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Abstract

Beauty is commonly used to refer to positive evaluative appraisals that are uniquely
human. Little is known, however, about what distinguishes beauty in terms of
psychological function or neurobiological mechanisms. This review describes recent
empirical studies, and synthesizes what behavioral, cognitive, and neuroscientific
experiments have revealed about the nature of beauty. These findings suggest that
beauty shares computational mechanisms with other forms of hedonic appraisal of
sensory objects, but is distinguished by specific conceptual expectations. Specifically,
experiencing an object as pleasurable is a prerequisite for judging it as beautiful, but
to qualify as “beautiful” an object must elicit especially high levels of pleasure and be
matched to internal learned models of what counts as beauty. We discuss how these
empirical findings contradict several assumptions about beauty, including the notion

that beauty is disinterested, and that it is specific to Homo sapiens.
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Beauty is currently attracting more attention from biologists, neuroscientists,
and psychologists than ever before. According to Web of Science, about 20,000
papers have been published on beauty since 1970. Of these, 13,000 have been written
just in the last decade. There are several reasons for this recent surge. With a beauty
industry in perpetual expansion, and a growing concern about self-representation on
social media (e.g. many apps now include “beauty filters” for selfies and online
meetings), the role beauty plays in human society has become of great interest to
social, behavioral, and brain scientists.' At the same time, advances in neuroimaging
methods have allowed neuroscientists to search for the biological basis of beauty
appreciation.”® Finally, growing evidence for complex perceptual, cognitive, and
affective mechanisms involved in animal mate choice has raised questions about the
role beauty plays in driving sexual selection.”” These and other factors have allowed
and encouraged scientific research into the psychological and biological factors
determining why some objects are experienced as beautiful, while others are not, and
how beauty affects choices, psychological wellbeing, and social interactions.

Yet, despite this remarkable output of publications, beauty is rarely defined in
clear behavioral, psychological, or neurobiological terms. It is even unclear whether
scientists working on different aspects of beauty share a common understanding of
what beauty is. If beauty denotes a specific evaluative response that humans can have
to sensory objects—this flower is beautiful—a scientific account of beauty requires
characterizing what is distinct about it. So far, however, neither psychology nor
neurobiology have succeeded in showing how beauty appraisals differ from other

. 10,11 . . .
forms of sensory appraisal. > There are several overviews of neuroscientific

2,5,12-14 15-18

research on aesthetic appreciation and facial attractiveness. But no review
paper has tried to summarize what is known about beauty as a psychological and
neurobiological phenomenon per se.

Our goal here is to amend this situation by synthesizing what the scientific
evidence has to say about the nature of beauty. Our main aim is to elucidate what is
known about beauty as a behavioral, psychological, and neurobiological phenomenon.
We discuss whether empirical findings support the distinction of beauty from other
types of sensory evaluation, whether beauty owes to specifically human psychological
or neurobiological features, and the ways in which experiencing something as

beautiful influences the way we interact with it.



From Philosophy to Science

Beauty is first and foremost a philosophical idea.'*?’

For most of its history,
the idea of beauty has been discussed without any detailed understanding of human
biology or psychology. In the Western tradition, systematic thinking about beauty
goes back several thousand years, at least to the Classical Greeks. To these early
philosophers, the idea of beauty was a broad concept. They used the word “beautiful”
(kalos) to mean almost the same as the word “good” (agathos). Beautiful meant good
and pleasant, and could be applied to architecture, sculpture, the human body, but also
to people’s characters, a city’s laws, and governance. Beauty took the form of
harmony when referring to sound, and of symmetry when referring to vision. Beauty
was found in order—the arrangement and proportion among parts—and in the
appropriateness of things to their end—their adequacy, aptness, and suitability. In all
of these cases, beauty was conceived as a property of objects, not as a subjective
response to them.*'

