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Abstract— Mirror neurons have a crucial role in
detecting and reproducing the actions of others as if the
observer himself were performing the specific action. In
this paper, four different audio voice files are used to
determine, in two methods, the idea that the mirror
neurons can be activated only by a real human original
voice with a strong emotional load. The first method is
the magnetic resonance imaging (MRI), which gives
information about the brain activity regarding the
specific areas where the mirror neurons are located
when the four different audio files are listened to by a
group of ten volunteers. The second method implies a
deep learning approach, using two convolutional neural
network (CNNSs) architectures, one used to recognize the
timbre of the audio speaker and the second one to
determine the level of remnant (residual) emotion in the
audio files listened to by them. The four audio files used
are an audio text recorded by a Romanian actress with a
specific emotion, two different actresses’ voice
recordings with the same text and emotion, and with
very similar voice features to the main actress, and the
last one is an artificially generated voice using Al
algorithm. The results show a promising response from
both perspectives- the hypothesis that mirror neurons
can’t be fooled by an artificial voice is confirmed, and
that the intensity of emotion is higher in the original
voice than the two imitating voices.
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I. INTRODUCTION

The advances in the field of Al, in recent years, have
allowed the development of highly performing artificial
voices similar to human voices. There are already software
packages on the market that generate artificial voices almost
identical to the voices of famous politicians or actors, such
as Donald Trump, Joe Biden, Morgan Freeman, or, why not,
Gabriela Bobes, our colleague and co-author. Although
these voices have almost identical acoustic characteristics to
the voices they copy, they fail to convey as intense emotions
as the original voices. This limitation has been analyzed by
many researchers in the hope of finding solutions for
artificial voices to equal the power of emotional influence of
the human voice.

Researchers who have analyzed this limitation have
compared the mechanisms by which the human voice
conveys intense emotion to humans with those by which
artificial voices are supposed to do so, [1], [2], [3], [4], [5],
[6]. It was thus found that the human voice succeeds in
transmitting with great fidelity intense emotions to a human
listener due to both the speaker's emotional experiences and
the mirror neurons in the listener's brain. Mirror neurons
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duplicate, by means of complex neural processes, in the
brain of the person listening, the emotional state of the
speaker. If the speaker does not have any kind of emotional
experience, then his voice will not convey any kind of
emotions, because the mirror neurons in the brain of the
person listening will not trigger any kind of emotions in
them. Returning to artificial voices, they are produced by
computer systems that do not have emotional experiences
but only imitate them by copying some tonalities and
inflections of the human voice. The researchers, therefore,
believe that the mirror neurons in the brain of a human
listener cannot trigger emotions that the computer system
only mimics and does not experience, [1], [2], [3], [4], [5],
[6]. This hypothesis was also subjected to testing in this
research, where the brains of ten human judges were imaged
through magnetic resonance equipment (MRI) while they
listened alternately to audio recordings with famous
politicians' and actors' voices and recordings with artificial
voices mimicking them.

II.

Mirror neurons are a group of neurons that were initially
identified in the brains of macaque monkeys during the
1990s by researchers led by, [7]. They are an unusual type
of brain cell that "mirrors" other people's behaviors as if the
observer himself were performing the act. The discovery of
mirror neurons turned everything upside down and indoors
when it comes to the function of the brain in social
knowledge, empathy, and imitation of behavior. Mirror
neurons have a very significant function in understanding
emotional processing and are responsible for the neural
phenomenon of empathic and emotional resonance with
others. The neurons enable a person to not only know and
comprehend other people's actions but also feel their
emotions to some extent. This process is merely called
'emotional empathy' or 'affective empathy', [8]. When we
see someone else experiencing an emotion like happiness,
sadness, or pain, the mirror neurons in our brain get
activated, repeating the same neural pattern of that emotion
as if we are actually going through it ourselves. This
mirroring in the brain allows us to understand other
individuals' emotional state, which is essential for social
interactions, empathy, and being capable of interpreting
other people's intentions and emotions, [9]. The mirror
neuron firing in emotional processing goes beyond the
degree of details that go into the observation of emotions in
other people; they are the ones that allow the mechanism
through which emotional contagion takes place, where one
person's emotional state can "infect" or influence another
person's emotional state.

