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Abstract: Problem statement: The “eye-brain” complex, which contributes maxirgatb visual
perception, is no doubt a very interesting objectdomplexity study. In this review we shall try to
present some of its aspects in perceiving briglstnéisis a well-known fact that the perceived
brightness of any surface depends on the brightok#ise surfaces that surround it, a phenomenon
termed as brightness induction. Several studiegalethat brightness contrast and brightness
assimilation are two opposite phenomena in brigggtrieduction. The former can be explained through
the microscopic neural circuits that emanate frbenretinal ganglion cells and converge on to pnymar
visual cortex i.e. through a bottom-up approacmething which however fails till date to account fo
the later. In search of a unified theory of brigigs induction, a top-down approach has often been
suggested. However, the mechanism of brightnessciimh evident in several optical illusions, is not
yet understood even after 200 years of intensareehat saw George Berkeley, Maxwell, Helmholtz
and the modern Gestalt school, that include baghiritrinsic image theorists as well as the anclgorin
model theorists, following the “top-down” approadm one hand and Weber, Fechner, Mach,
succeeded by the modern contrast theorists foligwtime “bottom-up” approach on the other.
Approach: In this review, we presented a historical perspectif the evolution of human concepts
about the perception of brightness. We tried taurapthe two essential philosophical trends among
the scientists in understanding the phenomenonrightmess induction. The problems with idealist
approach as well as the limitations of the mectammaterialist approach, have been pointed ouién t
light of the facts that, nature in general and clempgystems in particular, are intrinsically didledn
nature. Results: A proposalhad been put forward that the path of dialecticatemalism is the
possible way out for the present philosophicaligri€onclusion: Lateral inhibition based contrast
theories need to be substantiated not only by #isichaw of dialectics on which it rests upon vihe
unity of opposites, but also through the incorporabf the other dialectical laws like connectiyity
quantity-quality transition and negation of the aon, so as to challenge all sorts of mysticisms i
vision science and in brightness perception dom8wme recent researches both in experimental
psychophysics as well as in mathematical modelihgt have been discussed or referred to in this
review, are showing signs of such a developmenbrter to ensure that such synthesis should be
dialectic and not eclectic, it would require idéyitig the proper mathematics towards quantitatively
representing complex phenomena, a mathematicsdhaquantify the interaction between the part and
the whole, through dialectical rules.

Key words: Visual perceptionprightness contrast, brightness assimilation, level models, high-
level models, dialectical materialism

INTRODUCTION property. Even in English the word ‘complex’ means
system made of closely connected components. Iim suc
Complex systems are intrinsically dialectic in systems the individualities of the components are
nature. The word complex stems from the Latin wordpreserved. However interactions between the
complexus, meaning ‘“twisted together”, which components generate novel behavior of the system,
emphasizes presence of more than one component thahich can never be predicted by summing up the
interact with one another to generate an emergingroperties of the individual components. The inhere
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contradiction between the independent behaviohef t Descartes (1596-1650) and empiricist Francis Bacon
parts and the mutual control of one part on theeroth (1561-1626) and also the research of Immanuel Kant
through network connectivity, gives rise to the (1724-1804) who wanted to create a compromise
emerging properties of the complex systems. There ibetween the rationalists and empiricists. Descartes
probably little debate on the above description inbased his entire approach only on the purity of
assigning the qualities of a complex system. THemtiee mathematical equations (Anderson, 2005). Algebih an
lies in arriving at a quantitative measure of caawjily. = geometry, he claimed, were all that he required in
No doubt a system will become more complex eitlyer b arriving at truth. This view was in complete
increasing the number of its components or bycontradiction to the empiricist viewpoint, whereanly
increasing the connectivity between the componentsexperimentally verified facts were used to arriie a
Disagreement lies in fitting these two factors im a objective truth. Descartes posed the supreme rble o
appropriate formula to arrive at a quantitative bem  theory (mathematics) antagonistically to that of
Without entering into such controversies, one mayexperiments and thus ended up in the idealist odonp
accept that even from a common sense view, on&hom mind is foremost and matter secondary).

system may be termed as more complex than another The most significant contribution of Fechner is th
system. If such an ordering is permitted, then case  demonstration that mind or perception is susceptibl
safely make a statement that biological systenmnfr measurement and mathematical treatment and hence
some particular perspectives, are more complex thapsychology has the potential to become a quank#iab
most of the non-biological systems. Among thescience in contrast to the doctrine of idealistotiss
biological systems, the human body and its funstion such as Immanuel Kant (Mandler and Mandler, 1964),
are extremely complex. Brain, consisting of milsoof  who believed in the impossibility of existence of
interconnected neurons, is perhaps the most compleanything called as science of psychology. Not atitly
organ among the human body. Hence the “eye-brainFechner investigate the mind-body problem, he even
complex, which contributes maximally to the visualwent on to propose an exact mathematical relation
perception, is no doubt a very interesting objemt f between them. The most famous outcome of his
complexity study. In this review we shall try toepent  inquiries is the law known as the Weber-Fechner law
some aspects of this eye-brain complex in percgivin which may be expressed as follows:

brightness. We shall present here a historical

perspective of the evolution of human concepts abou N order that the intensity of a sensation may
the human perception of brightness. increase in arithmetical progression, the
Most of the vision scientists, who in the ninetien stimulus  must increase in geometrical

century attempted to propose mathematical models fo ~ Progression”

the process of visual perception, ended up (counshio Fechners law implies that sensation is a

or uncpnsuously) as. staunch_opponents to th‘f“'ogarithmic function of physical intensity, i.e.,
materialist school. It is surprising, because thes%athematically'

scientists were sincerely engaged in trying to

understand and model the processing of information s=klogR (1)

the eye-brain system in contradiction to the other

philosophers who wanted to mystify the objectiveHere:

phenomenon of the complexity of the brain byS = Sensation

portraying a picture based on crude subjectivissthS R = The stimulus numerically estimated and
philosophers may bluntly or subtly put the minddsef k = A constant that must be separately determined b

the matter like putting cart before the horse, fout experiment in each particular order of sensibility.
vision scientists the basic premise would have heen

consider matter as primary and mind (or concept)of Unlike Descartes therefore, Fechner, despite his
as secondary. love for mathematical abstractions, remained a tevo