This Great Theory of Beauty”* prevailed for close to two thousand years. But
several factors contributed to its demise during the 18" century. Classic art, which
had been the tangible justification for the Great Theory of Beauty, gave way to
Baroque and Romantic art. But most importantly, in response to Cartesian rationalism
and to universal principles of reason, Empiricism elevated human experience as the
seat of knowledge and feeling. In line with this, the British Empiricists rejected the
notion of beauty as residing in objects in favor of a notion of beauty as a quality of
human understanding. Beauty was now conceived as an internal sense, as a kind of
pleasurable judgment of complex features that exhibit some form of arrangement.*>*°
The key to understanding beauty was no longer found in the properties of objects; it
was now found in certain qualities of aesthetic judgment that made it reliable and
legitimate. The most influential of these qualities was disinterestedness: judgments of
taste should be impartial, not based on the prospect of personal benefit or advantage.
The German philosopher Immanuel Kant also saw disinterestedness as the key to
legitimate and universal judgments based on the pleasure of perceptually
apprehending something.”’ Kant placed aesthetics, as the philosophical theory of art
and beauty, on equal standing with the theory of truth (metaphysics and

epistemology) and the theory of good (ethics).



Originally, disinterestedness did not refer to a quality dimension of
experience.”® Rather, it was a quality of aesthetic judgments. But with the “art for art’s
sake” movement of the 19™ century, disinterestedness came to be regarded the crucial
quality of the experience of beauty.”>' Since art was viewed as valuable for its own
sake rather than as a subordinate means to other values, such as worship, glorification,
celebration, or entertainment, it was considered to have no other use than to be
aesthetically experienced, and this required absolute disinterestedness. Only
completely useless things, those that reveal no use or need, could be appreciated
aesthetically.

The avant-garde movements and art theory of the 20™ century contested and
rejected the entangled notions of a distinct aesthetic disposition, the separation of
aesthetic experiences from other common experiences of life, and the privileged
status of beauty. But by then these ideas had already filtered into psychology and
neuroscience and crystalized as tacit assumptions. It was taken for granted that beauty
is a specific kind of (disinterested) pleasure, elicited only by certain objects (faces,
art, nature). For instance, Valentine wrote in his 1962 book The Experimental
Psychology of Beauty:** “We should hardly call the pleasurable sensations due to a
satisfying meal ‘beautiful’” (p. 9). Even today, these unquestioned assumptions
continue to influence the way scientists conceive beauty. Beauty is seen as the
purview of such fields as empirical aesthetics, social psychology and reconstructive
surgery, possibly sexual selection and mate choice, but certainly not fields concerned

with motivation, or the pleasure of food, drink or touch.>

Beauty as a Scientific Problem
The psychologist Daniel Berlyne, who, in the 1970s, put empirical aesthetics
on a biological footing, understood beauty as pleasure from perception.”*”” In the
same line, in psychology and neuroscience, beauty is currently conceived as a form of
sensory appraisal, an affective response that people may have when they encounter

3,12,14,15 : : ot :
© 7 Most experiments investigating this response seek to

sensory objects.
understand why it arises: what are the factors that make an object appear beautiful?
Since there is no independent biological marker that can be used to identify

neurobiological states as beautiful, all such studies rely on subjects reporting whether



they experience something as beautiful or not. Based on such evaluations, scientists
can ask if beauty responses are elicited by specific perceptual properties, and try to
chart the neural processes necessary for their generation,>'*'*%

Over the last 150 years, influenced by the philosophical tradition mentioned
above, hundreds of behavioral studies have sought to determine which sensory
features people find beautiful by systematically manipulating stimulus properties.
While these studies have found some stimulus properties to be reliably associated

with beauty responses in most people—e.g., symmetry or facial averageness in the
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visual domain; consonance or expectancy violations in the auditory domain™ "—

they have also revealed that beauty responses are not fixed.***

Not only do people
differ in how beautiful they find a stimulus property but, depending on context and
circumstances, even the same person can find the same stimulus beautiful on one
occasion but not on another.

