Psychiatria Danubina, 2025; Vol. 37, No. 4, pp 430-439 https://doi.org/10.24869/psyd.2025.430 Narrative Review Article

© Medicinska naklada — Zagreb, Croatia

The illusory visual spectrum: Perception, neuroscience,
and art

Marleide de Mota Gomes', Elie Cheniaux®* & Antonio Egidio Nardi®

! Laboratory of the History of Psychiatry, Neurology, and Mental Health, Institute of Psychiatry; Institute of Neurology,
Federal University of Rio de Janeiro, RJ, Brazil
2 State University of Rio de Janeiro (UERJ), Rio de Janeiro, RJ, Brazil. Institute of Psychiatry of the Federal University
of Rio de Janeiro, Rio de Janeiro, RJ, Brazil
3 Laboratory of the History of Psychiatry, Neurology and Mental Health; Institute of Psychiatry, Federal University
of Rio de Janeiro,; Brazilian Academy of Sciences, National Academy of Medicine; Rio de Janeiro, RJ, Brazil.
received: 14. 7. 2024;

revised: 26. 11. 2024; accepted: 21. 1. 2025

Summary

This paper examines the intricate relationship between perception and illusion, emphasizing that human perception is a con-
structed, interpretative process shaped by sensory input, attention, and prior knowledge. It categorizes optical illusions into physical,
physiological, and cognitive types, examining how perceptual hypotheses interact with sensory data and memory. Tracing the evolution
of illusions from philosophical and artistic traditions to scientific investigation, the paper highlights how Renaissance innovations in
perspective and chiaroscuro, alongside Gestalt psychology and neuroaesthetics, have expanded our understanding of visual percep-
tion. Art techniques such as linear perspective, trompe [’eil, and chiaroscuro demonstrate how illusions can create immersive visual
experiences. Interdisciplinary insights from art, psychology, and neuroscience reveal the complexity of visual processing. Case studies
such as the Rorschach test demonstrate how individuals impose meaning on ambiguous stimuli, revealing insights into both conscious
and unconscious cognitive processes. Additionally, research on visual indeterminacy, the Default Mode Network, and non-invasive
brain stimulation provides a comprehensive perspective on the neural dynamics underlying perception. Clinical applications of optical
illusions are also explored, particularly for the identification and assessment of perceptual and cognitive disorders. In conclusion, the
paper argues that illusions challenge and refine our understanding of reality, underscoring the cognitive and interpretative nature of
human perception. It advocates for interdisciplinary collaboration as essential to deepening our appreciation of the complex mecha-

nisms underlying visual experience.
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INTRODUCTION

Sensoperception, blending “sensd” (sense) and “per-
ception,” is the first stage of cognition and involves inter-
preting sensory stimuli to form meaningful reality, engag-
ing multiple brain regions for attention, memory, emotion,
and cognition (Cheniaux, 2015). Perceptions are abstrac-
tions constructed by the brain from sensory input, as
demonstrated by processes like integrating an object’s
shape, movement, and texture into conscious experience
(Kandel, 2000). This paper examines these phenomena
through the lens of the ‘illusory visual spectrum’ — the
continuum of perceptual distortions ranging from com-
mon optical illusions to pathological misperceptions, all
revealing the brain’s interpretive mechanisms (Gregory,
1997; Pinna et al., 2022).

Illusions occur when the brain misinterprets senso-
ry data, distorting the perception of stimuli (Cheniaux,
2015). These phenomena span all sensory modalities,
such as auditory (Shepard tone), tactile (phantom limb),
and multisensory illusions (McGurk effect), reflecting the
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brain’s reliance on past experiences, context, and expec-
tations (Shapiro & Todorovic, 2017). They reveal mech-
anisms of top-down processing, sensory ambiguity, and
attentional biases.

Despite a rich literature, integrated studies across
psychiatry, art, neuroscience, and psychology are limited,
necessitating multidisciplinary approaches.

This paper explores the dynamic relationship between
perception and optical illusions through five intercon-
nected dimensions. First, we analyze the neurocognitive
foundations of perceptual construction, examining how
the brain interprets sensory input (Carbon, 2014; Greg-
ory, 1997). Second, we trace the historical development
of illusion studies from ancient philosophical inquiries to
contemporary neuroscientific approaches (Wade, 2006).
Third, we explore how artists have employed illusionistic
techniques such as trompe-1’ceil and anamorphosis to ma-
nipulate visual perception (FasterCapital, 2024). Fourth,
we investigate interdisciplinary connections between
neuroaesthetics, psychological research, and technolog-
ical innovations (Hutton, 2019). Finally, we examine
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clinical applications in psychiatric treatment, particular-
ly for conditions like schizophrenia and Post-traumatic
stress disorder (PTSD) (King et al., 2017). Through this
multidimensional approach, we demonstrate how illu-
sions provide crucial insights into consciousness, artistic
expression, and therapeutic interventions.