Let us start our journey from the earlier reseanch experimental psychologist and yet, curiously enqugh
human understanding about the mechanism of humaspomehow managed to end up in the same idealist.camp
perception of brightness. We begin with the seminallhis actually resulted from his vacillation in cduming
study of Gustav Theodor Fechner (1801-1887), théhat Ris primary and hence is body in the mind-body
founder of the discipline of psychophysics (Dember,problem, thus surrendering to the more veiled braind
1964). The philosophical background of Fechner wasgdealism viz., dualism of mind and matter. This
imprinted with the controversies between rationalis vacillation of Fechner existed in spite of the fiuat
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the Weber-Fechner law had been found to be Mach’'s modelis a brilliant example of generating
immensely useful within significant limits, like fo successful mathematical model on the basis of
example the logarithmic compression of intensityele  empirical data. His experimental observations like
in the photoreceptor layers of our visual systemfact  Mach Band could also be explained with this model.
Fechner actually continued the good research of E.HHowever, Mach too gradually got drifted from thetpa
Weber (1795-1878) who stated: of scientific materialism to a pseudo-scientifieadist
philosophy like empirio-criticism. The schools of
“The ratio of the increment threshold to the =~ Weber, Fechner and Mach were pioneer in proposing

background intensity is a constant” new mathematical model of visual perception based
upon psychophysical and neurophysiological
So mathematically: experimental observations. They believed in
structuralism, based their model on experimental
Al observations but curiously deviated towards thp o
T°°¢ (@) idealism.

All this while, alongside the presence of
This ratio is often termed as the Weber fraction structuralism in visual perception and its deviatioto

Weber and Fechner were both highly ac:complishedihe rea!ms of idealism, t_here had 'Of_‘g been an

experimental psychologists and should have beewformatlon-or knowledge-dnven_constructlwst thoybt

strong opponents of Descartes’ views on the sumposd®/0CesS propagated by the likes of James Clerk
. Maxwell (1831-1879) and Herman von Helmholtz

supremacy of purity of thought. They actually bejed b Imhol the

to the data-driven information processing approath (1821-1894) (Dember, 1964). Helmholtz argues that t

the structuralist school where experiments and datgata provgjeg by our SENses .a:ce madequatﬁ_ ?]nd é’;\dre
were used as the primary sources in arriving ahtru augmente Yy unconscious inierences, which a
Moreover, it was their ability to abstract out Meaning to sensory data. He assumes these inference

mathematical laws from such experiments that enable!© be unconscious because we typically have no

them to dissociate themselves from the absolutiém cAWareness that we are making such inferences while

reductionist approach, i.e., mechanical materialisnP€’C€IVing. According to this constructivist apprha
(what Fechner called ‘the night view'). Howevertla¢  PETCePtion is not directly given by stimulus inphgt
same time, their aptitude in performing mathemiaticao;:cu[]S as the end(-jprod_uct |°f the |3teractlv_e g |
abstraction trapped them within the absolutism oiﬁ the Ppresented  stimu uds kan | é:ertam mtel{na
Descartian thought process where equation (macas) w 'YPOINesIs, expectation and knowledge, as well as

considered as almighty and physical reality (mice) motlve_ltlonal anq emotlo_nal factors. It is (.)bwommtt.
its mere follower. such incorporation of mind and emotion in analyzing

Fechner was indeed the forerunner of Ernst Macﬁhe empirical observations clearly dilutes the vieagis

(1838-1916), another brilliant experimental physticin of science, namely the objectivity of experimerits.

the domain of vision and perception. Mach, whoesyv spite of that_ the constructivist ap_proach was very
relevant to our present discussion, proposed Qopular and its flavor has not yet died down. Eiren

mathematical model of visual perception from rdtina recent times It I echoed by G_regory (1973), wiaines
images (Ratliff, 1965). He stated: that perceptions are constructions

“Let us call the intensity of illumination u on a
uniform mat plane whene=f(x,y). Thus, the
brightness sensationof the corresponding retinal point
is given by:

“From floating, fragmentary scraps of data
signaled by senses and drawn from the
memory banks, themselves constructions from
the snippets of the past”

v=u-m(@u/d¥ +d u/dy 3) or in more recent times by Chalmers (1996), who
introduces the concept of snippets of consciousoess

where, m is a constant. If the expression in briaclke qualia. In spite of some definite positive aspects
positive, then the sensation of brightness is reduin ~ @ssociated with the idea of perception as an act of
the opposite case, it is increased. Thuss not only — unconscious inferenceand likelihood principle as

influenced by u, but also by its second differdntia €nvisaged by Helmholtz, this approach dissocidsesf i
guotients”. from low level data-driven neurophysiological or
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computational approaches initiated by the propanefit to spatial filtering by high spatial frequency tdne
structuralism and thus fell prey to solipsism. channels, brightness contrast appears. On the other
In between these two opposing approacheshand if the low spatial frequency tuned channelgina
emerged the Gestalt school of thought for whomfilter out the high frequency content of the stiomsylit
perception follows a minimum principle and is aéth results in brightness assimilation. It will be wowhile,

same time holistic. According to
psychologists like Koffka (1935),
features in a visual scene are locally bound tageth
into coherent groups on the basis of such coherence
criteria as Proximity, Similarity, Continuity, Conam
fate and Closure. By Proximity is meant that aneobj

is not scattered all over, rather all its partsrarar each
other. Collections of objects are not consideregttioer
unless they are near each other, either spatially o
temporally. By Similarity is meant, the element® ar
grouped together with elements that have the same o
similar features, i.e., any two parts of the samgpke
object probably look alike. Continuity means an
element is a part of that object which gives thestmo
continuous border. Consequently, the next elemeat o

the Gestalt at this point of time, to recall once again from dla
the elementary (Ratliff, 1965):

“The illumination of a retinal point will, in
proportion to the difference between this
illumination and the average of the
illumination on neighboring points, appear
brighter or darker, respectively depending on
whether the illumination of it is above or
below that average. The weight of the retinal
points in this average is to be thought of as
rapidly decreasing with distance from the
particular point considered”

set can be determined from the preceding elements.

In visual perception, one may identify two distinc
groups of workers following two quite distinct
philosophical approaches. One is the school of
Maxwell, Helmholtz or Gestalt philosophers, who
follow a “top-down” approach that explains the
observations in the light of high-level perceptual
groupings. The other one is the school of Weber,
Fechner or Mach, who follow a “bottom-up” approach
that explains the observations in the light of lewel

perceptual  groupings like  neurophysiological
microscopic connectivity. As a small digressiormniy
be noted that both of these opposing schools wae a
to grasp the essence of complex system. Gestalt
theories always believed that “whole is not mena sdi

its parts”, whereas Fechner proposed the theosglbf
organization, leading to the principle of emergent
behavior (Heidelberger, 2004). We shall in thisdgtu
restrict ourselves to the locus standee of these tw
schools with respect to various psychophysical
experiments concerning the phenomenon of brightness
perception only.

