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Abstract

In this chapter, after having clarified which
definition of emotion we followed, starting
from Darwin and evolutionary psychology,
we tried to examine the main mechanisms of
emotional recognition from a behavioral and
cerebral point of view: emotional contagion
and cognitive empathy. The link between
these skills and social cognition has been
discussed. We tried to understand through the
description of comparative studies on animals,
studies on populations with cerebellar lesions
in animals and humans, neurostimulation stud-
ies, and studies on neuropsychiatric
pathologies with alterations to the cerebellar
networks the possible involvement of the cer-
ebellum in these mechanisms, also
investigating its possible causal role. The evi-
dence, even if mainly of a correlational type, is
numerous and robust enough to be able to
affirm the existence of significant involvement
of the cerebellum in social cognition and in the
recognition of negative emotions,
especially fear.
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4.1 Some Definition about
Emotion and Emotion
Recognition

It is important, talking about the cerebellum and
emotions, to give some definitions, but it is not
easy as there does not exist a consensual defini-
tion of what emotions are, either in philosophy or
in affective science (Scarantino and de Sousa
2021). It is more common, in exemplificative or
prototypical descriptions, to consider emotions as
intentional (directed toward something),
motivating (fueling action), valenced
(positive vs. negative), conscious, short-lived,
preverbal, recalcitrant to reason, universal (trans-
cultural and transspecies), associated with typical
expressions, embodied, indicators intertwined
with arousal and physiological functions
(Aristotle et al. 2014; Aristotle and Lanza 1987;
Damasio 1994; Descartes 2011; Descartes and
Obinu 2010; Hume 1987; Lucretius Carus and
Fellin 2013; Sartre and Pirillo 2004; de Spinoza
et al. 2017). But their heterogeneity is huge; we
can easily think counterexamples (Barrett et al.
2019) of the previous attributes: e.g., long-lived
grief, unconscious fear of failing in life, without
prototypical facial expression like regret,
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depending on culture like respect, exclusively
human-like schadenfreude, and opportunistic
signals of admiration or happiness.

Following the Stanford Encyclopedia of Phi-
losophy (Scarantino and de Sousa 2021), it could
be useful to try to describe an emotion by
5 components: evaluative (e.g., danger detection),
physiological (e.g., increased heartbeat), phe-
nomenological (e.g., uneasiness), expressive
(e.g., frown), behavioral (e.g., flee), and cognitive
(e.g., focus attention). We of course will be more
interested in the expressive component that needs
to be perceived and processed for emotion recog-
nition, but that, in general, can be absent, hidden,
or difficult to detect.

We need to answer the questions of how
emotions are expressed, what is the mechanism
that humans use to detect and recognize these
expressions, why is it useful to identify them,
and is the cerebellum necessary, important, or
helpful for this task?

We can investigate the role of the cerebellum
in the recognition of emotions using tools that try
to map neural circuits and areas involved with
invasive (e.g., microelectrode array recordings)
and noninvasive techniques (e.g., magnetic reso-
nance). Lesions or alterations in the development
of cerebellar structures in both humans and
animals can also help. Finally, with the compara-
tive study between animal species, we can juxta-
pose cerebellar and behavioral differences.

The limitations of these tools derive from the
fact that they rarely constitute causal evidence but
often only correlations. Surely the most robust
evidence derives from lesion studies on animal
models, but they have other limitations: the com-
munication and understanding of emotions in
animals are reduced and they are often studies
linked to conditioning paradigms and fear that is
the emotion most simple to study and control in
an experimental setting.