Based on such findings, neuroscientists have recently revised their model of
how aesthetic evaluations take place.”** Aesthetic evaluations of sensory objects are
no longer thought of as reflexive hardwired—perhaps even innate—responses to
object features. Determining whether a stimulus is liked or disliked also involves
integrating factors signaling the internal state of the organism, expectations for the
sensory object being evaluated, and cognitive demands related to plans and on-going
behavior (Figure 1). Rather than finding specific perceptual features beautiful
regardless of context, people evaluate the hedonic value of the sensory objects in a
flexible way, allowing them to estimate how rewarding the object will be in the

. . 49
context of their current needs and behavioral concerns.
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Figure 1. Factors known to affect the computation of aesthetic appraisal. Aesthetic
evaluations involve the attribution of hedonic value to sensory input. As a rule of
thumb, we like sensory objects that evoke pleasure and dislike objects that evoke
displeasure. Empirical evidence suggests that hedonic values are computed by
different reward mechanisms in the reward system (C). While it remains unclear why
some perceptual representations (A) trigger pleasure, and other displeasure, studies
have found evidence that aesthetic liking varies with several different perceptual
mechanisms. Complicating the picture further is the fact that reward processes are
modulated both by interoceptive information (D), signaling the internal state of the
body, and expectations about the stimulus that arise from executive mechanisms
involved in the control of behavior (B). Such task-related expectations also influence
how a stimulus is being perceptually represented. Aesthetic evaluations are therefore
best conceived of as temporal events where the brain assesses how valuable a given
sensory object is in the context of current needs and behavioral goals.

Current evidence from human neuroimaging experiments suggests that
aesthetic evaluations rely on the engagement of neural nuclei that generate degrees of

50-55 . .
These neurons are distributed across the

pleasure and displeasure.
mesocorticolimbic reward circuit, including the nucleus accumbens, caudate nucleus,

pallidum, amygdala, orbitofrontal cortex (OFC), anterior cingulate cortex (ACC), and
the insula (Figure 2). Liking is assumed to be associated with the generation of states

of pleasure,” while disliking is thought to involve the generation of negative

emotions,’® perhaps especially disgust.”” While these affective states correlate with
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specific regions of the reward circuit in animal models,” current understanding

suggests that liking and disliking in humans rely on distributed networks of activity

that involve multiple anatomical regions.*"*’

Furthermore, hedonic evaluations do not only engage liking and disliking
processes. They also initiate wanting processes that reflect the expected reward value
of the object being assessed (Figure 1).°° Wanting processes modulate perceptual and

executive processes, prompting the object to become both more salient and desirable,

62,63

thereby influencing behavior.®' Reinforcement learning models suggest that
Y g g gg

organisms use their experiences of how likable an object is to form habits about

which parts of the world it should approach, and which it should avoid.
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Figure 2. Neural correlates of beauty. Representation of data from 18 fMRI studies
reporting neural correlates specifically for beauty judgments.®*®' The figure depicts
the distribution of reported activity as it is located across the reward circuitry. Each x
indicates that a study reported activity for beauty judgments in the depicted
anatomical region.

Neuroimaging experiments that have used beauty judgments as a specific
evaluation task have found that beauty evaluations also correlate with activity in
multiple reward structures (Figure 2).°**' Since most of these experiments report
enhanced activity in the medial OFC and the anterior part of ACC, some researchers®®
have argued that beauty responses may be associated with a specifically dedicated
region in the medial OFC. However, statistical meta-analyses that include a range of
different evaluation experiments, including several of the beauty experiments
reviewed here, suggest that medial OFC is a common computational hub for many

types of positive hedonic evaluations.’””'*>** At least based on the small set of



imaging studies that have so far employed beauty judgment as an evaluation task, it
appears that neural activity underlying beauty evaluations overlaps with that of other
types of hedonic evaluations.