Brightnessinduction isdirectional: It is a well-known
fact that the perceived brightness of any surface
depends on the brightness of the surfaces thatisur
itt, a phenomenon termed as brightness induction.
Several studies by Helson (1963); Hong and Shevell

Fig. 1: Demonstration of

simultaneous brightness
contrast in the two test patches, so that test
patches of the same gray scale values are
perceived brighter or darker i.e., in opposite
direction of their background brightness

(2004); Jameson (1985); Jameson and Hurvich (1989)i9. 2: Demonstration of brightness assimilatiorheT

reveal that brightness contrast (Fig. 1) and brigbs
assimilation (Fig. 2) are two opposite phenomena of
spatial frequency dependent brightness inductiome iV
the stimulus mainly loses its low frequency contgun

20

innermost test patches are perceived in the same
brightness direction as their immediate
backgrounds, i.e., the outer test patches, which
themselves however exhibit brightness contrast
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Fig. 3: Demonstration of Mach bands in a horizdptal
trapezoidal stimulus: The illusory bright and
dark bands are clearly visible

mathematical model different from the one as gibgn
Eq. 3. They proposed a Difference Of Gaussian (DOG)
model comprising of two Gaussian functions of vagyi
variances, the smaller of which represented théreen
and the larger, the surround. The model was almost
similar to the one based on second order diffeagrds
proposed by Mach, but included a smoothing function
Necessity of having a smoothing function was stated
Mach, but he never explicitly used such functiorhis
model. About fifteen years later, David Marr (1982)
proved the identity between the two models. Marr
demonstrated that under certain approximations, the
Laplacian operator used by Mach, when applied on a
Gaussian function, vyielded a function that almost
coincided with the DOG. Marr thus completed Mach’s

Almost a complete century passed after thesgywn proposal by combining Mach’s Laplacian operator

words were uttered, when the probing microelecsodeyith 3 Gaussian smoothing function. However, this
of two groups of physiologists, Rodieck and Stonepog or LOG (Laplacian of Gaussian) operator could
(1965); Enroth and Robson (1966) discovered the tru explain only one of the directions of brightness
of this scientific prophecy. In the first half oha induction, viz., brightness contrast and not brigiss
twentieth century Hartline (1940) had pioneered theygsimilation (Palmer, 1999; Ratliff, 1965). Mar©8&D)
concept of visual receptive field that was incre@hi  applied the LOG operator in zero-crossing i.e.,eedg
proving out to be quite successful in understandi®y  extraction and since visually edges exist in vasiou
system at early levels up through the simple §triat gegles, coarse or fine, depending upon in which gfar

cortex neurons. lts usefulness depended upon thge yisyal field attention is focused, he suggested
system being considered as a linear and basicadig-f

forward one. Such a feed-forward neural model in
which the selectivity of a neuron in a higher ordeza,

is supposed to be constructed by the ordered
arrangement of feed-forward inputs from lower order

“If a zero-crossing segment is present in a set
of independent LOG channels over a
contiguous range of sizes and the segment has

areas inspired Hubel and Wiesel (1960) to provide

explanation to the orientation selectivity of toal
cells in layer V1 as due to the ordered arrangeroént
the inputs from the retinal ganglion and the Ldtera
Geniculate Nucleus (LGN) relay cells. Hubel and
Wiesel (1962) systematically established the etariya
inhibitory structure of the ganglion or LGN recegti
field. However, it is clear from the above quotatiof
Mach that this structure was long foreseen by Hihus

he was aware of this striking example of dialectits
nature (Engels, 1883), though in the later years h

the same position and orientation in each

channel, then the set of such zero-crossing
segments indicates the presence of an intensity
change in the image that is due to a single

physical phenomenon (a change in reflectance,
illumination, depth, or surface orientation)”

We thus see that David Marr was probably the first
vision scientist who tried to relate the differaiti
approach (breaking into edges) in vision with the
integrative approach of connecting the part witk th
@vhole or the individual with the system, in a qufhed

opposed the school of dialectical materialism (beni manner. He is indeed the modern father figure in
1908). On the basis of this concept, Mach createdinderstanding visual complexity. From here also
‘Mach Bands’, which generally comprised of emerged the concept of multi-scale LOG or DOGfilte
appearance of pseudo dark and light bands onmgtati and the possible existence of an array of sucbrdilin
discs. Ratliff later demonstrated the same in etatithe simple cells of primary visual cortex. Probably
images also, which comprised of horizontally spurred on by these developments, Jameson (1985);
trapezoidal stimuli (Ratliff, 1965; Ratliff and Hine, = Jameson and Hurvich (1989) and later Kingdom and
1959) (Fig. 3). Moulden (1992) proposed a multi-scale spatial rilte
Let us now come back to the discussion on thenmodel of primary visual cortex in a bid to accofontthe
works of Rodieck and Stone (1965); Enroth-Cugetl an opposite nature of brightness induction. Kingdond an
Robson (1966). After extensive experimental redearcMoulden proposed that V1 cortical output is a resul
on center-surround receptive fields, they put fodva of spatial filtering through four multsle DOGs.
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Fig. 4: Demonstration of Grating induction illusion Fig. 6: The White effect remains evident even at a

brightness profile of the horizontally sinusoidal lower spatial frequency
background has been induced in opposite phase
into a uniform test patch in the foreground Though the test patch on the white bar has morddoor

contact with the black flanking bars, it appearskda
' than the one on a black bar, thus ruling out an

explanation based on lateral contrast with the kblac
flanking bars. The direction of induced brightness
change also remains unaltered even if the heigthef
test patch gets reduced to enable it to have nmoriat

of border contact with the coaxial bar on whichsit
situated. It appears that brightness inductiorofedl the
direction of brightness contrast along the coalx&l on