4.2 Emotion Recognition
Mechanisms and Social
Cognition

Ekman (2009) commenting on Darwin’s
pioneering work on emotions (Darwin and
Ekman 2009) describes the 5 main contributions
that he took up in his theorization: emotions are
discrete, are expressed mainly through the face,
are universal, are present in other species (among
these Darwin mentioned horses, dogs, cats, bees,
and roosters), and are “serviceable habit.” This
last concept is interesting, a “serviceable habit” is
not a characteristic that is selected with a precise
purpose, but it is simply an association between a
helpful behavior and its typical expression. For
example, if it can be useful in exploring space to
open our eyes when we do it because we feel fear,
we will begin to associate this motor reflex with
the state of fear. This position has been taken up
in a reinforced version by evolutionary
psychologists which believe that the expression
of emotions may be an adaptive behavior present
in different animal species. A growing number of
studies suggest that many aspects of higher-order
social functions, including emotion recognition,
may be present in species ranging from primates
to rodents, indicating a conserved role in social
animals (Ferretti and Papaleo 2019). An indicator
of aggression, for example, can make the encoun-
ter between two animals less dangerous, or a
signal of joy and optimism can discourage a
predator. Where the social aspects become more
important and complex, the ability to decipher the
expressions of the conspecifics becomes essen-
tial. For example, to a group of animals in
which the fear felt by one that detects a danger
can alert and scare the whole group to safety
(Ferretti and Papaleo 2019). In humans, it is
even more complex as the emotional expression
can be associated with its awareness and the
understanding of other mental states, so humans
can modulate, control, or simulate emotion
expression, at least partially (e.g., acting), without
considering the cultural and language aspects that
can influence emotion expression and detection.
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Two possible, non-mutually exclusive
mechanisms underlying emotion recognition
have been proposed: emotional contagion and
cognitive empathy (Nieuwburg et al. 2021).

Emotional contagion is a rather low-level bot-
tom-up mechanism in which the state of the
observed is automatically synchronized with that
of the observer by copying the expressions of
others and allowing for emotional convergence.
To explain the contagion, theories of simulation
and imagination have sometimes been proposed
(Keysers and Gazzola 2007); the cerebellum
could be involved having been observed to have
a role in many tasks of this type (Koziol et al.
2014). Some theories propose the mirroring or
automatic copying of observed motor behaviors
and physiological states (Errante and Fogassi
2020); also in this case the cerebellum could
play a role by being involved in learning by
association and in many simple and complex
reflexes (Bracha et al. 2000).

The second mechanism, the cognitive empa-
thy, requires the ability to recognize emotion in
the observed without necessarily experiencing it
(Cuff et al. 2016). The most accredited hypothesis
is that it is due to a mechanism linked to the
representation of the emotions of others or their
mental states and that social cognition skills
developed subsequently in evolution (Nieuwburg
et al. 2021). Primate studies, especially on great
apes and Old-World monkeys, have led to results
that are difficult to interpret. On the one hand, it
seems clear that both mechanisms are present in
some species, but it is not possible to decipher a
clear pattern to understand if the two mechanisms
have evolved from each other and which was the
first (Nieuwburg et al. 2021). From the data, it can
be assumed, but much more information is
needed, that the mechanisms also depend on the
sociality of the studied species, on their habitat,
and on the type of studied signal (visual or audi-
tory) and that therefore a certain answer cannot be
given; we could hypothesize by observing cases
of autonomous and parallel evolution of these
capacities (Nieuwburg et al. 2021). However,
we can certainly say that many non-human spe-
cies belonging to the order of primates possess
these skills in more or less sophisticated forms

and that they all share a brain organized in a very
similar way, with comparable scale laws, with a
very dense neuron packed cerebellum connected
to many different brain cortex areas capable of
supporting new complex visual-motor and social
behaviors (Nieuwburg et al. 2021).

