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Abstract

Geometric-optical illusions have been the subjects of research interest in a number of disciplines in science. Moreover, investiga-
tion of the patients’ reactions to illusory configurations has been somewhat instrumental in the understanding of impaired neuro-
cognitive processes underlying some of the neurological and/or psychiatric disorders. Recently, neuroscientists have made some
progress in understanding the neural underpinning of the geometric-optical illusions. However, a closer collaboration between
psychology and neuroscience may lead to a better understanding of not only the neural basis of the illusions but the function of
the brain in general. The purpose of the present analysis is to outline a sound epistemological ground for such a relationship and
to demonstrate how psychological theories may potentially play a guiding role in the context of scientific discoveries in the neuro-
science of illusory phenomena. In order to do so, two concepts of the “many-one” relationship between the mental and the neural
states and “context-sensitivity” will be described with regard to the possible relationships between perception and brain in the con-
text of research on illusions. In addition, the implications of the top-down strategy for research in Psychiatry will be explained and

the strategy will be discussed as a path towards the unification of scientific explanations.
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1. Introduction

Geometric-optical illusions are distorted perceptual
representations of some geometrical configurations (1-3).
Such illusions have been the subjects of interest in disci-
plines such as philosophy, psychology, computer science,
Neuroscience and related fields (1, 4-8). In addition, the
investigation of illusions has partly turned into a tool for
understanding the neuro-cognitive impairments in some
neurological and/or psychiatric conditions (8-12). How
close this understanding would approximate the truth
partly depends on how accurate our theoretical formu-
lation of the perceptual processes underlying illusions is
and to what extent these processes correspond to the neu-
ral realizers of the illusions.

Apart from philosophical debates over reducibility of
theories (13-15), scientifically, it is always important to ex-
amine how theoretical frameworks in one discipline of sci-
ence may provide insights for scientific discoveries in an-
other discipline (16). Although there is such a relation-
ship between psychology and neuroscience (17), it has not
been fully developed in some of the interesting subfields
of investigation such as that of geometric-optical illu-
sions. Recently, neuroscientists have made some progress

in the investigation of the neural basis of illusions (18-20)
but a closer collaboration between Psychology and Neuro-
science is a step towards unification of scientific explana-
tions(21) and lead to a better understanding of not only the
neural basis of the illusions but the function of the brain in
general.

Such a connection has been discussed in the context of
bottom-up versus top-down approach to the investigation
of avariety of perceptual and cognitive phenomena (16, 17,
22). According to a bottom-up strategy, the overall brain
function is extracted from small scale findings of neural
organization. The main thesis is that understanding the
organization of the brain contributes to our understand-
ing of psychological functions (23). On the other hand, the
notion that psychological theories contribute to our un-
derstanding of brain functions (17, 23) supports a top-down
strategy of research in neuroscience. In line with the latter
notion, the importance of psychological units in formulat-
ing psychological theories as well as in describing the neu-
ral underpinning of psychological phenomena has been
extensively discussed by Julesz and Schumer (24) and oth-
ers (17, 23). In addition, such a top-down strategy resonate
well with Marr’s (25) influential proposal that the study of
vision begins with the theoretical formulation of percep-
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tion and thus moves beyond only studying neurons. The
opposite view has been advocated by others who supporta
bottom-up strategy in research (22, 26).

Although the debates have been passionately contin-
ued over the years, no agreements have been reached on a
preferable strategy in a given context yet. However, in real-
ity the adoption of a top-down strategy seems to be uncom-
mon at least among neuroscientists who study the neural
basis of the illusions. This in part may be due to the lack
of a clear epistemological ground for the application of
such a strategy to the investigation of geometric-optical il-
lusions. The objective of the present analysis is to provide a
sound epistemological ground for the investigation of the
neural basis of the illusions via a top-down strategy of re-
search, which will clearly reemphasize the importance of
Marr’s proposal. It will be demonstrated how psychologi-
cal theories of illusions may outline new sets of variables
for research in Neuroscience at the experimental level. Fi-
nally, the application of such a strategy will be explained
with respect to the investigation of neuro-cognitive im-
pairments in some psychiatric disorders and the implica-
tions of stronger connection between Psychology and Neu-
roscience will be discussed with respect to the ambitious
goal of explanatory unification in science.