The importance of mirror neurons to emotional
processing is further underscored by their alleged function
in some psychological disorders that have their origins in
empathy and emotional regulation. As an example,
impairments of the mirror neuron system have been shown
to be involved in such conditions as autism spectrum
disorders, wherein patients should have difficulty
identifying and comprehending other people's emotions.
Understanding the neurobiological underpinnings of
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emotional empathy by means of mirror neurons can tell us
about the mechanisms behind these disorders and guide
treatment, [8].

The activity of mirror neurons was followed using nuclear
magnetic resonance technology. Several neuroimaging
studies have been able to put forward solid proof of the
linkage between emotional resonance in the brain and the
activation of mirror neuron activity. Studying the activation
of brain function when witnessing emotions or activities has
enabled scientists to map out brain areas displaying
patterned activity consonant with that of mirror neuron
function. One important study [10] employed the technique
of functional magnetic resonance imaging (fMRI) to study
the neural correlations of pain and touch empathy in the
human somatosensory cortex. Here, the researchers
discovered that, as the participants watched others hurt or be
touched, there was considerable activation of the mirror
neuron system in their somatosensory cortex. What this
suggests is that the mirror neuron system plays an important
role in empathy and caring about others. In their
examination of emotional contagion, [11] employed fMRI to
contrast the brain systems for affective and cognitive
empathy. They discovered that emotional contagion,
catching and transmission of emotion to others was
connected with activation in the mirror neuron areas,
proposing mirroring to relate to understanding emotion.

These experiments together offer strong evidence for the
activation of mirror neurons with emotional content and
empathy. The activation of the mirror neuron system by
observing others' emotional expressions or actions implies
its central role in relating and understanding others'
emotions, a critical component of social interactions, and
human empathy. The processing of emotional information
derived from human voice is mediated through intricate
neural circuitry that enables us to notice and interpret the
various emotional signals, including tone, pitch, and
intonation. Functional neuroimaging studies have yielded
significant findings regarding neural mechanisms of
processing emotional voice. One important area of the brain
involved in the perception of emotional voices is the
superior temporal sulcus (STS). The STS is also linked to
the detection of socially pertinent stimuli, such as facial
emotional expressions and affective expressions of voice.
fMRI research has repeatedly found heightened activity in
the STS when subjects listened to emotional voices, [12],
[13]. The STS is considered to have a pivotal role in the
processing and extraction of acoustic cues for emotional
information in voice. But another significant area engaged
in the emotional voice processing is the insula. The insula
supports interoceptive awareness and is responsible for
subjective feeling regarding emotions. It has been found to
be activated when exposed to emotional voices, which
indicates its role in connecting auditory emotional content
with subjective emotional experience, [14], [15], [16].
Furthermore, the amygdala, a key structure of the limbic
system, is implicated in emotional processing, such as the
processing of voices. Amygdala activation has been found
during the perception of emotional prosody, showing that it
plays a part in the rapid identification and analysis of
emotional cues in voices, [17], [18]. Finally, the prefrontal
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cortex (PFC) plays a role in higher-order emotional
processing of voices. The PFC, especially the ventromedial
prefrontal cortex (vmPFC) and orbitofrontal cortex (OFC),
is involved in evaluating the emotional significance of
voices and integrating emotional information with cognitive
and memory processes. PFC activation has been linked with
the identification of emotional valence and regulation of
emotional responses evoked by voices, [19], [20]. Finally,
the mirror neuron system (MNS) has also been found to be
involved in emotional voice processing. The MNS,
originally discovered as part of the motor behavior domain,
is also found to contribute to perceiving and interpreting the
emotions that people express. It has been recently shown
through neuroimaging techniques that the MNS is activated
when people listen to emotional voice sounds, pointing
towards its function in empathetic responses to the emotions
expressed by voice, [19].

Mirror neurons and emotional processing studies have
broader implications than human-to-human communication.
As artificial intelligence has emerged and Al voices have
been added to different applications, data regarding
emotional reactions to Al voices are pertinent now. Whether
Al voices can evoke emotions in listeners is an issue that
receives increasing attention since it affects user experience
on virtual assistants, customer support portals, and
entertainment sites, [20].