Having said that, the evidence currently available does not allow us to model
the computational architecture for beauty evaluations in detail. Findings from non-
beauty experiments suggest that contextual conditions, such as attending explicitly to
an object with the purpose of evaluating it versus evaluating it implicitly, modulate
how parts of the reward circuit become engaged.®">*™ It remains to be seen if
beauty evaluations are associated with specific flows of information from sensory
systems to individual reward mechanisms, including signals associated with reward
prediction and outcome, liking and wanting, and so on. Ascertaining whether beauty
evaluations engage, say, wanting signals in a unique way requires imaging
experiments that directly compare beauty evaluation tasks to other types of aesthetic

evaluation, such as liking or attractiveness.

Beauty and Pleasure
The neuroimaging literature described above suggests that we experience an
object as beautiful when beauty evaluations tap into pleasure mechanisms employed

9,48,49,85 . .
578 Pleasure 1s believed to have evolved as a

by diverse hedonic evaluations.
mechanism that helps motivate organisms to seek out environmental features and
resources that are necessary to their survival, and therefore evolved early along the
vertebrate lineage.*™*’ Neurobiological processes associated with the generation of
pleasure are highly conserved across species, raising the possibility that human beauty
responses are not really unique, that they employ neural mechanisms also engaged by
other pleasure experiences. As noted, both philosophers and psychologists have long
assumed that beauty can be distinguished from more “basic” forms of pleasure, but
empirical support for this proposition is scant.

Experiments where the same pool of stimuli are rated according to different
kinds of evaluative judgments, such as pleasantness, liking, or beauty, have
consistently found that beauty judgments are highly correlated with pleasure

. 88-93
ratings.

In one of our own studies where subjects rated photographs of interior
architectural spaces both according to beauty and pleasure, pleasure ratings predicted

beauty ratings, and accounted for 58% of their variance.”” Furthermore, studies usin
y g g



factor analysis have found that beauty and other evaluative judgments load onto a
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common factor, referred to by Berlyne as hedonic tone®’ or hedonic value.

Comparing behavioral data does not show that beauty responses are
neurobiologically identical to hedonic pleasure responses. To make this claim,
neuroscientists need to manipulate the state of pleasure experienced for a sensory
object. One way this can be accomplished is by inhibiting opioid signaling in neurons
responsible for generating pleasure. Several intervention studies in animals and
humans’®”” have demonstrated that blocking p-opioid receptors in ventral striatum or
OFC significantly reduces pleasure responses. In humans, Chelnokova and
colleagues'” found that ingesting naltrexone, a p-opioid antagonist, diminished
heterosexual men’s liking for highly attractive female faces. In a similar vein, Mallik,
Chandra and Levitin''' reported that subjects experienced reduced pleasure for music
when administered naltrexone.

Does a diminished ability to experience pleasure reduce the ability to
experience stimuli specifically as beautiful? Brielmann and Pelli** recently
investigated this question by asking a cohort of participants varying in the ability to
experience pleasure, with some exhibiting high degrees of anhedonia, to rate images
according to their perceived beauty. Results of this study indicate that being unable to
experience pleasure indeed reduces the possibility of experiencing images as
beautiful. As Brielmann and Pelli** concluded, being able to experience something as

pleasurable is a prerequisite to experiencing it as beautiful.

Beauty and Cognition

All of the aforementioned results suggest that when humans appraise the
beauty of objects, they engage mechanisms that evolved to compute hedonic pleasure
signals. In terms of its affective component, beauty might thus simply be another
name for pleasure. Yet, even though current evidence strongly implies that pleasure
judgments and beauty judgments tap into a common affective system, studies have
also found that pleasure and beauty are not equivalent.

Russell and George'"* demonstrated that even though judgments of likeability,
pleasingness, and preferability were highly correlated, different perceptual features
varied in the degree to which they influenced the three types of evaluative judgments.