2. Arguments

2.1. A Brief Look at the Theories of Geometric-Optical Illusions

According to Birren (27) psychologists began studying
geometric-optical illusions in nineteenth century. How-
ever, originated in some of the previous theories, a very im-
portant era for the theoretical formulation of illusions be-
gan around 1960s leading to the development of very in-
teresting theories later during the past and present cen-
turies. Some of such theories are formulated based on the
role of 2D cues in illusory configurations, explaining some
illusions and leaving others unexplained. For example, the
Muller-Lyer and Titchener illusions were two well-known
illusions that were never explained within the same com-
putational framework until recently (28).

Among the most influential theories some were suc-
cessful in explaining the Muller-Lyer and some in explain-
ing the Titchener illusions but there were no theories to
explain both illusions based on the same principle. For
instance, according to assimilation theory the Muller-Lyer
illusion occurs because the horizontal line with the out-
ward arrowheads tends to perceptually expand towards
the longer contextual stimuli and the horizontal line with
the inward arrowheads tends to perceptually contract in
the direction of the shorter contextual stimuli (Figure 1).
However, application of such averaging process was not
successful in explaining the Titchener illusion (29, 30).

Nevertheless, a recent theory has provided a unified
explanation for both illusions. According to Nemati (28),
the interaction between two distinct variables of size con-
trastand empty space in the background of the target stim-
ulus can predict both the Muller-Lyer and Titchener (and
some others) illusions based on the same computational
processes. The theory proposes that while the size of empty
space interacts with the magnitude of size contrast to de-
termine the final magnitude of illusions, it also plays a key
role in providing an orientation signal for the application
of computation by the perceptual system (Figure 2A and
2B).

There are other theories that have been formulated
based on other perceptual processes to explain some il-
lusions (cf 28, 32-36) for more detailed description of the
theories). The main question of the present analysis is
whether perceptual principles derived from these theories
can guide researchers to the discovery of a common neu-
ral mechanism for the realization of such perceptual phe-
nomenaz2 (3135). In the following sections, it will be ex-
plained how a top-down strategy of research may lead to
such a success in studying illusions in human population.

2.2. Bottom-up vs. Top-down Approach

From empirical point of view, it is obvious today that
our knowledge about visual areas of the brain can enhance
our ability to predict illusory experiences (36). However,
two arguments will be presented in the following sections
that support the role of a top-down strategy in identify-
ing the common neural processes inferred from percep-
tual principles proposed by psychological theories of illu-
sions:

Argument 2.2.1: the concept of context-sensitivity indi-
cates that different parts of the brain may be involved in
the formation of a psychological state. For example, the
C-fiber activation (N) may be the core element of “pain”
perception (M) but other parts of the brain (N1, N2 ...)
may be active at the same time and perhaps contribute
to the perception of the “pain” (37, 38). The concept of
context-sensitivity is consistent with the recent support-
ing evidence based on MEG recordings (19). It has been
demonstrated that spatio-temporal activity pattern of cer-
tain brain areas is correlated with geometric-optical illu-
sions. Such a technology by which one can reveal the un-
folding activity of the brain areas over time in fact supports
the notion of context-sensitivity with regard to the realiza-
tion of perceptual phenomena such as geometric-optical
illusions.