PERCEPTION AND ILLUSION

Carbon (2014) argues that human perception is not a
direct reflection of reality but a constructed process influ-
enced by various factors. Expertise improves performance
through top-down control of attention, enabling experts to
focus on relevant information based on their knowledge
and expectations. This improves interpretive accuracy,
enhancing the veridicality of cognitive representations —
that is, their correspondence to objective reality.

Gregory (1997) examines the role of knowledge in
visual perception, expanding on Hermann Helmbholtz’s
foundational theories. He argues that knowledge is cru-
cial because retinal images are inherently ambiguous,
lacking direct representation of many object properties.
Helmbholtz proposed that such ambiguities are resolved
through unconscious inductive inference, and Gregory
extends this notion, framing perceptions as predictive hy-
potheses that anticipate unobserved object attributes and
imminent events. Central to his argument is the interplay
between sensory input, prior knowledge, and the forma-
tion of perceptual reality, with perception itself function-
ing as an active, hypothesis-driven process.

An optical illusion, or visual illusion, creates a percept
that appears different from reality. Gregory’s classifica-
tion identifies two main types: physical or physiological,
and cognitive illusions, each encompassing ambiguities,
distortions, paradoxes, and fictions (Gregory, 1997).
Physical illusions arise from environmental factors, such
as a stick appearing bent in water. Physiological illusions
occur within the visual pathway, like afterimages. Cog-
nitive illusions stem from the brain’s interpretation of vi-
sual stimuli, resulting from unconscious inferences, and
include well-known examples such as the Miiller-Lyer
illusion. They can involve shape (geometrical illusions),
motion, brightness, or color. The first are extensively
documented and classified, some presented in Figure 1,
while those involving brightness and color appear more
complex (Kitaoka, 2010). These categories and subtypes
illustrate how our brain processes visual information and
sometimes misinterprets it, leading to various perceptual
anomalies.

Gregory’s research highlights the critical need to ex-
amine sensory perception mechanisms, particularly how

their inherent processes can generate perceptual inaccura-
cies and distortions (Gregory, 1997). This author also dis-
cusses “bottom-up” processing (sensory data) and “top-
down” processing (prior knowledge and expectations),
describing perception as a projection of brain hypotheses
onto the world, which may or may not match physical
reality. Qualia, or subjective experiences like redness or
pain, are fundamental to conscious experience and help
distinguish the present from memories and imagination.
They are linked to real-time sensory inputs and are cru-
cial for appropriate behavior and survival. Typically, per-
ception involves both real-time data and inferences from
past knowledge. Exceptions where qualia blur reality and
imagination, such as vivid memories, emotional memo-
ries, dreams, and hallucinations, highlight their role in
identifying the present moment.

Building on this understanding of perception, Cham-
berlain et al. (2019) confirm that artists typically draw
better than non-artists. Understanding the perceptual pro-
cesses behind these differences is complex. Their results
suggest that art students outperform non-art students in
drawing tasks and some visual-spatial tasks, indicating
their expertise lies in the top-down control of attention-
al processing rather than in low-level visual processing.
This aligns with Carbon’s (2014) findings on the role of
top-down processing and prior experience in perception,
proposing that artists’ superior drawing skills stem from
their heightened attentional control and experience-driv-
en interpretation of visual stimuli.

Visual illusions have long been understood as reveal-
ing a fundamental dissociation between physical reality
and perceptual experience. They emerge when there is a
measurable discrepancy between the objective properties
of a stimulus (geometric/physical domain) and its subjec-
tive interpretation (phenomenal domain). These system-
atic perceptual distortions provide critical insights into
visual processing, making illusions indispensable tools
for vision science. While some theorists view illusions as
errors of perception, others argue they reveal the brain’s
adaptive strategies for interpreting ambiguous sensory
data (Pinna et al., 2022). This ongoing debate under-
scores how illusions continue to challenge and refine our
understanding of the complex, hypothesis-driven nature
of visual perception.