A lot of studies (Ferretti and Papaleo 2019)
have shown that many social mammals (dogs,
horses, primates, sheep) possess skills related to
the recognition of emotions (emotional conta-
gion, contagious yawning, scratching, mimicry,
consolation behavior, adaptive behavioral
responses to signal like eyes opening, ears
moving, lip-smacking, facial expressions) and
that these abilities can be extended to recognize
emotions also between different species (interspe-
cies interactions). Attempts are being made to
expand this type of study to other animals, such
as invertebrates (Perry and Baciadonna 2017).
There remain many difficulties in approaching
the study of emotions in this kind of creatures;
above all the Aplysia, the Drosophila, and the
bees have been studied (the latter with complex
collective and social behaviors). There have been
observed variations related to ingeniously crafted
stimuli that can be linked to fear and with
optimistic and pessimistic behaviors (Perry and
Baciadonna 2017). Also, if even in brains as
simple as those of the invertebrates described
above, phenomena that can be compared to emo-
tional processing can be recognized, it is practi-
cally impossible to compare them to the
behaviors and abilities observed in social
mammals. This observation would be very inter-
esting given the absence of a structure like the
cerebellum in these invertebrates under study.
However, it is interesting to note that in more
complex invertebrates such as the octopus
which, from the point of view of ethological
observation, demonstrate very complex and
behaviors suggestive of emotional processing
(Crook 2021), the cerebellum is not present as in
the social mammals described above. Even more
interesting, however, is the comparative study of
the brain structures of cephalopods which
identified brain structures with a cellular organi-
zation like that of the cerebellum (Shigeno et al.
2018). We generally speak of convergent
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evolution. Whether this structure can also be
involved in the production and recognition of
emotions is certainly not possible to say now,
but it is an interesting idea that would deserve to
be explored.

4.3 Evidence of Cerebellum
Involvement in Social
Cognition

In 100 milliseconds, humans can decode many
social cues that inform about the emotional state
of others guiding their behavior. This skill is part
of social cognition, the capacity used by humans
to understand and interact with other people in a
social environment (Frith and Frith 2012). The
ability to recognize emotive facial expressions is
one of its most important features. The perception
of others as subjects endowed with goals, beliefs,
thoughts, and emotions, as well as the use of these
talents to establish interactions between two or
more individuals, will be included in the basic
competencies of social cognition (e.g., attach-
ment, teamwork, obedience, imitation, respect of
social norms). Children can respond to social
stimuli (e.g., facial expressions, joint attention)
at a very early stage in their development
(Richards 1974; Striano and Reid 2006), and
developing these abilities is critical. However,
there are numerous unanswered problems, the
most important of which is whether social cogni-
tion is a distinct type of cognition or if it is based
on a general mechanism adapted from emotion
and cognitive processing. It is important to note
that the cerebellum is engaged in many cognitive
and affective skills that are required for good
social cognition functioning, but its specificity is
more debatable. Two main topics in social cogni-
tion recall the two main mechanisms of emotion
recognition: the mirroring field, and the theory of
mind (ToM) field, which studies the role of mid-
line structures in mentalizing about the states of
others (Keysers and Gazzola 2007). The study of
important brain areas for social cognition has
revealed that it requires a large, distributed net-
work that connects many different areas
specialized in different tasks, such as goal

selection, action planning, appraisal, and evalua-
tion, rather than a single specialized area with a
small number of neurons (Adolphs 2009). An
important specialized area, for humans, is the
fusiform gyrus and, in general, the lower ventral
areas of the temporal lobe that are important for
semantic decoding of shapes and the visual
processing of faces (Fonville et al. 2014; Harry
et al. 2013). However, it has been shown that
other areas are involved when expressions
become dynamic and are not simple static images;
in this case, the inferior occipital gyrus and the
superior temporal sulcus play a decisive role
working together (Ishai 2008). Premotor areas,
in particular the ventral area F5 which contains
mirror neurons in monkeys, were observed to be
active in the perception of expressions (Likowski
et al. 2012). Another key area for the recognition
of emotions is the amygdala (Adolphs 2010).
Many have hypothesized that there are two differ-
ent processing paths, a fast and phylogenetically
older one aimed above all at the recognition of
fear that includes the amygdala and a slower one
capable of greater detail and precision in the
classification (Dolan and Vuilleumier 2003). It
is not clear whether the fast path is somehow
independent of consciousness or if there are sim-
ply parallel channels involving multiple areas
including, among others, the amygdala, the
orbitofrontal cortex, the anterior insula, and the
anterior cingulate cortex (Pessoa et al. 2002).
Furthermore, the idea that the amygdala can
only be involved in the recognition of fear, or
general negative emotions related to avoidance
behaviors, has recently been challenged. Cur-
rently, the opinion is that the amygdala can rap-
idly discriminate the emotional value and
therefore also process positive emotions (Britton
et al. 2006). It is very interesting to note that the
cerebellum plays a significant role in this network
by working together with many of the aforemen-
tioned areas. Depending on the brain area, there
are specific connections to the cerebellum that can
work together with integration and automation
functions. It is therefore certain that the cerebel-
lum relates to this network, less certain its role. In
particular, the posterior lateral cerebellum (Crux I
and II) works together with the prefrontal
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cortices, while the posterior cerebellar vermis
works together with the amygdala and the ventral
orbitofrontal medial areas (Adamaszek et al.
2017).

