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Abstract: Supernormal stimuli were first defined in ethology as exaggerated forms of natural or
artificial stimuli able to elicit amplified responses in animals. After the characterisation of supernor-
mal stimuli in ethology, many scholars have explored the idea of supernormality also with reference
to human cultures, resulting in the assignment of this attribute to several categories of stimuli, from
pornography to fast-food. In the last decades, also art has been proposed to act as a supernormal
stimulus for human beings. After reviewing the major contributions in this field, here we explore this
hypothesis by highlighting experimental evidence from studies in neuroaesthetics and art history
cases that corroborate this view in an attempt to show the potential that this framework can bring to
the aesthetic debate.
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Definition and Origins of the Supernormal Stimulus

he term supernormal sign stimulus — also named supernormal stimulus — refers to a stimulus

capable of producing reactions and behavioural patterns that are amplified compared to the
norm (Tinbergen, 1948, 1951; Immelmann and Beer, 1989; Barnett, 2021). The phenomena re-
lated to supernormal stimuli were first systematically described as part of the studies on the instinc-
tive behaviour of animals, conducted by Konrad Lorenz and Nikolaas Tinbergen between the
1930s and 1950s. In those years, Lorenz advanced the imprinting theory, according to which
instinctive behaviours are activated by innate trigger mechanisms that are provided by specific
stimuli, defined as “sign-stimuli” or “releasers” (Lorenz, 1950). Subsequently, Tinbergen observed
that these innate responses were amplified when the sign-stimulus had physical characteristics exag-
gerated as compared to the norm, such as oversize or greater figure-background contrast (Tinbergen,
1948, 1951). For example, while observing the hatching behaviour of female cuckoos, Tinbergen
discovered that they stealthily lay their large eggs in the nests of birds of other species, whose eggs are
typically smaller. The “host mothers”, unaware of the deception, are attracted by the size of the
cuckoo’s eggs and respond by sitting on the eggs for longer than their own (Tinbergen, 1951).
Similar behavioural responses were also observed in the presence of artificial stimuli. For example,
Koehler and Zagarus (1937), years before Tinbergen, observed that ringed plovers (Charadrius
hiaticula) preferred to hatch artificial eggs with characteristics amplified by greater figure-back-
ground contrast than their own. Similar phenomena in animal behaviour have been observed also in
other species such as insects and non-human primates, both when faced with natural and artificial
stimuli (Tinbergen, 1948, 1951; Tinbergen and Perdeck, 1950; Magnus, 1958; Gray et al., 1980;
Bielert and Anderson, 1985; Tanaka etal., 2011). It has been hypothesised that there is an evolution-
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ary mechanism of “asymmetric selection” at the basis of the effects that a supernormal stimulus can exert
in nature (Staddon, 1975), according to which it is the absence of selective pressure against amplified
behavioural responses that allows for their manifestation. Similarly, the “peak shift” effect has also been
hypothesised to rely upon this type of evolutionary mechanism. Peak shift is a behavioural phenom-
enon — observed in learning processes and related to that of supernormality — that based on previous
experience causes a shift in preference towards items with specific characteristics (Hanson, 1959).

As of today, the original conceptualisation elaborated by Tinbergen has been mostly abandoned
by the field of ethology (De Block and Du Laing, 2010). This happened for different reasons, among
which is the fact that the original conceptual framework was drawing from the contemporary
theoretical assumptions, mainly based on an innatist point of view (De Block and Du Laing, 2010),
which are mostly outdated nowadays. Nevertheless, the concept of supernormal stimulus has ex-
panded beyond the animal kingdom and it has subsequently been linked to many phenomena of
human culture, for instance the spread of television and video games (Barrett, 2010), fast-food
(Saad, 2011) and junk-food consumption (Witherly, 2007), control over bodily appearance
(Pazhoohi et al., 2020a, 2020b; Morris et al., 2013), pornography consumption (Barrett, 2010),
advertising and marketing (Hendlin, 2019), the Internet (Ward, 2013), terroristic attacks (Geher,
2015), and religion (Boyer, 2007). On top of this, greater attention has been devoted to aesthetic
experience, by discussing the hypothesis that visual arts (Campbell, 1959; Coss, 1968; Behrens and
Whitson, 1976; Ramachandran and Hirstein, 1999; Costa and Corazza, 2006; De Block and Du
Laing, 2010; Grinde and Husselman, 2022), music (Knobloch, 1995/2000), and literature (Nettle,
2005), do indeed act as supernormal stimuli for humans.