Pinna et al. (2022) present a compelling argument
that visual illusions are not mere perceptual anomalies,
but rather fundamental manifestations of normal visu-
al processing. Their research demonstrates how Gestalt
principles — particularly those of grouping, closure, and
continuity — systematically generate robust visual illu-
sions. The authors propose an evolutionary perspective,
suggesting these illusory phenomena serve adaptive
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Figure 1: Unraveling Visual Perception: Exploring Ten Optical Illusions with Images from Wikipedia. The
Poggendorft illusion (1862) presents the misperception of a diagonal line obscured by a rectangle, leading to an apparent
misalignment when it re-emerges. This phenomenon occurs due to the brain’s interpretation of angles and surrounding
shapes. Similarly, the Zollner illusion (1862) involves parallel lines that seem to diverge or converge when intersected by
short diagonal lines, a result of the brain interpreting these as perspective cues. In the Delboeuf illusion (1865), a circle
surrounded by an annulus appears larger or smaller depending on the annulus’s size, highlighting the brain’s reliance on
relative size cues. The Miiller-Lyer illusion (1889) features two equal lines with opposite-facing arrowheads that appear
different in length due to depth and perspective cues. The Ebbinghaus, or Titchener illusion (1902), demonstrates how
identical circles surrounded by different-sized circles seem to vary in size, showing the impact of surrounding context. The
irradiation illusion (named by Helmholtz, 1867) makes bright areas appear to expand into darker ones, caused by retinal
light processing. The Ponzo illusion (1911) involves horizontal lines of equal length over converging lines, where the
upper line appears longer due to perspective. The Hering illusion (1861) shows parallel lines appearing bowed outward
against radial lines due to perspective cues. The Shepard tabletop illusion (1990) features identical tables appearing
different in size due to the brain’s interpretation of angles and perspective. Lastly, the Oppel-Kundt illusion depicts a
filled line segment (with discrete or continuous elements) that appears longer than an unfilled segment of the same length.

biological functions, including predator-prey camouflage
and intraspecies social communication. Furthermore, the
study introduces the novel concept of “illusoriness” as a
perceptual quality that actively enhances environmental
awareness and facilitates rapid decision-making. These
findings position illusions as essential elements of con-
scious visual perception, revealing the dynamic integra-
tion of sensory input with cognitive interpretation pro-
cesses.

[llusions arise from misinterpretations of sensory in-
put, highlighting the brain’s tendency to distort. These
misinterpretations can be either common experiences or
abnormal symptoms. Illusions can be categorized based
on their characteristics and effects on perception: inatten-
tive illusions occur when attention is not fully focused
on the stimulus, leading to misinterpretations of sensory
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information; catathymic illusions involve distortions in
perception due to emotional or psychological factors, al-
tering the interpretation of sensory stimuli; and oneiric
illusions resemble dreams or hallucinations, where reality
and imagination blend, creating vivid and sometimes sur-
real experiences. These classifications demonstrate the
various ways illusions can manifest and impact human
perception (Cheniaux, 2015).

Psychiatric-related illusions can occur during anxiety
or fear, leading to misperceptions projected onto external
objects. The difference between illusions and hallucina-
tions is based on whether a distorted object or stimulus
is present (illusion) or absent (hallucination). In schizo-
phrenia, auditory hallucinations are more common, while
visual illusions and hallucinations are rare. Visual illu-
sions and hallucinations are more prevalent in delirium
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and under the influence of hallucinogens like LSD. Visu-
al perception involves complex processes, and studying
them in isolation aids in understanding neural abnormal-
ities (King et al., 2017). However, it is essential to exam-
ine how top-down and bottom-up processes interact and
contribute to perception. Experience influences perceptu-
al experiences, so vision research in schizophrenia should
consider experiential modulation and use ecologically
valid stimuli to appreciate the visual system as a whole.

The Rorschach test exemplifies the interplay between
top-down and bottom-up processing in perception by
examining how individuals interpret ambiguous stim-
uli. Developed by Hermann Rorschach (1884—1922), it
invites observers to resolve perceptual ambiguities, re-
vealing unconscious mental models, emotions, and bias-
es (Andronikof, 2023). Like optical illusions, Rorschach
inkblots engage both sensory input and prior knowledge,
exposing how the brain constructs subjective reality.

Rorschach’s pioneering insights anticipated themes
now central to cognitive neuroscience, including percep-
tual conflict, the function of mirror neurons, and the in-
tegration of memory, emotion, and kinesthetic awareness.
His method also highlights pareidolia, the brain’s tenden-
cy to find meaningful patterns in ambiguous forms.