which it is situated. The observation of White effes
! therefore suggestive of the fact that brightnesshef
gray test patches shifts towards the brightnesthef
Fig. 5: The White effect stimulus that completely flanking bars rather than the coaxial bars on wihisy
defies the theory of lateral inhibition are situated. White and White (1985), while
experimenting with the phase shift of the gray test
This approach was further carried forward by Bléd®s patches relative to the flanking bars, came up \aith
and McCourt (1997) who proposed to compute the Vinotion that at higher spatial frequency of the igmat
cortical output through a linear combination of v White effect might result from brightness assinat
octave-interval DOG filters, including more low But what is queer is that the White effect remains
frequency tuned DOG functions to the multi-scaleevident even at lower spatial frequency (Fig. 6),
spatial filters of Kingdom and Moulden (1992). With although some experimentalists demonstrated that fo
this modified model, they provided an explanation t shifted White effect which is sometimes called the
both brightness contrast and assimilation effedaga  checkerboard stimulus, brightness induction indeed
with the low spatial frequency response of Gratingchanges direction with frequency. Thus probabhere
Induction (Gl) (McCourt, 1982) (Fig. 4) and the are more things in’ understanding brightness péimep
invariance of induction magnitude with viewing than the suggestion put forth by Blakeslee and McCo
distance. (2004). The suggestion states that patterns wiezdess
Meanwhile another interesting case on brightnesare larger (i.e., of low spatial frequency) relatio the
induction came up, known as White’s stimulus (White scale of the encoding filters, are represented wikbss
1979; 1981), which is a square wave grating, ctingis of low frequency information and as such exhibit
of black and white bars. Parts of a white and akblzar  brightness contrast; while patterns whose scales ar
are replaced by identical gray patches. The grgsmeat  smaller (i.e., of high spatial frequency) relativethe
on the white bar looks darker than that on thekolzar  scale of the encoding filters, are represented ailbss
(Fig. 5). White unfurled that for this stimulus,eth of high frequency information and as such exhibit
direction of brightness change does not dependhen t brightness assimilation. The contradictions posethb
amount of black or white border in immediate contac White effect in understanding brightness perception
with the gray test patch, or in itsneel vicinity. initially led Blakeslee and McCourt (1999) to
22
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incorporate the aspect of orientation in their imsdale  foundation of Calculus. His view was later idemtifias
model (ODOG). Later they included global contrastsubjective idealism and severely criticized by Ineim
normalization into their model (Blakeslee and Mc@pu his book Materialism and Empirio-criticism [18]. hat
2004), leading subsequently first to the Locallywas in the year 1908, when Lenin, referring to the
Normalized ODOG model (LODOG) and finally to the continuity of Berkley's philosophy in Mach’s views,
Frequency-specific LODOG model (FLODOG) by showed how the promoters of idealism despite being
Robinsonet al. (2007). It is very disturbing to note exposed time and again by scientific materialistit, s
from the history of these models that in orderxplaén  continue to rise from the ashes. How correct this
new observations, the tendency was to increase thgroposition was, will be evident, even after alntbsee
number of parameters instead of finding out anycenturies after Berkley, if we scan through soméhef
gualitative change in the modelling. It is clear, recent works in brightness perception. In proposiisg
therefore, that either the “bottom-up” approachtttd  Anchoring Theory of Lightness Perception (Barkeley,
neurophysiologists or the “top-down” approach of th 1960), Alan Gilchrist echoes Berkley:

psychologists failed to find out any other key teatin

visual perception beyond contrast sensitivity. Ribgs
the same ‘specter is haunting’ vision science once
again. The specter of mechanical materialism or
reductionism is not yet dead. It would also be
interesting to study how the increasing reductionis
has in turn spurred the Gestalt psychologistsjactiag
low-level spatial filtering altogether and resom t
‘higher level perceptual groupings’.

High level models of brightness induction: The high
level models in vision originated even prior to
Helmholtz. This was the advancement of the thedry o
immaterialism by George Bishdparkeley. He wrote a
book An Essay towards a New Theory of Vision,
(Barkeley, 1709) followed by another book A Treatis

“As in many modern approaches, one can
begin with a domain that, because it is
sufficiently  limited, allows a precise
mathematical model. One then attempts to
broaden the domain without loss of rigive
argue that this approach has repeatedly
failed. An alternative approach takes a wide
swath of phenomena and tries to characterize,
perhaps in fairly broad terms, the nature of
these phenomena. Then one attempts to refine
the characterization, without loss of scope. Our
model is the product of the later approach. We
defend vagueness and imprecision only as a
temporary price to pay for progress” (bold font
type has been used by the present researchers)

Concerning the Principles of Human Knowledge,
(Barkeley, 1760), where he promulgates his views

] oL As a consequence of this approach Gilchrist does
against materialism:

not even refer to the mathematical models, eitheatr of
Blakeslee and McCourt (1997; 1999) or that of their
predecessors like Kingdom and Moulden (1992),
excepting for a passing comment in one of his recen
research (Gilchrist, 2005).

But this direct revival of subjective vagueness is
preceded by many more attempts to establish the mor
veiled form of idealism albeit in its objective for
While the subjective form of idealism relates tberse
of knowledge to subjective sensations alone, the
objective form promulgates the dualism of the otiyec
world and the perceiving subject and does not clensi
perception to have emerged only from the objective
world as the primary source, through mechanisnes lik
lateral inhibition or any other variety of spatigilering.

The promoters of this view tried to develop intiins
image theories of lightness perception. One of the

It is not unnatural therefore that such a cleandt earliest intrinsic image theories was proposed by
against existence of objective world itself would Wallach (1948). Presenting observers with two disk-
naturally lead him to denounce all the contemporarnannulus displays, Wallach demonstrated that as &sng
attempts being made to model and understand thghe luminance ratios in the disk-annulus are maiath
dynamics of the this world especially the logical the same, disks of difference in luminance appgagke
23

“It is indeed an opinion strangely prevailing

amongst men, that houses, mountains, rivers
and in a word all sensible objects have an
existence, natural or real, distinct from their
being perceived by the understanding”

He goes on to say:

“For, what are the afore-mentioned objects but
the things we perceive by sense? And what do
we perceive besides our own ideas or
sensations? And is it not plainly repugnant that
any one of these, or any combination of them,
should exist unperceived?”
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in lightness. One can see the difference in the twaarry forward the views of Helmholtz (1866) who
forms of idealism. Unlike the subjective vaguenéiss, proposed that luminance of a region in the refimalge
intrinsic image model of Wallach proposes anwas always compared with the perceived intensity of
arithmetic relationship, viz. a simple ratio of kdiand illumination in that region of the visual scene, that
annulus towards the perception of lightness valbes, the ratio yielded reflectance of the surface. By
in no way takes into account how such a stimulus isncorporating the role of illumination from Koffka
processed in visual pathways, despite the factttieat (1935), Gilchrist actually tried to highlight the
concept of visual receptive field had already hié t observation of Gelb (1929) who showed that a padce
ground in 1940 (Hartline, 1940). Naturally Wallagh’ black paper appeared white when presented aloae in
simple ratio formula suffered from a severe spotlight, but the same paper appeared much darker
shortcoming, although admittedly, the concept ofwhen a real white was placed next to it in the Iggfut
luminance ratios at the edges goes far towardé major allegation of the objective idealist school
explaining the traditional problem of lightness against the reductionist alias mechanical matstiali
constancy or the illumination independent constancyapproach of the contrast theorists is that all rtifie
which is sometimes referred to as the Type | contsta  developments in this direction following Gelb (1929
It leads to the background independent lightnessind the likes of Wolff (1933); Katona (1935) and
constancy or the Type Il constancy. This implieatth specially Katz Helson (1943) in solving the problem
when the same piece of gray paper is viewedightness constancy (the luminance of any regiothef
successively against different backgrounds, themetinal image can vary by a factor of no more ttrarty
although the luminance ratio across the paper edg® one as a function of the physical reflectancé¢hat
changes dramatically, contrary to the ratio pritegithe  surface, but can vary as a factor of a billion te @s a
paper appears to change little in lightness. Thidunction of the illumination on that surface, réid in
constancy calls for some mechanism by virtue ofttvhi the fact that any given luminance value, which is a
luminance values of even widely separated regians iproduct of the surface reflectance and its illurtiorg
the retinal image can be compared to carry outtacfo can literally be perceived in any shade of gray,
normalization. The Retinex theory of Land anddepending on its context in the image and yet pezce
McCann (1971) strengthened the intrinsic imagemheo shades of surface grays with rough accuracy. Tdis i
by providing evidences and arguments suggesting thavhat is referred to as the problem of lightness
the visual system is indeed capable of derivingconstancy), were stopped after World War 1l, beeaus
luminance ratios between two remote surfaces in théhe spotlight of this research shifted to North Aice
image. But no mechanism was suggested towards suahNith physiological evidences of lateral inhibitiothe
computation, except the suggestion that possibéy thcontrast theorists dominated the scene. They dirong
luminance ratios at every edge encountered along asxpounded that the excitatory-inhibitory receptive
arbitrary path from one surface to its remote @a# fields rendering thereby the ideas of Gestalt thexs
mathematically integrated. Gilchrist (1977, 2006)obsolete. The followers of Gestalt theory denourtbed
carried forward this approach further by propodimgt  artificial conditions under which the contrast
such edge integration should be preceded by axperiments were carried out. They complained ithat
classification of edges in the visual system intmt such experiments the stimulus conditions were very
main categories, viz. the reflectance edges and theestrictive and quite different from normal viewing
illuminance edges. On the one hand Gilchrist wasonditions, viz., luminous patches in psychophysica
influenced by the pioneer Gestalt psychologist Kaff experiments were presented in dark rooms. Relative
(1935) who observed that: luminance was misinterpreted as contrast and the
Gestalt lessons, they claimed, were lost in ther-ove
“Not all gradients are equally effective as enthusiasm to explain lightness at physiologicakle
regards the appearance of a particular field (Gilchristet al., 1999). Also the early European works
part ..... clearly two parts at the same apparent  were never cited. It is not that the tradition effational
distance will, ceteris paribus, belong more determination of lightness/ brightness totally fdizsared
closely together than field parts organized in from the nineteen forties. But these, according to
different planes” Gilchrist et al. (1999), were interpreted as stimulus
gradients, i.e. luminance of the target surface either
On the other hand, it is also apparent fromcompared with a weighted average luminance of the
Gilchrist's standpoint that by demarcating betweenretinal image (Helson, 1943) or looked upon as -disk
reflectance and illuminance edges, he was atteqpin - annulus luminance ratios (Wallach, 1948). Such siew
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of Helson (1943) or Wallach (1948) were notand so Gilchriskt al. (1999) in their bid to solve the

materialist, but a form of objective idealism fraie

problem of anchoring, takes recourse to a passing

intrinsic image theorists. However everybody havingstatement of intrinsic image theorist Wallach(1976)

such views, did not stick to that philosophy.
A striking example is Allan Gilchrist himself, who
finally deserted the objective idealist

who says in his book On Perception that the value o
white is assigned to the highest luminance in the

camp, display and serves as the standard for darkercagfa

strengthened earlier by him by carrying forward thelnterestingly, this rule, called the highest lunmioa

intrinsic image theories (Gilchrist, 1977) to filyajoin

rule, also serves the Retinex theory of Land and

Bishop Berkley’'s (1709; 1707) school of subjective McCann (1971) and the computational theories of
(Gestaltet al., 1999). He justifies such camp shifting by lightness by Horn (1986), a fact that serves tonstimt
pointing out the supposed weaknesses of the iftrins objective and subjective forms of idealism are dnlg

image models, especially with respect to anchoring.
Gilchrist et al. (1999) poses the problem with
intrinsic image models in the following way:

“For instance, consider a pair of adjacent
regions in the retinal image whose luminance
values stand in a 5:1 ratio. This 5:1 ratio
informs the visual system only about the
relative lightness values of the two surfaces,
not their specific or absolute lightness values.
It informs only about the distance between the
two gray shades on the phenomenal gray scale,
not the specific location of either on that scale.
There is an infinite family of pairs of gray
shades that are consistent with the 5:1 ratio.
For example if the 5 represents white, then the
1 represents middle gray. However the 5 might
represent middle gray, in which case the 1
would represent black.....”

This is the anchoring problem, the problem about
how the visual system ties relative luminance value

extracted from the retinal image to specific valads
perceived black, white and gray, for which accogdio

sides of the same coin. Thus we see that while MoCa
(2004) continues to adopt the highest luminance, rul
Land, his collaborator in setting up the Retineaatty
(Land and McCann,1971) reverts to the average
luminance rule in a later version of the Retinegotly
(Land, 1983). The anchoring theory of Gilchristoals
prefers the highest luminance rule. The heuristic
anchoring rule that Gilchristt al. (1999) proposes, is
as follows:

For simple images, the brightest region appears
white and the appearance of each darker regiomdspe
on its relationship to the white region, accordioghe
formula:

PR=L/Lx90% 4)

Where:

PR = Perceived reflectance

L; = The luminance of the target

Ly = The highest luminance in the framework and 90%
is the reflectance of white

Then, they went on to integrate this approach with
an area rule which states that in a simple dispidnen

Gilchristet al. (1999), one needs an anchoring rule thathe darker of the two regions has the greaterivelat

would define at least one point of contact (anatgyri

area, its lightness value goes up in direct prapornd

between luminance values in the image and gra scathe corresponding modified formula:

values along the phenomenal black-to-white scathén
visual system (Fig. 7).