Supernormal Stimuli in Human Culture

Based on the original ethological concept, there are two main levels to be taken into account when
talking about supernormal stimuli: the one of the object per se, which carries with it amplified
physical and formal characteristics — such as higher figure-background contrast, greater dimen-
sions, reduction to essential characteristics, etc. —, and the one of the subject that while interacting
with it reacts with amplified behavioural responses — by showing higher frequency of a behaviour
and overt preference for that specific item (Gagliardi et al., 2022).

In overcoming the initial specificity of the ethological definition of a supernormal stimulus, there
have been several attempts to apply this concept to phenomena of human culture, many of which
belong to the field of evolutionary psychology. Here we will review the major attempts that have
been proposed in the last two decades, by going through those studies that borrowed the concept of
supernormal stimulus, or an adapted definition of it, when dealing with phenomena of human
culture. It is important to notice that some of these theories have an inherent speculative nature, and
thus various alternative and novel theories could be proposed.

American psychologist Deirdre Barrett in her popular book Supernormal Stimuli. How primal
urges overran their evolutionary purpose (2010) was among the first to dig into various phenomena of
today’s consumer society, such as pornography, cosmetics, fashion, advertising, fast-food, manga,
anime, and the media and entertainment industry. Barrett suggests that we can conceive all these
products of human culture as supernormal stimuli because of the accentuation of certain peculiar
characteristics of these stimuli, whose impact reflects on activating and attracting the consumer to a
greater extent. Nevertheless she speculates that these categories of phenomena can become mal-
adaptive, as they activate the reward systems to a level not found in natural stimuli (see also Goodwin
etal., 2015, for a similar perspective). In this regard, Barrett considers how these stimuli could have
a negative effect on our health, being the driving force behind certain problems peculiar to our
societies, such as obesity, depression, anxiety, and various forms of addiction. Interestingly — she
sustains —, this occurs regardless of the fact that human beings — unlike animals — once aware of the
supernormal character of a stimulus, would be able to apply logic and self-control to manage and
overcome responses of an instinctual nature (Barrett, 2010).
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From an evolutionary perspective, it is still unclear why the exaggerated forms of certain stimuli
are more attractive, although some mechanisms have been proposed to explain the roots at the basis
of such a phenomenon (see Staddon, 1975). One speculative hypothesis has been put forward by
Barrett herself to explain how these stimuli can exert a maladaptive function nowadays, by suggest-
ing that the evolutionary root of our preference for these types of stimuli is to be found in the fact that
our reaction to them evolved in individuals living 10,000 years ago, in environments consistently
different than ours and characterised by a paucity of these types of stimuli. On the contrary — she
continues — the high number of exaggerated artificial alternatives of supernormal stimuli present
nowadays challenges our ability to manage and deal with them (Barrett, 2010).

A similar analysis has been proposed by psychologist Steven Pinker by using the metaphor of the
“cheesecake for the mind”. Specifically, the author refers to the many cultural stimuli that attract us
and succeed in doing so because they are capable of activating brain circuits that have evolved to
make us experience sensations of pleasure and that originally had an adaptive purpose (Pinker,
1997). In this sense, stimuli such as drugs — which Pinker includes in the classification of supernormal
stimuli together with others, among which is literature — would be artificial stimuli that contain
«megadoses of stimuli that cause us pleasure» (Pinker, 1997, p. 524). Pinker’s position in this regard
appears quite speculative, and other authors have come forward in highlighting its limitations and
incompleteness. One of these is Carroll (1998), who has criticised Pinker’s views for not showing
how different supernormal stimuli can lead to maladaptive behaviour while others can be highly
adaptive. For example, the author points out that recreational drugs have been proven to have
potential negative effects if taken during the developmental period, while phenomena like art and
music — that are also considered supernormal stimuli — are instead to be deemed positive from
different points of view, over the same years.