Argument 2.2.2: the relationship between the mental
states and their neural realizers may follow a many-one
pattern of realization (39). Such patterns represent the
contribution of a neural state such as “N” to the realization
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Figure 1. The Muller-Lyer and Titchener Illusions

A

A, the Muller-Lyer configuration consists of two identical straight lines, which appear to be longer if connected to the outward arrowheads, or shorter if connected to the
inward arrowheads; B, according to assimilation theory such illusion is due to the expansion or contraction of horizontal straight lines to reach the size of contextual cue
represented by the dashed lines; C, However, the illusory representation of the Titchener configuration does not follow the rule described by assimilation theory. Titchener
configuration consists of two identical circles in which the one surrounded by the small circles appears to be larger in size than the one surrounded by the large circles.

of a number of different mental states such as m1, m2, m3
etc. Forexample, “N” (that can be a functional unitsuchasa
neuron or a neural circuit etc.) may contribute to the per-
ception of brightness (M) and/or to that of illusory repre-
sentations (M1, M2, ...) in two or more drastically different
geometrical configurations. The concept of many-one pat-
tern of realization is consistent with the notion that hold-
ing a one-one relationship between a functional unitin the
brain and a mental state as a general rule does not seem
to be a plausible approach to the investigation of the neu-
ral basis of illusions. In fact, considering that a functional
unit in the brain may contribute to the realization of var-
ious mental phenomena, it would be a very difficult task
to predict which mental phenomena may be realized just
by looking at the activity of a functional unit in the brain
or in fact via a bottom-up strategy of research. For exam-
ple, it would be very unlikely that a neuroscientist hypoth-
esizes that a specific neural process would mediate the il-
lusory representations of two or more configurations with
quite different geometrical features (e.g. Muller-Lyer and
Titchener or Muller-Lyer, Poggendorff and ZOlIner config-
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urations) before potential common perceptual processes
were demonstrated at the psychological level (28,32).

Thus, a bottom-up strategy imposes some limitations
on the investigation of the neural basis of various per-
ceptual and cognitive phenomena including geometric-
optical illusions (cf 24 for the application of the second
argument on subjects other than geometric-optical illu-
sions). It is important to note that diverse geometri-
cal features of various geometric-optical configurations
could deceivingly suggest the examination of different
neural processes or brain areas as potential realizers of il-
lusory representations for each configuration if a bottom-
up strategy were adopted. A top-down approach to the in-
vestigation of illusions does not impose such limitations
as it may provide an opportunity for neuroscientists to
see which neural state may satisfy the function for the re-
alization of common perceptual processes derived from
the principles of psychological (or any computational) the-
ories of illusions. Thus, equipped with such theories, it
would be much easier for a neuroscientist to discover the
neural basis of perceptual processes that mediate illusions
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Figure 2. Size and Direction of Distortion in the Muller-Lyer and Titchener Configurations

The target stimulus in the Miiller-Lyer (horizontal line) and in the Titchener (central circle) configurations is overestimated when it (and|or its whole configuration) is sur-

rounded by the larger empty space “+” and underestimated when it (and/or its whole configuration) is surrounded by the smaller empty space

wn

in such drastically different geometrical configurations.
Therefore, a reasonable approach should be based on the
notion that different brain areas may serve as a functional
unit that contributes to the formation of some phenom-
ena (e.g. geometric-optical illusions), while it may have
other functions as well. This view clearly prescribes a top-
down approach to the investigation of geometric-optical il-
lusions. A strategy that begins with the theoretical formu-
lation of perceptual principles from which experimental
variables can be derived and their correlation with the rel-
evant neural processes can be tested in various brain areas.

The neural realization of such perceptual processes po-
tentially reflected in the principles of a unifying theory is
conceivable based on the neurophysiological findings in
the past century (40). At this level, although different ge-
ometrical features of various configurations (e.g. straight
vs. curved lines etc.) may recruit distinct neural processes,
the hierarchical model proposed by Hubel and Wiesel (40)
provides a conceptual framework to understand the mech-
anism of neural integration prior to the realization of an
illusory representation from such distinct configurations.
According to this model, the convergence of cells in the vi-
sual areas of the brain is associated with the changes in
their response profile on the way up in the hierarchy. As