For example, painting style was a strong predictor of pleasingness, but a weak



predictor of preferability, and had no significant influence on likeability judgments.
Other studies have found similar effects.'” "% Such results suggest that different
forms of evaluative judgments lead people to weigh different aspects of the stimulus
when they assess its aesthetic value. In other words, we may have different beliefs as
to what counts as “attractive,” “likable,” “beautiful,” and so on. These prior models
may conceivably affect how we represent and process a stimulus during evaluation
events, modulating the kind of perceptual and affective information that is deemed
sufficient to warrant a specific evaluative judgment (“This stimulus is beautiful”).

In a recent experiment we tested if beauty judgments engage executive
processes involved in the formation of explicit evaluations in a different way than
liking judgments.'”’ Participants were asked to rate the same set of paintings using
both judgments types. The task of making an aesthetic judgment was embedded into a
n-back working memory task manipulating the load of visual working memory
throughout the aesthetic rating task. Results revealed that, while beauty and liking
ratings were unaffected by memory load, the two judgment types interacted
differently with the memory task. Specifically, beauty judgments led participants to
make more mistakes and respond slower on the memory task, suggesting that
evaluating beauty is more cognitively tasking than evaluating liking.

It remains unclear what defines an evaluative experience as beautiful. Data
from Brielmann and Pelli’s work™ indicate that people only consider stimuli for
which they feel intense pleasure to be beautiful. Other expectations people may have
for beautiful objects might include stimulus category, complexity, originality, or
uniqueness—factors used to define beauty in the philosophical tradition. Further
research is needed in order to describe the conceptual expectations people bring to
beauty judgments, and how predictions arising from such conceptions influence
neural processing during evaluation events. We also need neuroscientific work
investigating how expectations about beauty modulate hedonic evaluation compared

with other appraisal tasks.

Beauty and Behavior
Just as other forms of hedonic evaluation influence the way we interact with
objects we encounter, beauty responses affect decision-making and behavior.'®

Perceived beauty especially impacts our engagement with other people, the



architectural spaces we create and inhabit, and consumer products we choose to
purchase and use. In all of these cases, beauty has a substantial impact on affect,
behavior, and choices.

Faces and bodies are highly socially informative, and they are the central
focus of attention and valuation when people meet each other. Faces tell of others’
sex, age, strength, lifestyle, and constitute the bases for inferences about
psychological qualities, such as personality, intelligence and trustworthiness, and they
influence people’s attitudes and behavior towards others. The elements upon which
valuation of facial attractiveness is based are remarkably common across cultures:
18,37

averageness, symmetry, sexually dimorphic traits, and emotional expressiveness.

Faces with average traits (e.g., distance between the eyes, nose and lip size) are

38,109 39,110

generally found more attractive, and so are symmetrical faces. Female faces
are more attractive when they have exaggerated—to a point—features that distinguish
them from male faces, such as smaller than average noses and chins. Likewise, male
faces are more attractive when they the features that distinguish them from female
faces, such as strong square chins and heavy brows, are slightly above average."
People also find faces expressing positive emotions—smiling faces—more attractive
than emotionally neutral faces.''' Symmetry, exaggerated sexual dimorphic features,
and emotional expressiveness also influence the attractiveness of bodies and

112-114

movements. Despite these general trends, context, culture, and personal

circumstances mediate the effects of facial and body features on attractiveness.'>''°
Perceived beauty substantially affects how we evaluate other people’s
behaviors and personal attributes. Specifically, attractive individuals are attributed
more positive personal and interpersonal qualities (such as trustworthiness,
intelligence and social competence) than less attractive individuals.''''® This
association emerges quite early in development, and influences the way people treat
others.'"” Attractive children and adults are treated better, and given better
opportunities, than unattractive people. This is the case even in contexts in which such
differential treatment is discouraged or even against the law, including school

37,120

classrooms, job interviews, salary negotiations, and court sentences. In tandem

with this beautiful-is-good stereotype, people’s judgments are influenced by ugly- and

disfigured-is-bad stereotypes.'''*'

People attribute negative personal traits to others
with facial disfigurement: they view them with less empathic concern, as sources of

negative affect, as less emotionally stable, less conscientious, less happy, less



intelligent, less trustworthy, and less popular.'*"'**

Not surprisingly, most people
expend great resources, both in terms of time and money, on improving how attractive
they appear to others.