Some studies, especially in the rat, have tried
to clarify which areas are responsible for
emotion-based behaviors and have found some
overlap between the different species. The amyg-
dala, the insula, and the anterior cingulate cortex
were found as significant areas (Ferretti and
Papaleo 2019). However, the precise role that
these areas play in emotional recognition in
animals remains to be clarified.

However, also if we can describe the network
related to social cognition, it remains to be
demonstrated if social cognition is hard-wired
into the brain or not (Baetens et al. 2014; Balsters
et al. 2013). There is convincing evidence derived
from data obtained in healthy subjects and
patients with cerebellar damage of the involve-
ment of the cerebellum in many basic social cog-
nition skills. Healthy subjects showed posterior
cerebellar activations during joint attention
(Gordon et al. 2013), during anticipation of social
group success (Aue 2014), during observation
and imitation of facial emotions (especially nega-
tive emotions), during goal-directed actions
(Gazzola and Keysers 2009; Schraa-Tam et al.
2012), and during mother–infant interaction
(Rocchetti et al. 2014). In a meta-analysis (Van
Overwalle et al. 2014), partial involvement of the
cerebellum was found in event or person
mentalizing or mirroring tasks. In addition, a crit-
ical contribution to higher abstraction mentalizing
was found as well. Several important findings
correlate connections of the cerebellum to brain
areas, in particular, the amygdala and the frontal
cortex, with the size of the social group or social
status, both in humans (Kanai et al. 2012; Zink
et al. 2008) and in monkeys (Noonan et al. 2014;
Sallet et al. 2011).

Cerebellar stroke patients showed impairment
in the ability to recognize emotions (Adamaszek
et al. 2014, 2015). In the first study, Tübingen
Affect Battery (TAB) was used to assess recogni-
tion of emotional facial expression and emotional
prosody in 15 patients with a cerebellar infarction
and 10 age-matched controls. The patient group

revealed only slight to moderate ataxia or dysar-
thria, and no disturbances of ocular movement or
evidence of mood disorder. There was no signifi-
cant difference between groups in simple discrim-
ination subtests, but the patient group had lower
performance than controls in emotional subtests.
The amount of impairment was greater for more
demanding tasks such as cognitive and cross-
modal subtests, as evidenced by large effect
sizes. This pattern of impairment was observed
for both facial and prosody stimuli. In patients,
fear was significantly associated with more errors;
the larger the volume of the lesion the greater the
deficit on more emotional and complex tasks. The
great majority of the patient sample had lesions of
the posterior lobes of the cerebellum (see Fig. 1,
first row). The second study comprised eight
patients with discrete ischemic cerebellar lesions
and eight control patients without any cerebrovas-
cular stroke using event-related potential (ERP) to
measure responses to faces from the Karolinska
Directed Emotional Faces Database. Analyzing
the late ERP responses, the N170 amplitude,
indexing early perception of faces, was pro-
nounced in all participants for faces compared to
non-face neutral images indicating preserved rec-
ognition of faces in comparison to non-facial
stimuli for both samples. Also, the late positive
potential (LPP) showed clear augmentation to
faces compared to non-facial neutral stimuli in
both groups, but late ERP in parietal areas
responses to emotional vs. neutral face
expressions, however, was only significantly
increased for faces with an emotional expression
compared to neutral faces in the control group.
Analyzing each facial emotional expression, the
cerebellar lesion group showed diminished LPP
for anger and particularly for fear (the other
emotions showed only a trend), a negative corre-
lation between the volume of cerebellar infarction
and LPP for fear at both parietal sensors, and a
strong negative correlation between some TAB
subtests and diminished LPP for fear. Correlation
analysis indicated that lesions of cerebellar area
Crus I contribute to ERP deviations (see Fig. 1,
third row, for the localization of the lesions).