According to some analyses, many entertainment devices that have to do with storytelling, such as
television, films, comics, novels, and TV series, are to be considered supernormal stimuli for the
audience. For example, different studies exploring the evolution of narrative fiction or the viral
video-information phenomena (see for example, Nettle, 2005; Barrett, 2010; Astolfi, 2012; Arielli
and Bottazzini, 2018; van Peer, 2018; Burch and Johnsen, 2020; Burch and Widman, 2021; Dubourg
and Baumard, 2022) have focused on identifying narrative and image manipulation devices that
have the effect of activating and attracting the viewer above normal. Think of the narrative devices
used in fiction to amplify the reader’s engagement through the exaggeration of events in which the
main character is involved, who often has to go through a series of out-of-the-ordinary trials to gain
prestige or achieve particular goals. In some other cases, it is the text that is exaggerated in fiction, for
instance through the employment of rhetorical figures. Not to forget also exaggerated forms of
animated characters and comic strips, which amplify normal human forms to make them more
attractive (Burch and Johnsen, 2020; Burch and Widman, 2021); or the auditory stimuli of many
film genres, such as horror or action films, in which we hear terrifying sounds that are amplified
(Gallese and Guerra, 2019). Finally, probably among the most evolved forms of entertainment, are
immersive video games and virtual reality, which reconstruct an entire environment by amplifying
its forms and the beings that inhabit it.

Similar devices are also to be found in advertising and communication, where stimuli are thor-
oughly designed to be increasingly refined and attractive. In advertising, some scholars have de-
tected the use of supernormal signs and symbols for deceptive and non-evolutionary purposes.
Products placed on the contemporary market are designed, manipulated, and commercialised to
attract and produce awe in the user in order to maximise sales and profits, often with little regard to
social and physical consequences (Hendlin, 2019).

As part of the study of media communication, even terrorist attacks have been proposed as super-
normal stimuli for humans (Geher, 2015). The strong negative reaction of human beings to stimuli
such as blood and the gory scenes associated with these types of attacks — whose media resonance is
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practically inevitable — causes these events to be deemed, according to some interpretations, a form
of supernormal stimulus precisely because of their reaching thousands of people, and thus being
capable of producing mass results of negative psychological nature (e.g. Bildhauer, 2013). Whereas
in ancestral societies it would have been impossible to reach such large numbers of people, in con-
temporary society — through media and the dissemination of images — terrorist attacks easily act on
alarge scale. In this specific case, the association with the concept of supernormal stimulus heavily
relies on the amplified amount of people reached worldwide with a single event.

As previously suggested, the likelihood of many of our society’s supernormal stimuli becoming
harmful or maladaptive is high. However, this is not always the case according to other studies. The
global-level telecommunications network represented by the Internet has been identified by Adrian
F. Ward (2013) and others (see e.g. Firth et al., 2019) as a form of supernormal stimulus for humans.
In his work, Ward starts from the consideration that «the Internet may act as a “supernormal stimu-
lus”, hijacking preexisting cognitive tendencies and creating novel outcomes» and he refers to the
notion that «supernormal stimuli meet or exceed long-enforced selection criteria, but are generally
foreign to the environments in which these criteria developed; as a result, these new stimuli often
elicit greater responses than any naturally occurring stimuli» (Ward, 2013, p. 341). By identifying
this conceptual framework, Ward argues that the Internet may act as a supernormal stimulus in
many domains, especially that of memory — transactive memory in particular —as it can increase the
information storage potential compared to the limited biological storage capacity while decreasing
the related cognitive effort, hence exerting a pervasive influence by going so far as to hijack an
individual’s pre-existing cognitive tendencies with both positive and negative consequences. As
important an issue as this is to be tackled in the present times, the arguments advanced by Ward in
favour of including the Internet in the category of supernormal stimuli seem to deviate significantly
from the original definition of the term, which relies more on the characteristics of the stimulus per
seand the beholder’s specific response to them.

