulated intuition can transform SAR into more socially
responsive and empathetic entities. The integration of embodied
cognition principles, advanced neural feedback, and intuitive learning
algorithms opens new avenues for SAR applications in socially
demanding fields, including healthcare, education, and personal
assistance.  Future research should further explore the
neurophysiological responses in HRI to refine SAR responses,
potentially incorporating real-time adjustments based on EEG
feedback to optimize interaction quality. By embracing a holistic
approach that combines cognitive science, neural feedback, and
artificial intelligence, SAR can become more effective, empathetic,
and widely accepted as partners in human-centered applications.
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