PR=(100A)/50%(L/Lx90%)+(A-50)/50%(90%)  (5)

Computational attempts have been taken by the

intrinsic image theorists to approach this probléke
for instance, the stimulus gradient approach ofsbiel

where, A is the area of the darker region, as a percentage
of the total area in the field. Equation 5 showat thAy

(1943), discussed earlier, where he proposes that r@presents half (i.e., 50%) of the total areaedtuces to

target surface whose luminance is equal to theageer

Eqg. 6. As A approaches 100%, its perceived reflectance

luminance in the retinal image appears middle grayapproaches 90% and between these two end poiets, th
being above average appears light gray or white and a supposedly smooth transition. The lighteraedias

being below appears dark gray or black-this beiitgno
referred to as the average luminance rule. Hor8g1L9

no lightness value other than white, but asgtows,
qualitative changes occur in the lighter regionstfito

at MIT Al lab had, on the other hand, related thefluorescence and finally to self-luminosity (Fig. This

anchoring problem to the issue of normalizationt &
usual, the subjective Gestalt theorists are ledwoate

consonance with dialectical
states that quantitative

is in
which

phenomenon
materialism,

with such approaches and more with mystic heusisticchanges do finally bring about qualitative chas
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We have already mentioned, that the observations
on White effect provided a fillip to Gestalt
psychologists to offer alternative explanations of
brightness perception that rejected the idea that
brightness induction would occur as a result oftiapa
) filtering through visual pathways. Todorovic (1997)

> White Zaidi et al. (1997) represent one such school of
contemporary intrinsic image theorists who put fargv

/ an alternative explanation of White effect basedrup
the T-junction rule. T-junction is the meeting pacf
three different intensity regions in an image: two
collinear regions form the stem and the other fiagk
Black region forms the top of the T-junction. The brigign
of the region that shares edges with the othepregof

the T-junction, predominantly depends on the
Fig. 7: The anchoring problem luminance of its collinear region and is in theedtion

of SBC effect. In White stimulus, one of the gray
The idealists like Gilchrisét al. (1999), who refuse to patches form four T-junctions with the flanking dita
depend upon physiological findings but understédmsi t bars and the collinear white bar, while for theentbne,
principle, are driven to a similar position as thei the situation is just reversed (Fig. 5 and 6). Heric
philosophical forerunner George Wilhelm Friedrich junction rule predicts that a gray patch on thdireér
Hegel who wielded the weapon of dialectics to nteet  white bar will look darker than that on a black .bar
demands of a crisis in idealism. Hence they corlud Similarly, the anchoring model of Gilchristt al.
that in lightness perception such “qualitative af@n (1999), discussed above, argues that in terms ef th
not surprisingly, is difficult to capture matheneatly”,  Gestalt grouping principles the principal grouping
thus taking recourse to Kantian agnosticism whichfactor is the T-junction. Anderson (2001) also ®gig
demarcates between the “thing in itself” and “th&§  a lightness rule, by which the T-junctions in thigpthy
for us”, i.e., what can be modeled and understauil a of White effect trigger the parsing of the target®
what cannot. Indeed according to Engels, “the dtale multiple layers. The computational model based on
of Hegel was placed upon its head; or rather, tiofé  higher level groupings forwarded by Ross and Pessoa
its head, on which it was standing and placed ufon (2000) in its simplified form, also segments visual
feet” (Engels, 1886). scenes by means of T-junctions. All these modelseth
upon T-junction analysis and/or perceptual infeesnc

Domine, quo vadis? So then, we are now put in a very fail to predict the perceived brightness in How@g01)

peculiar position: While discussing about the bitigiss  stimulus (Fig. 10). In that case the junction based
induction, we notice that all recent mathematicalintrinsic image theorists provide alternative

models to understand the context dependent diredtio explanations. For the Howe’s stimulus, T-junctioter
nature of brightness induction are continually predicts the same brightness perception to the tgsty
increasing the quantity of parameters involveduohs patch on white bar as that in White effect. This is
modeling without any major qualitative leap. Aga@h  contrary to the perception of thirty out of thirtiyree

the end of the last section, we see that Gestiattadcin naive observers who report that either the lefiy drar
contrast, is providing clues to such qualitativarmles  appears lighter than the right one (17 observarshat

in understanding, even as they shun mathematicaoth are perceived equally bright (13 observersy
models of the visual system. How then can a2001). Howe (2001) himself has suggested (Grossberg
comprehensive theory of brightness perception eaferg 1994; 2001) that the effect may be explained uricier

In which direction should the research proceed fromassumption that the stimulus configuration resultéie
here? Before we analyze this situation any furthedr, formation of four illusory contours, which effectly

us quickly take a glimpse of some of the recenichange the T-junctions to X-junctions. Thus a tiadi
activities of the intrinsic image theorists, whiete  of intrinsic image theorists continues in the fooh
have not yet covered in our review. This will aidthe  sych perceptual groupings based upon T-, X-and Psi
development of a better understanding of theunctions in images, although none of such junction
mathematical model-based approaches currently i@nalysis could predict the increase in strengttthef
vogue towards explaining brightness perception. brightness induction with respect to the increase i
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spatial frequency of the square grating in a White  They started with the original White’'s stimulus to
stimulus (i.e., in Fig. 5 or 8 as compared to Big. end up with the stimulus that produces SBC while

These junction based image theories, however, argasically increasing the amount of filling of aftate
not the only computational models in recent yearsflanking bars with opposite brightness (Fig. 8-1@).
Amidst the proliferation of these intrinsic image both the White's stimulus and its slightly pertuibe
theorists, significantly, a short but very intenegtwork  variant, the reports of the subjects in the psyblgsjzal
has been published quite recently by the spattalifig =~ experiments, as well as their contrast normalized
school by Blakesleet al. (2005) which, unlike the ODOG model, provided the same output for both Big.
previous research of Blakeslee and McCourt (1997and 9, that a gray test patch on white coaxial ibar
1999; 2004), bears evidences of a possible quaétat perceived darker than the same test patch situated
leap for this materialist school towards undersitagnd the black bar. So the direction of brightness petioa
the bi-directional nature of brightness induction.follows the same pattern as in case of assimilatigti
Considering its importance, let us discuss thieassh a decrease in the group mean of the observers las we
a little bit in details. as the predicted induction strength by the model fo

Blakeslee et al. (2005) measured brightness Fig. 9. The designers of these set of experiment
induction in a set of chosen stimuli and illustchteat  continued to increase the amount of filling up to a
White effect and SBC actually occupy opposite enddimit when the column height matched that of thst te
of a continuum of stimuli in which the Howe stimslu patch, so that it resulted in Howe’s stimulus. This
is the mid-point. They also simultaneously comparedstimulus is yet to be dealt with by the subjecti#estalt
their psychophysical measurements with theheorists, like for example using anchorimgpdel.
predictions of their cortical multi-scale Oriented

Difference of Gaussian (ODOG) model, amalgamated
with the concept of contrast normalization
(Blakeslee and McCourt, 2004).