The reported phenomena have been identified as forms of supernormal stimulus or linked to it in
the context of human culture, and the related disadvantages for the individuals and the society have
been often outlined in these studies. However, as one can notice, in many cases the types of stimuli
included in the definition of supernormal stimulus do not strictly conform to the original definition
and this might result in speaking of supernormality when dealing with stimuli that just evoke a
stronger (as opposed to normal) response — be it “intense”, “frequent”, “long” or even “reaching many
people” (as in the case of terrorism) or “change the normal cognitive potential” (as in the case of the
Internet). Moreover, as we have seen before, not all supernormal stimuli in our societies are harmful;
some of them, on the contrary, are said to increase the “fitness” of the recipient (De Block and Du
Laing, 2010) —i.e., the ability to survive and reproduce. De Block and Du Laing’s reflections open
up the discussion of the central topic of our research, namely art as a supernormal stimulus.

In the following sections, we will ook at how art and aesthetic experience —just like other cultural
products — are indeed characterised by “modified” and “exaggerated” forms and are capable of
activating spectators in a complex way, actually providing benefits.

Art as a Supernormal Stimulus

Aesthetic experience encompasses the set of bodily and mental activities that human beings en-
gage in when confronted with an artwork (Leder et al., 2004; Jacobsen, 2010; Leder and Nadal,
2014; Beudt and Jacobsen, 2015; Chiarella et al., 2022). Such activities are to be considered transfor-
mative for human beings, as the viewer is perceptually and cognitively involved in a non-straight-
forward level of interpretation (e.g., Menninghaus et al., 2020). In this sense, an artwork, be it an
object, a ballet, a film, a musical piece, or a literary work, can be defined as such when it loses its
temporary qualities in order to acquire more universal and abstract meanings and levels of interpre-
tation: i.e., a painting of a human body becomes the highest synthesis of its aesthetic representation
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and that of a black silhouette can create psychological interference by altering the emotional and
perceptive state of the viewer, while the love relationship between two characters can become
representative of ideal love (Zeki, 2001, 2008).

Going back to the speculations made by researchers and scholars around the concept of supernor-
mal stimulus in relation to art, in this section we will review some of the major attempts. Indeed, as
Ellen Dissanayake suggests (2009), artists perform actions and display behaviours similar to those
described by ethologists in the ritualised behaviour of animals: they simplify, formalise, repeat,
exaggerate, and elaborate ordinary materials, bodies, environments, tones, body movements, se-
mantics and syntax, motifs, ideas. This way, artists «<make these elements special» (Dissanayake,
2009, p. 143) and «make the ordinary extraordinary» (Dissanayake, 2009, p. 143, see also Jakobson,
1971; Mukagovsky, 1964; Shklovsky, 1917). In doing so, artists attract attention, maintain interest,
and evoke emotions in their audience.