Beauty is also an integral aspect of how people respond to design. People in
industrialized countries can spend upwards of 90% of their lives in buildings,'*>'**
interacting with an enormous assortment of human made and designed objects. One of
the greatest challenges of architectural and consumer product design is to produce
buildings and products where aesthetic features, such as beauty or elegance, and
practical features, such as navigability, engineering, durability, and usability, blend
and highlight each other. The aesthetic qualities of architecture, such as ceiling height,
openness, and curvature have an impact on people’s emotions, cognitive functioning,
choices, and behavior.'”"?” They have the potential to entice people to enter and
explore further, or to dissuade them from doing so.”” With easy access to a plethora of
options for many classes of consumer products, from cellular phones to furniture and
home appliances, people find it increasingly difficult to choose based on price,
technical specifications, or quality. Consumer choices are, therefore, often mainly
driven by aesthetic features of product design, packaging, shop displays and interiors,
websites, and commercials.'*® The beauty of consumer products, and of the stores that
sell them, influences purchase intentions, word of mouth, and willingness to pay.'*”

Bl As with faces, the beauty of buildings and products is taken as a proxy indicating

good buildings and products.

Beauty is not Uniquely Human
One of the long-lasting consequences of the Great Theory of Beauty is the
widely held assumption that the appreciation of beauty is an exclusively human

attribute. The renowned geneticist Theodosius Dobzhansky'**

wrote that “Sensitivity
to beauty and making or doing things that are perceived as ‘beautiful” are among the
traits that elevate man above the brutes” (p. 214). If true, this would imply that Homo
sapiens evolved a unique set of neurobiological mechanisms associated with hedonic
evaluation that set human beauty responses apart from other pleasure responses
experienced by non-human animals.

But beauty, understood as the hedonic value assigned to perceptual objects,

modulated by interoceptive signals and cognitive control, is ubiquitous in the animal



world. Birdsong, bowers, colors of bird plumage, fish, and insects, are examples of
natural beauty. Hedonic valuation is a means the brain has of orienting an organism
towards objects and places that are meaningful, that matter for survival, by imbuing
them with reward value and incentive salience. The role of hedonic valuation is key in
foraging, predator avoidance, and finding and choosing suitable mates.

Many of the most remarkable examples of animal beauty are related to
mating.” Darwin'?® argued that the evolution of sexual beauty in animals owed to

sexual selection, or the competition for access to mates.'*

Mate choice, he thought,
was driven by “a taste for the beautiful,” that is to say, by an attraction to ornate
bowers, complex and varying songs, elaborate sequences of movements, and colorful
bodies and plumage.”® Most explanations for the role of beauty in mating preferences
focused on the information provided by male ornaments: the best quality and quantity
of ornaments indicate the best genes. However, with questions about the strength of
the evidence for “good genes” explanations, and with a growing understanding of the
underlying neural systems, the focus is shifting toward the processes involved in
females’ valuation of beauty'."*’

The features that bias animals towards or away from objects that are relevant
to individual and species survival share many commonalities with human hedonic
valuation. These include preference for fluency, or ease of processing, preference for
symmetry and prototypes as a result of learning and categorization processes, and
preference for interestingness, as in complexity and variety, as a remedy for
habituation.® The consistency with which many animal species, including our own,
rely on such features to value the environment and conspecifics around them is
striking.