Clinically, the Rorschach test historically served as a
tool for detecting thought disorders and perceptual anom-
alies, especially in schizophrenia assessment. While mod-
ern psychiatry favors standardized diagnostics, the test
endures in select contexts, offering complementary per-
spectives on how emotion, cognition, and neural process-
es shape perception and interpretation (Andronikof, 2023).

In essence, the study of perception and illusion un-
veils human cognition and consciousness complexities,
deepening our understanding of reality construction and
sensory navigation.

Understanding the basic principles of perception and
illusion sets the stage for a deeper exploration of optical
illusions, where we examine the specific ways in which
visual stimuli can deceive the brain.

OPTICAL ILLUSIONS

Visual perception, a complex process essential to
understanding our world, begins with the brain decod-
ing light information received through the eye’s optical
system. This process not only helps us perceive our sur-
roundings but also showcases the profound cognitive ca-
pabilities and consciousness inherent in humans.

[lusions, as discussed in The Oxford Compendium
of Visual Illusions by Shapiro and Todorovi¢ (2017),
highlight the limitations and complexities of human

perception. While we experience the world as real and
coherent, our perception is constrained by our sensory
organs.

Artists like Salvador Dali use illusions to challenge
our perception of reality. Techniques like anamorphosis
and multiple images in Dali’s artworks provoke viewers
to question the stability and reliability of their visual in-
terpretations (Martinez-Conde et al., 2015). His works
transcend artistic expression, probing into the nature of
perception itself.

In neuroscience, illusions are tools for studying per-
ception mechanisms. By presenting visual stimuli that
trick the brain, researchers uncover the processes in-
volved in visual cognition. These studies deepen our un-
derstanding of how the brain constructs reality and shed
light on disorders where perception deviates from reality,
such as hallucinations in psychiatric disorders (Notre-
dame et al., 2014).

The exploration of perception, illusion, and hallucina-
tion reveals the nuanced workings of the mind and senses.
Veridical perception, which accurately represents external
reality, contrasts with hallucinations that arise internally
without corresponding external stimuli. This distinction
highlights the balance between sensory input and cogni-
tive interpretation (Notredame et al., 2014).

[llusions also play a role in therapeutic practices like
art therapy, where they stimulate emotional responses and
facilitate introspection, promoting psychological well-be-
ing through creative expression (Breda, 2024). Advances
in digital media have opened new avenues for creating
illusions that challenge traditional notions of perception
(Breda, 2024).

Makowski et al. (2023) investigated sensitivity to vi-
sual illusions, correlating it with personality traits. Using
Pyllusion software, they generated 10 classic illusions
and measured participants’ errors and response times.
They found a general factor underlying sensitivity to illu-
sions (Factor 1), associated with traits like Agreeableness
and Honesty-Humility, and negatively with traits such as
Psychoticism and Antagonism. These findings suggest
that illusion sensitivity is linked to high-level cognitive
mechanisms and personality traits.

Interdisciplinary collaboration plays a pivotal role in
deciphering the multifaceted nature of human perception.
By synthesizing perspectives from psychology, neurosci-
ence, and artistic practice, scholars develop comprehen-
sive frameworks that account for perception’s biological
foundations, psychological dimensions, and cultural in-
fluences. These integrative methodologies not only ad-
vance theoretical understanding but also enhance clinical
applications while propelling innovative research into
cognition and conscious experience (Breda, 2024).
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Pinna et al. (2022) explored Gestalt psychology’s
principles and visual illusions, showing how principles
like proximity and similarity influence the perception of
shapes and patterns. Their research reveals the mecha-
nisms that govern visual cognition.

Ninio (2014) reviews geometrical illusions, empha-
sizing a comprehensive approach and the importance of
historical context. He discusses classical illusions like
Miiller-Lyer, Poggendorff, and Zdllner, and lesser-known
ones by Vicario, Gerbino, Pinna, and Bressanelli. Nin-
io also proposes a “cartographic” framework for under-
standing geometric illusions, including principles like
convexity bias and orthogonal expansion.

Perceptual illusions, arising from biological predispo-
sitions, psychological processes, and cultural influences,
highlight the brain’s ability to interpret ambiguous senso-
ry data. Optical illusions manipulate visual information,
revealing the brain’s susceptibility to patterns, colors, and
spatial arrangements (Cucca et al., 2023).