To our knowledge, Joseph Campbell (1959) was the first to identify a relationship between art and
the concept of supernormal stimulus, basing his assumptions on Carl Gustav Jung’s idea of “primary
images”, namely archetypes (1921). According to Jung, there are two fundamentally different sys-
tems of unconscious in the human being: the personal unconscious, on one hand, which is based on
images derived from personal experiences, belonging to the unconscious memory; and the collec-
tive unconscious, on the other hand, consisting of collective images, common to at least a group of
people, which are found within us and which Jung calls “archetypes” or “primary images”. The
concept of archetypes is akin to that of the “sign-stimuli” or “releasers” of instinctive behaviour
identified by Lorenz (1950). The archetypes Jung refers to are a memory deposit, an engram,
resulting from the synthesis of innumerable common experiences — a natural tendency with an
anatomical and psychological basis. Speaking of art and supernormal stimuli, Campbell dwells on
the environmental conditions in which the human brain has evolved and points out that our species
for its first 600,000 years foraged for food and had to protect themselves and their families from
turning into food for the very dangerous animal kingdom. Then, in the last 8,000 years, it has been
serving comparatively safe farmers, merchants, and professors — figures characterised by societies
capable of living off agriculture, trade, and culture. In Campbell’s view, there are structures in our
nervous system that have remained unchanged for 600,000 years. The latter are indeed archetypical
structures whose sign-stimuli or releasers are no longer present in our natural habitat but rather in
certain artificial stimuli. According to Campbell, human culture has created an environment rich in
artificial sign-stimuli capable of triggering automatic physiological responses, similar to those acti-
vated in our distant ancestors. The author gives some examples of supernormal stimuli in human
culture that would demonstrate their effectiveness in inducing concrete physical responses: repre-
sentations of faces in prehistoric times, kingly robes, gladiatorial vestments, and cosmetics. These
too, according to Campbell, could be explained by the presence of those previously mentioned
“activators” that recall “inherited” images, i.e., archetypes, belonging to our past as humans in a
natural habitat. It is worth mentioning that there are other hypotheses — which can complement that
of Campbell — that have been provided to explain the forms and functions of the artefacts that
Campbell reports as an example for illustrating his point. For instance, cultural influences and social
needs play a major role today (De Block and Du Laing, 2010) —as they probably did in prehistoric
times. Concepts such as that of ethnic markers — the signs by which ethnic boundaries are defined or
maintained (Colman, 2015) — provide other perspectives contributing to the study of art, by focus-
ing more on the cultural origin and societal necessities instead of the biological factors (Boyd and
Richerson, 1987; Bell and Paegle, 2021). However, the role of culture in art is not in conflict with the
idea of art as a supernormal stimulus, but rather it integrates it, highlighting, once again, the com-
plexity of the debate around art.

The concept of releasers is later taken up by Richard G. Coss (1968). He observes that, throughout
the historical development of art, from prehistoric culture to the present day, similar decorative
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elements (releasers) have been applied to human artefacts, which he identifies for instance in facial
features, such as eyes, eyebrows, mouth, and teeth. The concept of the supernormal releaser (Coss,
1968) could already be observed in the sensitivity to face patterns in objects made 75,000 years ago
by Neanderthals, but also in the emphasised body forms of representations such as the Venus steato-
pygia (Venus of Willendorf) of 30,000 years ago.

Roy R. Behrens and Paul D. Whitson (1976), argued about art and the supernormal stimulus to
explain the concept of art understood as mimesis, namely as imitation of reality. In their view, the art
object, like the ethological supernormal stimulus, would be a more effective “representation” of
reality than reality itself: the element defining the difference between the art object and the object in
itself would be precisely the non-similarity, the difference from the starting model, which invites the
spectators to awe and amplifies their reaction in front of the art object or the image. In The Power of
Images. Studies in the History and Theory of Response (1989) David Freedberg tackles this topic by
analysing the power that images have on humans in triggering reactions above the norm. Freedberg
takes a new point of view in the analysis of visual culture, overturning the typical attitude with
which images had been analysed up until then. Putting aside the traditional distinctions between
artworks and “popular” images, between what is “beautiful” and what is “ugly”, Freedberg focuses on
the study of the emotional reactions evoked by images (from sexual arousal to mystical contempla-
tion) and the reasons underlying certain human behaviours towards images (the attribution of
miracles, iconoclasm and the destruction of images).

A connection between art and the concept of supernormal stimulus has also been drawn by Ferdinand
Knobloch (1995/2000) for the specific field of music. According to Knobloch (1995/2000), music is
able to elicit strong and deep passion in humans by stimulating the brain through the use of forms of
supernormal stimuli that evoke evolutionary programmed releasers such as human male and female
voices, laughs, cryings. In this view, musical instruments act by enhancing these types of biologically
relevant stimuli (for alternative hypotheses on the evolutionary roots of music see also Fitch, 2016,
and Haiduk and Fitch, 2022).