The arrival of artificial voices, especially those from Al-
based speech synthesis, has raised some interesting
questions regarding how our brains process and react to
these artificial voices versus natural human voices. Studies
examining brain activation patterns in response to natural
and artificial voices have found both similarities and
differences in neural processing of the two kinds of auditory
stimuli. Functional neuroimaging experiments, such as
functional magnetic resonance imaging (fMRI) and positron
emission tomography (PET), have revealed that the primary
auditory cortex (PAC) is generally engaged when
individuals perceive both natural and synthetic voices, [21],
[22]. The PAC receives auditory input first, whether from a
natural source or an artificial one. This finding suggests that,
at a basic level, the brain treats both voices as acoustic
stimuli that trigger sensory processing in the auditory cortex.
There are differences, however, in brain activation when
examining higher-order cognitive processes and emotional
reactions to natural versus artificial voices. A number of
studies have indicated that natural human speech is more
likely to produce greater emotional reactions and more
robust activations of brain areas engaged in emotion
processing, for example, the amygdala and anterior
cingulate cortex, [23], [24]. Human voices also convey
subtle emotional information, including prosody, intonation,
and vocal timbre, difficult to precisely simulate in artificial
voices. Therefore, natural voices are better at evoking
emotions and engaging emotional processing networks in
the brain of the listener. Artificial voices produced by Al
algorithms, however, can engage brain areas involved in
cognitive processing, especially when comprehending and
recalling from memory. They are meant to be readable,
transparent, and concise, and this may prove useful in
particular uses, e.g., learning a language or spreading
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information, [25], [26], [27]. Experiments on voice
synthesis perception have presented higher activations
within brain areas involved in processing languages, e.g.,
Broca's area and the left inferior frontal gyrus, [28]. Also,
brain activation differences could be caused by the uncanny
valley effect, whereby nearly human-sounding but not
human-sounding voices can elicit a sense of unease or
eeriness, [29]. Such a dissonance between the anticipated
human-like voice and the actual features of the synthetic
voice can cause changes in brain activity, potentially via
social cognition and human-likeness perception regions. In
general, though there are commonalities in early auditory
processing of human and artificial voices, the unique
emotional and cognitive characteristics of human voices and
the current shortcomings of Al-generated voices lead to
differences in brain activation patterns. Additional
investigation is necessary to better understand the neural
basis of the listener's response to artificial voices and how to
better utilize them in many applications.

Mirror neurons which are known to be active while
observing other people's emotional understanding and
empathy, may also be involved when dealing with emotions
induced by Al voices. Although Al voices do not include
the entire palette of emotional signals included in natural
human voices, they are yet capable of provoking emotional
responses from listeners. Listeners have been discovered to
attribute emotional qualities to Al voices by applying speech
prosody, intonation, and rhythm, [23], [30].

In addition, the brain's emotional processing ability can
be the same across auditory modalities. It has been shown in
studies that cross-modal activation exists between mirror
neurons in proving that face emotion perception triggers the
mirror system across motor and premotor regions, [31],
[32]. Likewise, when people hear emotional voices, mirror
neurons can be activated not just with the sound stimulus
but also with the corresponding visual and somatosensory
representations of the emotions, which can help toward a
more holistic comprehension of the emotional content of Al-
generated voices. In addition, the process of emotional
contagion, in which people involuntarily imitate and "catch"
other people's emotional states, can also be applied to the
emotional processing of Al-generated voices. As mirror
neurons have been reported to be responsible for emotional
contagion [33], they might be accountable for making
listeners vulnerable to being emotionally affected by Al-
created voices. This could have significant implications in
scenarios where emotional response is needed, e.g.,
customer service or virtual friends. Still, the emotional
processing elicited by Al voices will probably be more
intricate and complicated than that based solely on mirror
neurons. Other regions of the brain, including the amygdala
for emotional processing and the prefrontal cortex for
cognitive evaluation, also have essential roles in emotional
processing, [15], [34]. The interaction of mirror neurons
with these areas could influence the overall emotional
experience and its related behavioral and cognitive response
to Al voices.

The comprehension of the role played by mirror neurons
in emotional resonance also has deeply significant
implications for education, stressing the importance of
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properly integrating emotional information to better
motivate and engage students, [35], [36]. Such realization is
crucial in crafting personalized learning experiences that
change in real-time according to the emotions of the
students, potentially transforming educational technology
and practice, for example, [37]. In addition, utilization of
the results can improve SEL curricula, more specifically
empathic development, by utilizing multimedia tools for the
simulation of emotional experiences, [38], [39].