Moreover, just as in the case of humans, animal hedonic valuation is not fixed
and absolute; it is not merely a case of set stimulus-response sequences. Hedonic
valuation in animals is flexible and context-dependent, modulated by the organism’s
state and goals."*® Responses to mate signals change in time, as with age and time
since the initiation of courtship, and with social context, as with mate choice copying,

and are weighed relative to other less preferable alternatives.®"’

' We are grateful to an anonymous reviewer for brining to our attention that this shift parallels the
change from a conception of beauty as a quality of an object to a conception of beauty as a quality of
an experience, described above.



There is a remarkable continuity between human and non-human animal
hedonic valuation. Hedonic valuation, in humans and other animals, responds to
similar features, such as fluency, symmetry, and complexity, and it is modulated by
similar factors, such as time, social imitation, and available alternatives. Thus, human
beauty appreciation is rooted in basic animal mechanisms of hedonic valuation that
orient animals towards or away from social and non-social objects and places that are
significant for survival by imbuing them with reward value and incentive salience.

Looked at through the lens of science, beauty is not the pinnacle of human
realization, and it certainly does not elevate humans above other animals. Beauty is
born out of mechanisms that regulate basic biological needs, common to many classes
of animals. A greater awareness that many species of mammals, birds, amphibians,
and fish experience something akin to beauty could go a long way toward changing

attitudes towards their welfare and conservation.

Conclusion

Beauty is a concept that has attracted intellectual interest for at least three
millennia. In the Western philosophical tradition, it has come to signify a
psychological response that is unique to humans, characterized by the experience of
disinterested pleasure for certain select categories of sensory objects.
As our review shows, this inherited view is contradicted by contemporary empirical
evidence. Findings from psychological, neuroscientific, and biological research
suggest that beauty should be conceived as a form of basic hedonic valuation that
humans share with other animals: only sensory objects that elicit hedonic pleasure are
experienced as beautiful. Like taste responses for food and drink, beauty responses
appear to involve the activation of pleasure signals that are common to other forms of
hedonic valuation. Crucially, hedonic valuation is generally assumed to function as
motivational signal, biasing behavior in ways that are adaptive to survival.
Experiments in many domains find beauty responses to affect behavior in a similar
way.

What makes beauty evaluations different to other types of hedonic evaluation
are the cognitive processes they appear to involve (Figure 3). As noted above,
context, expectations, and task demands modulate both the perceptual representation

of the object being appraised and the ensuing reward signals, influencing the appraisal



of beauty. People and animals have complex expectations of what beauty is, what it
means and what it signals, and such expectations play an important role in appraising
beauty, and in responding to it. Based on our current understanding of beauty
judgments, we suggest the hypothesis that making explicit decisions about whether an
object is beautiful or not involves matching conceptual models of what counts as
beautiful with online representations of its perceptual, cognitive, and hedonic

properties (Figure 3).
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Figure 3. A possible computational architecture for beauty judgments. Experiments
suggest that, in making explicit beauty judgments, people rely on conceptual models
of what counts as beauty; models that are represented by executive mechanisms in the
prefrontal cortex (B). These models set up expectations for what kind of perceptual
properties (A), and hedonic values (C), a given stimulus must match in order to
qualify as beautiful. Therefore, beauty decisions involve maintaining perceptual and
hedonic information online in working memory, and other structures underlying
decision-making (B), while comparisons of these with initial expectations are
conducted. For example, data from Brielmann and Pelli (2019) suggest that only
when a stimulus elicits high levels of hedonic pleasure does it qualify as beautiful.
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The scientific study of beauty remains in its infancy. It has been held back by
untested assumptions that treat beauty as a distinct class of experience defined by a
special kind of pleasure that is unique to humans in response to certain objects. A
mature science of beauty will only be possible if we continue to bring such
assumptions into the light, subject them to experimental test, and reject those that are
not supported by the data. As we have shown above, empirical studies present a

completely different picture of the nature of beauty. This picture is now clear enough



for psychologists and neuroscientists to begin outlining the computational, functional,

and physiological features characteristic of beauty responses and judgments.
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