At the end of the 20th century, the contribution of neuroscience to studies on art appraisal partly
revolutionised the approach in this field, somewhat reaching — explicitly or otherwise — the idea that
artistic stimuli actually act as supernormal stimuli. Neuroscientists such as Semir Zeki and Vilayanur
Ramachandran have turned their attention to the neurobiological processes underlying art ap-
praisal, through the contribution that neuroscience can make to the studies on psychic processes. For
example, Zeki argues in Art and the Brain (1998) — a pivotal text for the definition of the new
discipline of neuroaesthetics — that we should consider artists of the past as “natural scientists”. He
suggests that artists were able to study the mechanisms of the brain and activate it in an aesthetically
“valid” way, as they succeeded in abstracting the “essential characteristics” of an image, by eliminat-
ing redundant information, and leveraging the neural mechanisms of perception. Further extending
this perspective to the study of art fruition and aesthetic experience, Vilayanur Ramachandran and
William Hirstein (1999) state that what the artist is trying to do — on a conscious or unconscious level
— is to capture the essence of what they are representing and amplify it, in order to activate in an
enhanced manner those neural mechanisms that would be activated by the object itself. Thereafter
in the book The Emerging Mind (2003), Ramachandran identifies “ten laws of artistic experience”,
eight of which were already mentioned in the first work with Hirstein (1999) — hyperbole, percep-
tual grouping and binding, perceptual problem-solving, isolation, contrast, symmetry, abhorrence
of coincidence/generic viewpoint, repetition, rhythm and orderliness, balance and metaphor —
corresponding to certain perceptual mechanisms that use the amplification of perceptual character-
istics of stimuli as a tool for art production. Authors posit that aesthetic appreciation rests on neuro-
biological foundations akin to those of the peak shift effect — being, as above mentioned, a learning
phenomenon that has the effect of shifting preference towards a specific object, which, in the case of
art, would be, precisely, the artistic stimulus whose formal characteristics have been amplified by the
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artist. The “caricatures” of archetype forms or images produced by artists act on neural circuits by
activating them more effectively than natural stimuli, in fact acting as supernormal stimuli. Hence,
the authors postulate the aphorism “all art is caricature” (not to be intended in a literal way)
(Ramachandran and Hirstein, 1999; Ramachandran, 2003).

Experimental Evidence Supporting the Vision of Art as a Supernormal Stimulus

The field of neuropsychology, experimental aesthetics and more recently neuroaesthetics have
offered different methodological, research and analysis tools for the study of aesthetic experience
(Fechner, 1876; Freedberg, 1989; Ramachandran, 2003, 2004; Zeki, 2003). Since its inception,
experimental aesthetics has sought to analyse the formal and phenomenological variables of art and,
consequently, the cognitive and precognitive response of the public. The various schools of thought,
from Fechner onwards, have played a decisive role in the debate on the phenomena of perception
and their manifestation in the domain of art (see Jacobsen, 2010 for an overview). Aesthetics expe-
rience and appreciation are influenced by several factors, such as evolutionary, anatomical or physi-
ological constraints, but also culture, history, and individual differences (Jacobsen, 2010). In recent
years, much experimental evidence has examined the properties of certain stimuli in the art field,
validating their attributes as supernormal stimuli. These studies have mainly focused on the repre-
sentation of the body in the artistic sphere, specifically on the level of attractiveness of the repre-
sented forms of the human body and the viewer’s response to them (Thornhill and Grammer, 1999;
Costa and Corazza, 2006; Doyle, 2009; Morris et al., 2013; Markoviz, 2017; Pazhoohi et al., 2020a,
2020b; Adam, 2021; Prokop, 2022). Some of these studies will be reported as a model of experimen-
tal evidence supporting the idea that artistic stimuli act by enhancing the viewer’s reaction com-
pared to the norm. It is important to make clear that for the purpose of this work we will almost
exclusively focus on formal characteristics of artistic stimuli and the specific response of the beholder
to them, to be used as an example of supernormal attributes. However, we are not neglecting the
relevance of other factors, such as historical and socio-cultural ones, that are always intrinsic to
artistic production and affect inevitably the aesthetic experience.