Similar results have been found in patients
with cerebellum degeneration (spinocerebellar
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ataxia); they had deficits in ToM and recognition
of face emotional expressions, especially of social
emotions like guilt, with a gradient related to the
complexity of the stimulus (Clausi et al. 2018;
D’Agata et al. 2011; Sokolovsky et al. 2010). The
specificity of these findings can be questioned;

cerebellar degeneration could be large nonfocal
and associated with psychological and neuropsy-
chological dysfunctions (Orsi et al. 2011). Also,
cerebellar strokes could be associated with a wide
spectrum of psychological, behavioral, and cog-
nitive alterations (Adamaszek et al. 2017).

Fig. 1 Lesion mapping correlations for stroke and deficits
in emotion recognition. L left, R right, H cerebellar hemi-
sphere, MNI coordinates in mm. Composite image of
cerebellar lesions of patient sample superimposed on
axial, coronal, and sagittal projections of the cerebellum.

First row 15, second row 22, and third row 8 stroke
patients. The overlapping is color coded (second row
red ¼ 1 patient, yellow ¼ 3 patients). Adapted by
Adamaszek et al. (2014, 2015, 2019) with permission
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Two studies strengthened the link between
cerebellum and emotion recognition beyond a
simple correlation. In the first (Adamaszek et al.
2019) the controls to compare the 22 cerebellar
strokes (CI) were 22 Parkinson’s disease patients
(PD) and 16 supratentorial strokes. In the study
also age, cognition, and mood were controlled to
mitigate the confounding factors. There were no
differences for age, sex, education, or handedness
between the 3 groups; low BARS scores indicated
motor disabilities below the moderate level; thus,
patients predominately had slight to moderate
ataxia or dysarthria, section III UPDRS scores
indicated moderate motor impairment for PD,
and supratentorial stroke subjects had only slight
motor disability with a low NIHSS score. On post
hoc testing, CI was significantly lower, attribut-
able to the TAB emotional subtests, but not the
perception subtests. In CI fear errors were signifi-
cantly greater. Examining topographic
descriptors, the most common lesions were in
the posterior cerebellum (crus 1, crus 2, or both)
and the 3 patients without involvement of these
regions had normal TAB scores (see Fig. 1, sec-
ond row). The neuropsychological assessment did
not reveal significant differences between the
groups.

In the second (Ferrucci et al. 2012)
22 right-handed volunteers participated in the
study; reaction times (RTs) and accuracy (number
of incorrect responses) were collected during an
emotion recognition task. Anodal and cathodal
cerebellar tDCS (20 minutes) both significantly
enhanced sensory processing in response to neg-
ative facial expressions but left positive emotion
and neutral facial expressions unchanged. Sham
tDCS and over the right prefrontal cortex did not
have any effect.

Patients with schizophrenia have changes in
fronto-temporal-thalamo-cerebellar networks,
decreased cerebellum volume, and cerebellar neu-
rotransmitter dysfunctions in clinical groups
(Yeganeh-Doost et al. 2011). Affective bluntness,
emotion detection deficiencies, and social
difficulties are all hallmarks of schizophrenia,
and they may be linked to cerebellar-derived
changes in emotion, leading to conflicting
findings for ToM (Mothersill et al. 2016).

Research on autism spectrum disorder
provides some of the most convincing evidence
(ASD). The deletion of Tsc1 (tuberous sclerosis
1) produces morphological changes in Purkinje
cells as well as aberrant behavior, including
disrupted social interactions, in genetically
engineered mice, implying a direct relationship
between cell function and ASD deficits (Tsai
et al. 2012). Patterns of ASD gene coexpression
are specifically expressed in the cerebellum
throughout the early postnatal years; also, early
disturbance of the cerebellar circuitry is strongly
connected with ASD, with a risk ratio as high as
40 (Wang et al. 2014).