In addition, providing teachers with awareness of mirror
neurons through professional development can prepare them
to develop more empathetically stimulating learning
environments, making informed choices regarding the use of
technology and human-to-human interaction in classrooms,
[40], [41].

III. METHODOLOGY

In this study, human voice and artificial voice imitation
for the voice of a famous Romanian actress were analyzed
with Al algorithms and human evaluators. The methodology
contains the following stages:

1. An audio recording of the famous Romanian actress
Gabriela Bobes was chosen. In that recording (AUD-
GAB) Gabriela's voice transmits positive emotions
(appropriate for love) with a high intensity.

The transcription of the AUD-GAB was then used by

two Romanian actresses to imitate Gabriela's voice in

all aspects: timbre, rhythm, inflections, tonality,
emotions transmitted, etc. Two audio recordings were
thus obtained (AUD-IMIT-HUMANI1 and AUD-

IMIT-HUMAN?2) that imitate Gabriela's voice.

. The transcription of the AUD-GAB was also used to
imitate Gabriela's voice with an artificial voice in all
aspects: timbre, rhythm, inflections, tonality,
emotions transmitted, etc. Another audio recording
(AUD-IMIT-AI) was thus obtained.

. Ten human evaluators listened to the four audio
recordings in the laboratory and rated them in terms
of vocal timbre and emotion transmitted (valence and
intensity).

. The ten human evaluators listened to the four audio
recordings while their brains were scanned with MRI
equipment and evaluated them again in terms of vocal
timbre and emotion transmitted (valence and
intensity). The MRI images were then analyzed in
order to identify the degree of oxygenation of their
brain’s areas related to the positive emotion
transmitted by the audio recordings.

. The four audio recordings were analyzed with two Al
algorithms: one Al algorithm for voice timbre
identification in each of the four recordings and one
Al algorithm for detection of the emotions
transmitted intensities in each of the four recordings.

IV. RESULTS

The analysis carried out with human evaluators showed
that the artificial voices used in this study had a lower
emotional load than the human voices they imitated.
Volunteers who participated in that study assessed the
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emotional impact of artificial voices with an average grade
of 3 (on a scale of 1 to 10) and grade 8 for human voices. Of
the ten human evaluators, seven considered that the
recordings with artificial voices had an emotional charge
with an intensity two times lower than that of the recordings
with human voices, and three evaluators considered that the
recordings with artificial voices had the same emotional
charge as the recordings with human voices.

In Fig.1 and Fig.2 the differences are shown between the
MRI images when the participant did not hear any audio and
the images when the participant listened to a human voice
during the MRI at the hippocampus level (Fig. 1) and for the
frontal lobe of the brain (Fig.2).

Fig.1 MRI images with no audio vs. human voice audio for the
hippocampus area of the brain

Fig. 2 MRI images with no audio vs. human voice audio for the
frontal lobe of the brain

In Fig.3 and Fig.4 the differences are shown between the
MRI images of the artificial voice and the human voice at
the hippocampus level (Fig. 3) and for the frontal lobe of the
brain (Fig. 4).

Fig. 3 MRI images with artificial voice audio vs. human voice

audio for hippocampus area of the brain
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Fig. 4 MRI images with artificial voice audio vs. human voice
audio for the frontal lobe of the brain

The MRI images from all human raters while listening to
recordings of human voices showed greater oxygenation of
mirror neuron areas and those responsible for inducing
emotions, compared to MRI images from artificial voices.
These results showed that the brains of all evaluators
perceived the differences in emotional load between human
voices and artificial voices, even if three subjects did not
realize these differences. In these three human evaluators,
the perception of differences in emotional load worked at
the brain level, but it seems that they did not realize it.

In Fig.5 is shown the differences between the MRI
images of the two imitating voices (left and right) and
Gabriela's original voice (middle).

Fig. 5 MRI images with imitating voices (left and right) vs. the
real voice (middle).