Several studies in neuroaesthetics have highlighted how the representation of body parts and
motor acts of human figures in certain works of art can activate our “mirror system” and induce
cerebral activation to a greater extent than simple images (Ardizzi et al., 2020; Battaglia et al., 2011;
Gallese and Freedberg, 2007; Gallese et al., 2021; Freedberg and Gallese, 2007). Neuroscience today
refers to embodied cognition as the cognitive process that, applied to art, sheds light on how, when
observing an artwork, not only vision is involved, but also the sensorimotor and somatosensory
systems and the circuits that govern our ability to feel emotions (Gallese et al., 1996; Gallese and Di
Dio, 2012). Quoting David Freedberg and Vittorio Gallese, the signs of which the artwork is
composed would be «the visible traces of goal-directed movements; hence, they are capable of
activating the relevant motor areas in the observer’s brain» (Freedberg and Gallese, 2007, p. 202).
The authors show that the viewer when standing in front of a painting reacts “as if” experiencing the
action first-hand. This would be the case with figurative images, such as in Caravaggio’s Incredulity
of Saint Thomas (1600-1601), where Thomas’ index finger “insistently” enters Jesus’ liver, but also in
the case of abstract images, where the physical trace of the artist’s gesture is rather recognisable, for
instance in Lucio Fontana cut canvases or in Jackson Pollock’s dripping (Gallese, 2009; Sbriscia-
Fioretti et al., 2013; Umilta et al., 2012). In a transcranial magnetic stimulation (TMS) experiment,
authors measured participants’ motor activity when confronted with Michelangelo’s Expulsion from
Paradise (1510) and compared the observation of Michelangelo’s painting of Adam’s arm with a
photograph of the same pose reproducing a human arm of the same size, and with the mental
rehearsal of that painting (Battaglia et al., 2011). Results show that the level of corticomotor excit-
ability recorded during observation of the photographic reproduction was significantly lower than
both the observation of Michelangelo’s work and the corresponding mental rehearsal (Battaglia et
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al., 2011). According to these data, the effect of observation of the artwork on the primary motor
cortex is greater compared to that exerted by the photograph of a human arm (Battaglia etal., 2011),
hence experimentally validating that art images can stimulate brain circuits in an enhanced manner
as opposed to simple images, thus in line with the “supernormal” attribute.

The latter study was chosen as an example to describe one of the possible approaches used in
neuroaesthetics and, most importantly, it was selected precisely because it was one of the first, to our
knowledge, to specifically compare the beholder’s response to a figurative scene depicted in an
artwork by a worldwide recognised artist with a photographical control image depicting the same
scene, which allowed us to make our point on the supernormal potential of artistic images. However,
it is crucial to underline that there have been several other approaches — often less invasive than
TMS, such as eye-movement analysis, electrodermal activity, heart rate variability,
electroencephalography, event-related brain potentials (ERPs), magnetoencephalography, func-
tional magnetic resonance imaging (fMRI) or positron emission tomography — that by analysing
and correlating the beholder’s behavioural implicit and explicit responses have tried to define aes-
thetic experience (for an overview see Jacobsen, 2010).

The characteristics of Adam’s arm are in fact painted by Michelangelo in a way that they are
amplified, exaggerated in some traits compared to the norm. As such, in keeping with the
abovementioned study (Battaglia et al., 2011), they succeed in amplifying the neural response of the
subject observing them. Many examples of this sort are witnessed throughout art history. A study by
Costa and Corazza (2006) reported that portraits of faces share some characteristics across the
different periods of art history: the roundness, width, and height of the eyes and the roundness and
height of the lips are significantly more prominent in artistic portraits than in photographic ones; the
width of the lips as well as lower-face roundness are, conversely, less prominent in artistic portraits as
opposed to photographic portraits. Facial features including the shape and size of the eyes, lips, and
faces are known to play a key role in the perception and processing of faces (see Haig, 1985; Bruce
and Young, 1998) and so is their importance in artistic representations (see Koenig and Auge, 1975;
Gombrich, 1982; Gregory et al., 1995). Feature saliency has been also attested by face scanning
studies on eye movements (Gandelman, 1986), by studies that have drawn a connection between
facial anthropometrics and the perception of beauty (McArthur and Apatow, 1984; Cunningham et
al., 1990) and by studies that have shown that caricatured face images are more easily identifiable
than images of original faces (Lee et al., 2000; Rhodes et al., 1987). Interestingly, at the neurological
level, several experiments conducted with macaques have revealed an increased brain response in
the areas responsible for face recognition when presented with exaggerated features (Freiwald et al.,
2009; Chang and Tsao, 2017; Kandel, 2012). Elements affecting dynamism, gait, and perception of
movement, used as artistic devices, such as the contrapposto pose, have also been observed to have a
more activating effect than the norm (Pazhoobhi et al., 2020a).