Fig. 10: The Howe stimulus with alternate flankimays
being filled up to the height of the test patches.
Ambiguity in brightness perception results in
psychophysical experiments

W

Fig. 11: The Howe stimulus variant with the fillirof
alternate flanking bars exceeding the height of

Fig. 8: The assimilation end of Blakesleteal. (2005)
continuum. The classical White effect

Fig. 9: A variation of the classical white effect. the test patches. Ambiguity reduces in the
Alternate flanking bars are Starting to be filled Opposite direction i.e., brightness contrast.
with opposite brightness resulting in reduced Reversal in brightness induction shows
assimilation according to experimental results quantity to quality transition
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ODOG model nor by quantitatively increasing the
number of parameters and resorting to the modified
ODOG models like Locally normalized ODOG
(LODOG) and the Frequency-specific LODOG
(FLODOG) (Robinsonet al., 2007), it is possible to
separately explain the varying observations of éhes
subjects. The ODOG model merely reflects the trefnd
induction reversal. This results from a possible
weakness in understanding the dialectics of
quantitative-qualitative and its reflection in the
proposed theoretical models. Yet the works of these
experimentalists as well as their predecessors like
Anderson, in designing these illusions and
experimentally connecting them in a continuum, by
guantitatively increasing the amount of fill-in tfie
alternate bars that result in qualitative changes i
brightness induction, does bear imprints of malistia
dialectics. As we see that in keeping with this
continuity, finally, a complete brightness shift ihe
direction of brightness contrast occurs in Fig. dtere
the fill-in of the alternate columns exceeds thst te
patch dimension itself. The strength of such iniunct
increases even further in Fig. 12 since the fillkiow
further increases to an extent where the stimulus
assumes the form of the classical simultaneous
brightness contrast stimulus as proposed by Heinama
(1995). A confirmatory test for this stimuli contitnm
was suggested by Blakesleteal. (2005) by introducing
Fig. 13: Vertical displacement of test patch fromthe Anderson variant of Howe stimulus. This is show
classical Howe stimulus results in thein Fig. 13. Here the test patches themselves are
Anderson’s stimulus. Yet another qualitative vertically shifted from their Howe stimulus locatioso
reversal in the direction of assimilation occurs,that the amount of fill-in effectively decreases ot
but with a much reduced magnitude in thatto the extent of Fig. 8 or even Fig. 9. So, thejestts
direction, as reported in experiments are found to report only another reversal of dicect
towards brightness assimilation but with a lesser
There is no satisfactory explanation of this stwsul magnitude as compared to Fig. 9 and of course
through any junction rule, although the applicatmin compared to the original White effect (Fig. 8). $tihis
X-junction rules did manage to achieve some succesgonfirmatory test towards the existence of a camtirs
In keeping with the observations of Howe’s thirty brightness perception scale from assimilation to
subjects, the subjects in Blakesleteal. (2005), also contrast successfully verifies the proposition of
report that the brightness difference of the twst te Blakesleest al. (2005). The contrast normalized ODOG
patches in Howe stimulus (Fig. 10) is either muchmodel is also found to represent this experimental
reduced from the previous two stimuli (i.e., Figa®d trend.
9), disappears altogether or reverses sign in the Why we are yet to find more authentic theories
direction of the next two (Fig. 11 and 12). In cade towards brightness perception, which are compatible
the experiments carried out by Blakeslee and McCourwith  the neurophysiological, anatomical and
6 of the 8 observers report disappearance or r@vefs psychophysical observations? Is it the
induction direction, while even for the other tweete = compartmentalization of science and the alienatibn
is a further diminution in induction magnitude these branches in vision science from each othdreis
compared to Fig. 9. In other words, the Howe stiraul prime cause of the impediment? In keeping with what
occupies the midpoint of a continuum encompassingve have already mentioned about the characterisfics
these five stimuli. It should however be admittedtt any complex system, one should infer while
neither through the contrast normalized (globally)understanding a complex phenomenon like visual
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information processing through these various brasch Physiologists have observed for a long time, that
of science, that the inherent contradiction betw#hen a number of photoreceptor cells, lying outside the
independent behavior of each of these brancheshend lateral inhibition based Classical Receptive Field
mutual control of one on the other through a nekwor (CRF) of ganglion cell, can modulate the behavibr o
connectivity of these individual models, actualiyeg  that cell (Ikeda and Wright, 1972; Sheiual., 2000;
rise to the emerging properties of the complexesyst Passagliet al., 2000). Such modulation, from what is
as a whole. Any attempt to construct a comprehensivtermed as the Extra Classical Receptive Field (ECRF
model of such a complex reality should reflect faist.  is probably nonlinear in nature (Zetzsche and Réintb

It would be worthwhile to quote a few lines from 2001). It has however been shown (Gheishl., 2005)
Darwin, the father of evolutionary biology regamlin that though stimulations in ECRF are known to &lici
the complexity of the eye itself, leave alone tlye-e nonlinear responses in the retina, it is worthwhde
brain complex (Darwin): probe the efficacy of a simple linear mathematical
model representing a spatial filter for the ECREF.
Another study by (Ghosh and Pal, 2007) attempts to

above

“To suppose that the eye with all its inimitable
contrivances for adjusting the focus to
different distances, for admitting different
amounts of light and for the correction of
spherical and chromatic aberration could have
been formed by natural selection seems, |
freely confess, absurd in the highest degree.
When it was first said that the sun stood still
and the world turned round, the common sense
of mankind declared the doctrine false; but the
old saying of Vox populi, vox Dei, as every
philosopher knows, cannot be trusted in
science. Reason tells me, that if numerous
gradations from a simple and imperfect eye to
one complex and perfect can be shown to
exist, each grade being useful to its possessor,
as is certainly the case; if further, the eye ever
varies and the variations be inherited, as is
likewise certainly the case and if such
variations should be useful to any animal
under changing conditions of life, then the
difficulty of believing that a perfect and
complex eye could be formed by natural
selection, though insuperable by our
imagination, should not be considered as
subversive of the theory”

show that the illusions used by Ghoshal. (2006)
towards justifying their ECRF model also probably
belong to three different classes as shown byeligle

et al. (2005), a class of assimilation, a class of @sttr
and a class of ambiguity as in Howe stimulus. But
much work remains to be done, in setting up a eross
talk between psychology and neuroscience. For
example, it remains a glaring fact that the diffeere
psychophysical models discussed so far, be it apati
filtering based or be it the intrinsic image thebased,
fail to provide much insight into their connectivivith

the parallel pathways in our central visual systesl]-
known and well studied by anatomists and
neurophysiologists alike, for a long time. These
pathways are again broadly classified into thrgeesy
viz., the Parvocellular (P), the Magnocellular (Ehd

the Koniocellular (K). They originate from differen
types (P, M and K) of retinal ganglion cells (Moteai
and Gouras, 1975; Croner and Kaplan, 1995;
Solomonet al., 2002; Xuet al., 2001) which give rise

to P, M and K channels segregated anatomically,
physiologically and behaviorally (Shapley and Perry
1986; Silviera and Perry, 1991; Schiller and Malpel
1978; Merigaret al., 1991). These channels send visual
information from the retina to the cerebral coriga
LGN in thalamus. The visual cortex is also suppdsed
be divided into two pathways viz. the temporal émel