Bach and Poloschek (2006) explore the motivations
behind studying optical illusions. While the playful cu-
riosity of scientists plays a part, illusions have practical
implications, such as influencing referee judgments in
sports due to effects like the ‘flash lag effect.” Profession-
ally, optical illusions are crucial as they reflect adapta-
tions of our visual system to standard viewing conditions,
which are hardwired into our brains and can lead to mis-
interpretations of visual scenes, revealing mechanisms of
perception. Moreover, illusions hold clinical relevance,
as demonstrated in this paper’s dedicated analysis of
their role in neuropsychological and perceptual disorders.
These findings underscore their utility in diagnosing and
understanding atypical sensory processing.

Optical illusions reveal the sophisticated processes
behind human perception, bridging theoretical inquiry
and real-world applications. As research unravels how
the brain interprets — and misinterprets — visual input, in-
terdisciplinary efforts will continue to deepen our grasp
of perception’s role in defining reality.

To fully appreciate the complexity of optical illusions,
it is essential to consider their historical context, tracing
the evolution of our understanding from ancient times to
the present day.

HISTORICAL PERSPECTIVE ON
PERCEPTION AND ILLUSIONS

The history of illusions study spans millennia, reflect-
ing the interplay of philosophical, religious, artistic, and
scientific paradigms (Telles-Correia et al., 2015). Derived
from Cicero’s Latin illusio (deception), the term “illusion”
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has been variously defined. Ancient thinkers, such as Pla-
to in his Allegory of the Cave, laid the foundation by dis-
tinguishing the illusory world of appearances from the
realm of ideal forms (Wade, 2006).

During the Renaissance, a pivotal shift occurred as
artists like Brunelleschi and Leonardo da Vinci deepened
the understanding of visual perception through innova-
tions in linear perspective and detailed anatomical stud-
ies (Wade, 2006). This period marked the beginning of
a more structured exploration of how illusions intersect
with human perception.

In the modern era, art and science converged, with fig-
ures like Helmholtz elucidating the mechanisms behind
optical illusions and Gestalt psychology emphasizing
holistic approaches to perception (Ninio, 2014). Optical
illusions studies emerged across centuries, advancing
the study of human cognition and visual processing. In
a similar vein, artistic approaches such as chiaroscuro
force spectators to face and decipher visual ambiguities.
Chernychuk and Bazylevych (2017) further examine this
connection by charting the development of illusions from
ancient Pompeii to present 3D art.

Building upon this rich historical foundation, con-
temporary art and science have continued to explore and
expand the boundaries of visual illusions, revealing their
profound impact on perception and cognition.

THE ART AND SCIENCE
OF VISUAL ILLUSIONS

While artistic techniques and optical illusions both en-
gage in the manipulation of visual perception, they serve
fundamentally different purposes within their respective
domains. The comprehensive study I/lusion Ombres:
L’art illusoire de la tromperie (FasterCapital, 2024) of-
fers a multidimensional analysis of illusion art, tracing
its historical evolution from ancient techniques to con-
temporary digital applications. The work systematically
investigates the psychological mechanisms underlying
perceptual deception, including the cognitive processing
of shadows, visual ambiguities, and spatial distortions.

Through its examination of diverse media — from tra-
ditional painting and cinema to street performances and
immersive installations — the study reveals how illusion
art operates at the intersection of aesthetic innovation and
cognitive science. The analysis particularly emphasizes
how these deceptive techniques not only demonstrate the
malleability of human perception but also challenge our
conventional understanding of visual reality. By blending
historical context with psychological insights, the text
provides a nuanced framework for understanding illusion



Marleide de Mota Gomes, Elie Cheniaux & Antonio Egidio Nardi: The illusory visual spectrum: Perception,

neuroscience, and art

Psychiatria Danubina, 2025; Vol. 37, No. 4, pp 430-439

art’s enduring cultural significance and its capacity to re-
define our experience of the visible world.

Artistic techniques encompass deliberate methodolo-
gies employed by artists to achieve specific visual effects
and convey their artistic visions. These techniques strive
to engender realism, evoke emotion and narrative, and en-
hance aesthetic allure. For instance, linear perspective fa-
cilitates the creation of depth on a two-dimensional plane
by converging parallel lines toward a distant vanishing
point. Conversely, chiaroscuro employs stark contrasts
between light and shadow to evoke emotion dramatically.
Trompe-1’ceil, another technique, engenders the illusion
of three-dimensional space on flat surfaces, captivating
viewers with its lifelike quality.

Indeed, many renowned artists have explored optical
illusions in their works, such as Salvador Dali, who ex-
plored surrealism and visual distortions in his paintings.
Besides, Op art is a style that uses optical illusions to cre-
ate movement or hidden images.