Developmental diaschisis is a fundamental
concept that has emerged: cerebellar dysfunction
during critical sensitive periods may disrupt the
maturation of distant neocortical circuits (Wang
et al. 2014); ASD deficits resulting from early-life
lesions are, with the exception of the cerebellum,
to a large extent recoverable over time (Fig. 2).

Many ASD symptoms (motor, emotional, and
social) can be grouped into a framework that
shows the illness as a prediction deficit (Sinha
et al. 2014) caused by a loss of frontal cortex-
cerebellum connectivity throughout
development.

This fronto-cerebellar network may play a role
in both ontogeny and phylogeny. It has been
discovered that the posterior cerebellar lobes,
frontal cortices, and pontine connections
coevolved in parallel in monkeys and humans
(Balsters et al. 2010; Ramnani et al. 2006).
These cerebello-thalamo-cortical networks are
important in human evolution (Barton 2012),
but whether the use of tools or the size and com-
plexity of the social group was the key determi-
nant of evolutionary pressure is still debated
(Dunbar and Shultz 2007). Some researchers
used phylogenetic comparative analysis to show
that the cerebellum and frontal structures not only
co-evolved but were also related to tool develop-
ment and the size of the social group (Barton
2012). This means that if we think of the cerebel-
lum as part of a single system, both in terms of
phylogeny and ontogeny, we can see how vital it
is in the development of many critical social
cognitive skills.
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4.4 Conclusions and Future
Research

In conclusion, we can summarize the chapter.
First, in the future, it is necessary to improve

the definition of emotion to make the experimen-
tal results more comparable. However, since this
is a problematic and complex operation,
researchers should, at least, start by clearly sig-
naling their position, making explicit the opera-
tional definition of the measures used and the
theoretical framework adopted.

Second, we can affirm, with some confidence,
that there is evidence of the involvement of the
cerebellar system in emotion. Similarly, we can
consider as probable the role of the cerebellum in
social cognition in understanding the emotional
state of other humans, especially when they
express negative emotions such as fear. However,
doubts remain about the specificity and the
moment in which this role is played. It is therefore
essential to investigate with causal studies and no
longer just correlational ones. A family of
techniques that appears very promising in this
sense is that of noninvasive brain

neurostimulation (NIBS). For such studies to be
valid they must be properly constructed. A sug-
gestion could be to start from the coordinates
extracted from meta-analyses of neuroimaging
studies to hypothesize the cerebellar areas most
likely involved and to use these as neurosti-
mulation targets. A paradigm of interference dur-
ing emotional recognition tasks seems to be the
first choice, ideally repeating the interference at
different times, guided by an accurate timing that
can distinguish the various stages of processing
during emotional recognition, perhaps using EEG
monitoring, compatible with the stimulation for
triggering. Furthermore, an adequate number of
multiple control conditions must be considered to
reinforce the conclusions. It should be verified
that stimulations of the frontal cortex do not lead
to the same type of interference and that
stimulations on the back of the head, close to
the scalp coordinates of cerebellar stimulation
but affecting the visual occipital cortex, do not
have a similar effect. Finally, cognitive and atten-
tional tasks should also be evaluated during stim-
ulation of the same cerebellar and control sites of

Fig. 2 Lesion mapping for early and late injuries resulting
in autism social deficits. Brain areas result in lasting
autism spectrum disorders and social deficits when injured
neonatally (blue), in adulthood (red), or that can be fully or
partially compensated after an injury regardless of age
(light or dark gray). Medial temporal area is depicted in
violet to indicate that both neonatal and adult injuries can
cause social deficits, but only if the whole medial
structures are damaged; for neonatal lesions, deficits are

not compensable. Data about ACC neonatal lesion are
nowadays lacking. PFC prefrontal cortex, ACC anterior
cingulate cortex, OFC orbitofrontal cortex. Brain renders
were realized with Mango (http://ric.uthscsa.edu/mango)
from the MRIcron canonical ch2better.nii template (http://
www.mccauslandcenter.sc.edu/mricro/mricron). Adapted
by (Wang et al. 2014). Copyright 2014 by Cell Press.
Adapted with permission
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stimulation to verify the cerebellum specificity
during emotional processing.
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