MRI measurements and their analysis indicated that the
mechanisms by which artificial voices induce emotions in
human listeners are more related to brain memory processes
than those involving mirror neurons. The MRI images
showed that recordings of artificial voices triggered the
activation of brain areas responsible for memory and those
responsible for emotions. These results suggest the idea that
artificial voices can reactivate in the brains of human
listeners only those emotions that are already in their
memory, and that they will experience them with a low
intensity. The results of this study also show that artificial
voices may not be able to convey new emotions to human
users that they have never experienced before and therefore
would not be in their memory. The low intensity of
emotions is due to brain memory mechanisms that reactivate
only part of the stimuli that previously triggered the
emotion, because in the memorization process, many stimuli
were not included in the memory or were removed along the
way. The results showed that the limitation in intensity of
the emotions transmitted by the atypical voices is due to the
cerebral memory mechanisms that reactivate only a part of
the emotion-triggering stimuli.
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The evaluation of audio recordings with the proposed
CNN architecture is shown in Table 1 and suggests the idea
that there is a big difference between the emotional load of
human voices compared to the artificial voices used. The Al
algorithms used in this stage were trained with the specific
emotional load of each human voice for the people chosen
in this study.

Table 1. The Al algorithm results of the emotion level for each
type of audio file

Type of audio Emotion Intensity
artificial voice 1
imitation human voice #1 1.5
imitation human voice #2 1

original human voice 2.5

V. CONCLUSIONS

The results obtained in this study showed that human
voices can be imitated very well both by professional actors
and by artificial voices. Both types of imitations are so good
that human evaluators do not notice any difference in
tonality, timbre, and inflections between the original and the
imitations with human voice or those with artificial voice.
However, these differences will be noticed by the Al
algorithms specialized in detecting the voice fingerprint of
each person.

The results showed that human evaluators noticed the
differences between the emotions transmitted by the original
voice and those transmitted by imitations with a human
voice and an artificial voice. These differences were also
noticed by the AI algorithms specialized in detecting the
emotions embedded in the voice and their intensity.

MRI investigations showed that human evaluators were
able to detect the differences in the emotions conveyed by
the original voice and the two types of imitations due to the
mirror neurons in the listeners' brains. MRI measurements
have also shown that artificial voices can convey emotions
but not as intensely as the emotions conveyed by human
voices. This is because human voices manage to convey
emotions to the listeners due to the brain mechanisms in the
brains of the listeners that are based on mirror neurons. MRI
measurements showed that artificial voices do not trigger
brain mechanisms based on mirror neurons, but brain
mechanisms based on memory.

All the evaluations carried out in this study showed that
although the audio recordings with human voice/artificial
voice sounded the same, the emotional charges of artificial
voices were lower than those of human voices. The obtained
results disproved the hypothesis according to which
artificial voices cannot convey emotions to human listeners.
Measurements have shown that artificial voices can induce
emotions in human listeners due to neural processes other
than those related to mirror neurons, namely through
memory processes. The artificial voices can trigger
emotions in human listeners, but with a lower intensity than
human voices. The study thus shows that, due to the way
they are constructed, artificial voices today cannot convey
intense emotions to human interlocutors, and that to
overcome this limitation they would have to be reconfigured
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differently, but it is not yet known how.

As research in this area is still in its early stages, further
investigations are needed to fully understand the role of
mirror neurons in processing emotions elicited by Al-
generated voices. Unraveling the neural mechanisms
involved will not only advance our understanding of how
Al-generated voices influence human emotions but also
inform the development and design of emotionally engaging
and responsive Al systems.

The implications of these findings extend beyond the field
of neuroscience into practical applications within
educational settings. The differential impact of human and
artificial voices on emotional resonance and mirror neuron
activation underscores, for example, the potential for
optimizing Al-driven educational tools. By better
understanding how mirror neurons respond to various
auditory stimuli, educators and technologists can design Al
systems that more effectively mimic the emotional nuances
of human speech. This could enhance the learning
experience and support the development of empathy and
social skills through more emotionally responsive
educational content. Consequently, the insights from this
study advocate for a possible more nuanced integration of
Al voices in educational technology, aiming to harness the
full potential of emotional engagement in learning
environments.

Declaration of Generative Al and Al-assisted
Technologies in the Writing Process
The authors wrote, reviewed and edited the content as
needed and they have not utilised artificial intelligence (AI)
tools. The authors take full responsibility for the content of
the publication.
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