While artistic techniques are consciously employed to
create art and evoke particular responses from audienc-
es, perceptual illusions arise naturally or are intentionally
crafted to scrutinize perception. Artistic techniques aim
to create, communicate, and embellish, while perceptual
illusions strive to reveal, elucidate, and probe the cogni-
tive processes underpinning visual perception. In essence,
while both artistic techniques and perceptual illusions
manipulate visual perception, they do so with divergent
objectives and within distinct contexts, enriching our
comprehension of art and the human psyche.

This section scrutinizes ten distinct illusions in visual
arts, examining iconic exemplars and the techniques em-
ployed to achieve them (Figure 2). Linear perspective, as
showcased in Leonardo da Vinci’s The Last Supper, cre-
ates the illusion of depth by converging parallel lines to-
ward a vanishing point. Aerial perspective, exemplified by
Claude Monet’s The Thames below Westminster, imparts
depth by simulating atmospheric effects on distant ob-
jects. Trompe-1’ceil, epitomized by Andrea Pozzo’s fres-
coes at the Church of Sant’Ignazio in Rome, engenders
architectural illusions that deceive the eye into perceiving
three-dimensional space on a flat surface. Sfumato, as
exemplified in Leonardo da Vinci’s Mona Lisa, involves
seamlessly blending colors to eliminate harsh outlines
and evoke a soft, smoky effect. Chiaroscuro, exempli-
fied by Peter Paul Rubens’s The Elevation of the Cross,
employs stark contrasts between light and dark to impart
volume and three-dimensional form. Foreshortening, de-
picted in Andrea Mantegna’s The Lamentation over the
Dead Christ, portrays objects or figures in perspective,
creating a strikingly realistic perspective. Anamorphosis,
as seen in Hans Holbein the Younger’s The Ambassadors,

presents distorted images that resolve into recognizable
forms from specific angles. Tenebrism, exemplified in
Jusepe de Ribera’s Martyrdom of St Andrew, employs ex-
treme contrasts between light and dark to intensify emo-
tional impact. Grisaille, depicted in Pieter Bruegel the
Elder’s Christ and the Woman Taken in Adultery, utilizes
shades of gray to mimic sculpture and focus attention on
narrative content. Reflections and transparencies, exem-
plified in Jan van Eyck’s The Arnolfini Portrait, enhance
realism through detailed depiction of reflective surfaces.

These techniques, showcased by master artists, under-
score the potency of visual illusions in crafting immersive
and compelling artworks. The exploration of illusions in
visual arts illuminates the ingenuity and creativity of art-
ists in manipulating perception, inviting viewers to en-
gage with the rich tapestry of visual storytelling.

INTERDISCIPLINARY INSIGHTS

Exploring interdisciplinary connections in art and
perception reveals intricate relationships. Hutton (2019)
examines how aesthetic engagement intertwines with
neuroscience and societal contexts, emphasizing active
expression influenced by cultural and political factors.
Drawing parallels with quantum physics, it highlights the
role of observers in shaping outcomes.

Neuroaesthetics investigates how the brain perceives
art, aiming to uncover universal principles while grap-
pling with challenges like oversimplification and cultural
neglect by overlooking biographical and sociopolitical
contexts. This interdisciplinary field bridges aesthetic
philosophy (from Kantian theory to modern neurosci-
ence) while critically examining its capacity to capture
the full complexity of both perceptual cognition and
artistic experience. Aesthetic engagement encompasses
both active perception and the Default Mode Network
(DMN), a brain network active during rest and self-ref-
erential thinking. The DMN’s involvement suggests that
personal preferences in art appreciation are intertwined
with broader cultural and political implications (Hutton,
2019), and this network is active during both perception
and imagination, suggesting a close link between these
two cognitive processes (Yeshurun et al., 2021).

Research on the DMN suggests self-referential pro-
cessing in aesthetic engagement, raising concerns about
societal implications such as capitalism’s influence on
artistic value. Critiquing neuroscience’s ethical and polit-
ical dimensions, it warns against reducing human subjec-
tivity and misusing brain science (Hutton, 2019).