aresult, the cells of higher order respond to more abstract
features of the stimuli. Thus, the model can theoretically
close the gap between the neurophysiological and percep-
tual analyzers proposed by Julesz and Schumers (24). In
addition, the principles of a computational theory can be
open to the realization of an illusory representation by
the neural layers that are free from anatomical constraints
required for the representation of the configuration it-
self (31). Therefore, the illusions can be an outcome of
higher level neural activities that realize a set of compu-
tational processes. In other words, the common percep-
tual processes that are reflected in experimental variables
(i.e. empty space/contrast, oblique intersections etc.) may
mediate the formation of various illusions with distinct
geometrical features (e.g. straight line in Muller-Lyer vs.
curved line in Titchener illusions) as illustrated in Figure
3. Such an illusory perception of various geometric-optical
configurations may be mediated by higher level neural
computations in visual cortex or beyond (18).

3. Conclusions

Neuroscientists have begun interpreting their re-
search findings on the illusions based on psychological
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Figure 3. A Virtual Model of Neural Underpinnings of the Illusory Configurations vs. Illusory Representations
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Distinct sets of neurons (dots in the layer 1) may underlie the formation of geometrical representation of two illusory configurations (A and B in layer 2) however the illusory
representations of the two geometrical configurations (A and B in layer 4) may be mediated by the same set of neurons (dots in the layer 3).

principles in their recent publications (18-20). However,
the correspondence between the principles that describe
a perceptual phenomenon (e.g. illusory surfaces) and
the functions of certain types of neurons (e.g. V4) can
even guide the experimental design (41). Thus, a more
direct reference to the perceptual processes inferred from
such principles at the theoretical and experimental levels
seems to be a reasonable move in future studies.

At the theoretical level, a top-down approach help
highlighting the common perceptual processes that may
correspond to some common neural processes underlying
various illusions. At the experimental level, such percep-
tual processes can guide the researchers to define a new
set of variables that might be realized by some neural pro-
cesses. Such a strategy can lead to a more comprehensive
understanding of the relationship between brain and il-
lusions instead of correlating brain activities with more
basic geometrical features of only one illusory configu-
ration. This is reminiscence of Marr’s (25) remark about
the three levels of realization according to which he ar-
gues that only describing the behavior of so-called "grand-
mother cells"; does not help explaining vision unless more
global features of such a behavior is theoretically formu-
lated in terms of the task the brain is encountering. In fact,
we understand the brain as an entity that serves as the re-
alizer of specific functions such as learning, memory, or
transforming the sensory inputs into perceptual represen-
tations such as geometric-optical illusions each requiring
a theoretical explanation. In other words, we understand
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the brain as a theoretical entity. A view that is also consis-
tent with the assumptions underlying scientific approach
to artificial intelligence (42).

One clear application of such an approach is for the
studies that investigate the underlying mechanisms of
psychiatric disorders. For example, the investigation of
geometric-optical illusions has contributed to the un-
derstanding of brain dysfunction in disorders such as
schizophrenia or autism (8-12, 43, 44). In other words, in
order to understand the brain function in patient with
autism, we do notbenefit much from studying the reaction
of this or that area of the brain to certain illusory configu-
rations per se. The real insight comes from what we know
about the theory that is likely to explain the illusory rep-
resentations in conjunction with our previous knowledge
about the function of the brain in patients with autism (9).
Examination of a theory that defines the relationship be-
tween the brain and a phenomenon (e.g. illusions) pro-
vides an opportunity to test the picture of the brain de-
picted by the theory as an entity that realizes the phe-
nomenon instead of linking the brain areas with separate
subjective experiences most likely leading to not much
theoretical significance.

Finally, whether or not the theories that explain vari-
ous cognitive phenomena would form a coherent picture
of the brain function in the end is the big question that
remains to be answered as is the case in other sciences
such as theoretical physics. For instance, a similar ques-
tion has remained unanswered in picturing the universe
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by physicists as they look for a theory to unify the explana-
tions of natural phenomena at the macro vs. micro level in
search of a theory of everything. However, consistent with
presently dominant paradigm of science, a top-down ap-
proach to the investigation of illusions seems to put the
scientists in a better position for directing their research
in a right scientific path towards the ambitious goal of ex-
planatory unification (21).
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