The studies reported here are by no means exhaustive of all the rich and diverse experimental
evidence at disposal supporting the hypothesis that artistic stimuli are designed to be “superstimulating”
to some extent. However, they do provide insights into the kind of approach neuroscience can share
with research in the art field.

Aesthetic Principles Outlining Forms of Supernormal Stimuli in 20th-Century Art Pro-
duction

Here we focus on the analysis of some of the aesthetic principles recently published by Numero
Cromatico, an Italian collective of artists and researchers with a background in various disciplines —
including neuroscience — which has been carrying out an interdisciplinary research for several years
(Gagliardi, 2021). These principles are part of a more detailed analysis previously published (Gagliardi,
2021; Gagliardi et al., 2022). It is through such principles that we will be looking at the concept of
supernormal stimulus in 20th-century art production, by seeking to stick to the two main levels that
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we identified within the original ethological concept, the one of the amplified characteristics of the
stimulus and that of the beholder’s reaction.

Interaction

When speaking of interaction, we refer to the relationship that the artist wants to establish with the
viewer. In this sense, the artists design their works as real stimuli aimed at triggering a certain
reaction in the public, which is as unprecedented, atypical and profound as possible. The principle of
interaction, thus understood, has been incorporated in the art production of various artists and
movements, especially since the advent of the historical avant-garde. Futurism, in fact, has overtly
spoken of interaction (Marinetti, 1909, 1913), but after that, many have shown interest in the
concept of interaction, by exploring it in different ways, from a purely sensory-body and a cogni-
tive-conceptual perspective. Among these are the Russian Constructivists, Marcel Duchamp, Ex-
perimental cinema, Arte Programmata, Kinetic art movements, those artists who delved into the
radical zero-resetting of all expressive traits of painting in the late 1950s (including Piero Manzoni,
Mimmo Rotella, Mario Schifano, Yves Klein, Sergio Lombardo), the artists of the famous event at
Black Mountain College in 1952, Allan Kaprow and also Scuola di Piazza del Popolo, Pop Art, Visual
and Concrete Poetry (Belloli, 1959), the Conceptual movement (Lewitt, 1967), in some cases also
the Italian Arte Povera and certainly the Eventualist movement (Lombardo, 1987).

Expressive Albstinence

Recently formalised by Sergio Lombardo in his Eventualist theory (1987), the concept of expres-
sive abstinence is part of a practice akin to various art movements, since the beginning of the 21st
century. The aim of the artist embracing this aesthetic paradigm is to minimise to a great extent
individual and subjective expression so as to favour the construction of aesthetic devices embedded
with potentially destabilising, ambiguous, and polysemic characteristics, open to multiple interpre-
tations, intended to stimulate a profound response from spectators.

Minimalism

Minimalism has been repeatedly taken up from different perspectives throughout the last century:
as shrinking of the constituent elements of the artwork with Kazimir Malevich, who in 1915 painted
ablack square on a white background entitled Quadrangolo [Quadrangle], Spatialism (born in 1946),
Robert Rauschenberg’s White Paintings dating back to 1951, Sergio Lombardo’s 1958 Monochromes,
conceptual art from the second half of the 1960s up to Numero Cromatico. Minimalism means
leaving no room for the superfluous, confusion, and arbitrariness in the process of designing an
artwork (Gagliardi, 2021; Gagliardi et al., 2022). This approach to art research entails artworks that
are enriched by formal components, materials, and techniques that fall within economic, ecological,
and, above all, appropriate limits, specifically designed to “effectively” stimulate the public.

Enriched Spaces

Opting for enriched spaces is another trend that can be detected in the art production of many
20th-century movements exploiting certain characteristics of the supernormal stimulus. It refers to
the more general use of space, of the environment, as a form of multimodal aesthetic experience.
Operating on the space of representation means using techniques, tools, and materials apt for trig-
gering the public on both a bottom-up level (i.e., through the formal — namely materia