Pepperell (2011) examines how visual indeterminacy,
characterized by the ambiguity and multiple interpretative
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Figure 2: Masterpieces of Visual Illusion: Artistic Techniques Across Art History. Paintings sourced from
Wikipedia, featuring some iconic artworks employing visual illusion techniques. Linear Perspective in “The
Last Supper” by Leonardo da Vinci (1495-1498) creates the illusion of depth with a single vanishing point at
Christ’s head, guiding the viewer’s eye and enhancing spatial realism. Aerial Perspective in “The Thames below
Westminster” by Claude Monet (1871) uses lighter, cooler colors and less detail for distant objects, mimicking
atmospheric effects to create depth. Trompe-1’ceil in the frescoes at the Church of Sant’Ignazio in Rome by Andrea
Pozzo (1685-1694) employs realistic imagery to create the illusion of three-dimensional architectural elements and
figures. Sfumato in “Mona Lisa” by Leonardo da Vinci (1503-1506) blends colors and tones seamlessly, creating
lifelike transitions between light and shadow. Chiaroscuro in “The Elevation of the Cross” by Peter Paul Rubens
(1610-1611) uses strong contrasts between light and dark to achieve volume and dimensionality, heightening the
drama. Foreshortening in “The Lamentation over the Dead Christ” by Andrea Mantegna (c. 1490) depicts a Figure in
perspective, creating a realistic sense of depth. Anamorphosis in “The Ambassadors” by Hans Holbein the Younger
(1533) distorts a projection that reconstitutes when viewed from a specific angle. Tenebrism in “Martyrdom of
St Andrew” by Jusepe de Ribera (1628) uses extreme contrasts of light and dark to focus on illuminated figures,
adding depth and drama. Grisaille in “Christ and the Woman Taken in Adultery” by Pieter Bruegel the Elder (1565)
employs shades of grey to imitate sculptural relief. Reflections and Transparencies in “The Arnolfini Portrait” by
Jan van Eyck (1434) masterfully capture light and transparency, with a mirror reflecting the couple and the room,
adding depth and a secondary viewpoint.

possibilities in visual perception, influences both art and
neuroscience. He argues for interdisciplinary collabora-
tion to reveal deeper insights into creative processes, per-
ception mechanisms, and brain function. Despite recog-
nizing the challenges involved, Pepperell underscores the
importance of fostering mutual understanding between
artists and scientists in order to advance knowledge in
these intertwined domains.

Van Leeuwen et al. (2022) delve into neuroaesthet-
ics and the social brain connectome, proposing a com-
prehensive framework that integrates social context into
aesthetic studies. They highlight neuroscience’s potential
in mental health and advocate for interdisciplinary ap-
proaches to investigate art’s materiality and experiential
dimensions.

Cattaneo (2020) reviews the use of non-invasive brain
stimulation techniques in neuroaesthetics, focusing on

436

how these methods, like transcranial magnetic stimula-
tion and transcranial direct current stimulation, reveal the
brain regions influencing aesthetic appreciation of faces,
bodies, and artworks. The review highlights studies tar-
geting visual processing pathways and socio-cognitive ar-
eas, discussing their role in shaping aesthetic judgments.
It concludes by considering methodological challenges
and the potential for these techniques to deepen our un-
derstanding of the neural basis of visual aesthetic experi-
ences. Pennartz et al. (2023) challenge traditional views
of the visual cortex, proposing an extended visual system
involving multiple brain regions in visual perception.

In conclusion, interdisciplinary insights between
neuroscience, psychology, and technology enrich our
understanding of art, perception, and human experience.
Bridging these disciplines fosters innovative approaches
to creativity, therapy, and immersive storytelling.
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CLINICAL APPLICATIONS
OF PERCEPTUAL ILLUSIONS
IN PSYCHIATRIC CARE

The study of optical illusions offers valuable insights
into how the brain interprets visual stimuli and constructs
internal representations of reality (Bach & Poloschek,
2006). These perceptual phenomena play significant
roles in various clinical conditions, including organic
psychoses, epileptic aura, migraine, and Charles Bonnet
syndrome, in which patients experience complex visual
hallucinations.

As noted in Section “Perception and illusion”, illu-
sions in schizophrenia reflect disrupted sensory integra-
tion (King et al., 2017). Here, we extend this to thera-
peutic interventions. In the context of schizophrenia,
investigating visual illusions proves particularly infor-
mative for understanding the disorder’s underlying per-
ceptual organization. Individuals with schizophrenia typ-
ically exhibit disruptions in both high-level and low-level
integration mechanisms, leading to reduced susceptibility
to complex visual illusions and alterations in basic sen-
sory processing (Notredame et al., 2014). These findings
suggest impaired communication between different cog-
nitive processing levels, with important clinical implica-
tions. This knowledge has informed the development of
treatment strategies such as cognitive remediation pro-
grams specifically targeting perceptual and integrative
deficits (King et al., 2017).

Visual impairments associated with schizophrenia
often stem from damage to retinal ganglion cells, along
with dysfunction in magnocellular and parvocellular
pathways, contributing to fragmented visual perception
and diminished contrast sensitivity. More than 60% of
individuals with schizophrenia experience perceptual ab-
normalities, which are linked to the worsening of nega-
tive symptoms and heightened risk for psychosis. In early
stages of the illness, visual distortions and hallucinations
are frequently observed, which tend to improve with an-
tipsychotic treatment and are associated with structural
and functional brain changes (Juri$i¢ et al., 2020).

Illusions also contribute to our understanding of per-
ceptual disturbances in PTSD, a condition frequently
marked by perceptual distortions and, at times, hallucina-
tions. Recent studies by Harricharan et al. (2021) suggest
that trauma-related alterations in sensory processing can
significantly affect higher-order cognitive functions such
as emotional regulation, attentional control, and social
cognition. These findings underscore the importance of
incorporating sensory processing assessments into clin-
ical management plans and promoting integrative mind—
body interventions in PTSD treatment.

Beyond their relevance to psychopathology, illu-
sions offer valuable perspectives on the neural basis of
consciousness and its relationship to subjective experi-
ence. Perrotta (2021) conceptualizes consciousness as a
dynamic state of alertness and awareness, susceptible to
disruption by various physiological and psychological
factors. Understanding how perceptual illusions mod-
ulate conscious experience can thus shed light on both
everyday cognitive fluctuations and severe disturbances
seen in psychotic and dissociative states.

The appreciation of visual art, intrinsically linked
to perceptual processing, has also been shown to yield
cognitive and neural benefits. Engaging with art activates
brain regions involved in evaluative judgment, attentional
modulation, memory retrieval, and emotional processing.
Artworks that resonate with personal identity and mean-
ing can evoke profound emotional responses, improve
problem-solving abilities, and enhance attention to detail.
Consequently, aesthetic experiences stimulate diverse
neural pathways, offering a powerful tool for psycholog-
ical enrichment and personal fulfillment (Agius, 2018).

Supporting this, Du et al. (2023) demonstrated that
visual art therapy effectively alleviates both positive and
negative symptoms, as well as depression and anxiety,
in individuals with schizophrenia. When used alongside
pharmacological treatments, art therapy — especially
when provided in sustained, weekly sessions — contrib-
utes to significant improvements, notably in positive
symptoms. Additionally, it appears particularly beneficial
for reducing negative symptoms and anxiety in female
patients, highlighting its potential as a complementary
intervention in psychiatric care.

An increasingly promising development in this field
is the use of Virtual reality (VR) as a therapeutic tool in
clinical psychiatry. VR technology enables the creation
of controlled perceptual environments, which can be
harnessed for exposure-based therapies in conditions
such as PTSD, phobias, and anxiety disorders. A com-
prehensive review by Park et al. (2019) confirmed the
efficacy of VR in facilitating safe, gradual confrontation
with feared stimuli while promoting emotional habitua-
tion. Furthermore, VR-based cognitive and social skills
training programs have shown encouraging results in
improving functional outcomes in patients with schizo-
phrenia, autism, and dementia by reinforcing adaptive be-
haviors in immersive, ecologically valid settings. How-
ever, VR-generated illusions can also provoke adverse
effects such as motion sickness, visual discomfort, and,
in some cases, excessive preoccupation with VIRTUAL
experiences, raising important concerns about addiction
risk and impaired reality testing in vulnerable individuals.
Despite these limitations, the capacity of VR to modulate
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perception through carefully controlled sensory stimuli
positions it as an innovative and versatile tool in psychi-
atric treatment, with future refinements in technology and
clinical guidelines likely to expand its therapeutic appli-
cations.

CONCLUSION

Visual illusions demonstrate that perception is not a
perfect mirror of reality nor a simple distortion, but rather
an active, interpretive process shaped by sensory input,
cognition, and imagination. These illusions serve as pow-
erful scientific tools: they uncover the brain’s predictive
mechanisms, challenge our assumptions about reality,
and inspire artistic innovation. Their interdisciplinary
nature — connecting neuroscience, psychology, art, and
clinical science — provides unique insights into both the
fragility and adaptability of human perception.

Future progress in this field will depend on collabo-
rative research across disciplines, using advanced tools
such as VR, neurostimulation, and cross-cultural studies.
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