All attempts to model the present phenomenon Oparietal, one of which is specialized for motion

mentioned aspects concerning

brightness perception should therefore consider thgrocessing and the other for color or form inforiowat
anatomysrocessing (Ungerleider and Mishkin, 1982). Several

physiology and psychophysics of the visual systemstydies (Merigaret al., 1991; Merigan and Maunsell,
together in an appropriate connectivity, along vilie  1993) put indirect evidences that M channel in sub-
external conditions like illumination, where these cortical pathway feeds input to motion pathway &hd
internal structures manifest themselves. Some veryhannel drives the color or form pathway of visual
preliminary attempts to this end have been made iRortex. But by selective blocking of neuronal resg®
recent times by relating the phenomenon ofpf either P or M channels in LGN of macaque monkeys
psychophysical  brightness  perception to  the(macaca fascicularis and M. nemstrina), several
physiology of the extra-classical receptii®ds neyrobiologists like Ferreret al. (1992) came up with
of ganglion cells inthe retina (Ghoetfal., 2006).  results, showing that in spite of the parallelishere is
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indeed an intermixing of P and M channel contributi becomes evident from on one hand, a noticeable
as early as in the visual area V4 and more integlgt tendency of the scientific community to try to aeri
even in many units of V1, providing evidence thathb  again and again at ‘grand unified’ absolute truftosn

M and P channels probably make substantial ang earkexperiments in various partial branches, or totally
contribution to neuronal response in color or formrefuting the existence scientific truth by highligiy
pathway (Valoiset al., 2000). It is not unlikely the importance of external conditions and resortimg
therefore, that all the three (including K) chassnahd  ‘relativism’ on the other.

not only P, as is traditionally believed, may beoived To appreciate the importance of applying
in the construction of cortical brightness percdpis  dialectical materialism in developing scientifietries,
worthwhile to explore if the complementary natuffe o let us now conclude this chapter with a quotatiemf
these three pathways is helpful in explaining tie b Sakata (1971) an accomplice of the great Japanese
directional nature of brightness induction togetivh particle physicist H. Yukawa, who says that if anly

the ambiguous intermediate effects mentioned by

(Blakesleeet al., 2005). But one hardly encounters such “theoretical physics had been conscious of the

a dialogue between psychophysics and neuroscience. dialectics of nature and learned the logic of
There are occasional attempts to understand the high quality, they would have taken a more
temporal dynamics of brightness perception, which  straightforward way to establish quantum

indirectly search for a possible role of the pailall mechanics....the methodology of Bohr and
channels in perceiving brightness. These types of Heisenberg, though it worked well as an active
researches have been done by Vakdisal. (1986); weapon in constructing quantum mechanics,
Rossi and Paradiso (1996) and in very recent tinyes has frequently worked negatively in the recent

Robinson et al. (2008) and also by Blakeslee and development of theories of atomic nuclei and
McCourt (2008). In neural modeling some recent \g8ork of elementary particles. This is due to the fact
have been done by Wielaard and Sajda (2007) in that the methodology consists of only a partial
modelling the non-linearities in extra-classicaleptive consciousness of the dialectics of nature.
fields, which appeared to be missing in the work of Indeed, a misleading methodology, if one
Ghoshet al. (2006). Wielaard and Sajda (2007) have applies it extensively as a creed, is always
also used a simplified concept of feed-forward transferred into the opposition according to the

pathways alone. Without the incorporation of thedfe well-known law of dialectics”
back pathways, these models of visual computatdn f
to surpass the limits of mechanical materialistrapph. Though these words of Sakata were in reference to

An attempt has recently been made Ghosh (200940 uthe domain of modern physics, these are equally
the cortico-geniculate feedbacks on the feed-fodwar applicable for the present context as well. Unanwase
model of Ghostlet al. (2006) for searching the possible about dialectical and historical materialism (Stali
pathway in central visual route. Another computaio 1938) is hindering the development of theoretical
model with higher level figure-ground grouping for psychophysics in particular and neural information
predicting the direction of brightness inductionsha processing in general, towards developing a well-
been proposed Ghosh and Pal (2009) that strengthensnnected consistent theory in lightness/ brigtgrias
the school of thought where recurrent interplaydeetn  perception, in spite of the many methodologies wark
bottom-up and top-down processing holds the key tavell here and there as ‘active weapon’.

visual perception Hotchstein and Ahissar (2002) It

should however be borne in mind, that although the CONCLUSION
development of multi-disciplinary subjects, of new
disciplines like complex systems, systems biologyg a Philosophy, in its truest sense, encompasses

so on as a defiance to the reductionist separaifon everything including Mathematics and Natural
physics from chemistry or biology, of experimerdrfr ~ Sciences. However, as it stands today, Mathemaitids
theory or as in here, of psychophysics from anatomyPhilosophy have cut out their individual niche drade
does bear signature of a revival in approach tosvarddeveloped as two complimentary tools, which are
combining the micro and macro, the part and theleyho indispensable for studying, understanding and
the particular and the general, one cannot buttstil developing the theory of knowledge especially in
afraid that these streams will again lose theivflo the  natural science. While mathematics is the language
cruelly hot sand of eclecticism in the name ofthrough which scientific statements are precisely
upholding holism. That such fear is not baselessexpressed, philosophy is the tool through which the
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statements can be interpreted, comprehendedts zenith and out came dialectics again as a weapo
Theoretical science relying solely upon mathematics the idealists. Equipped with the concepts of Prityim
dominated by objective idealism or at best bySimilarity, Continuity, the Gestalt people started
mechanical materialism. On the other hand scientifi attacking the mechanical materialism of the crude
pursuit of new theories devoid of mathematics andcontrast theorists who relied only upon internal
expressed solely through philosophy is likely tol@p  contradiction and not the external conditions, like
in the realm of crude subjectivity. Our journeyabgh illumination, in which they flourish. The contrast
the history of vision science in general and bmgs theorists fought back and tried to incorporate ¢higs
study in particular in this study, justifies theogb  formulating ratio-based theories where as if thieal
statements. Shunning the path of mathematics, rnvisioconditions cancel out. It is not a question of edlimg
scientists from Bishop Berkeley (who rejected theout, but a question of flourishing of the conterithim
necessity of the branch of calculus in mathematics the appropriate form. If form gets cancelled oofytent
explaining the laws of nature) to Allan GilchristHo =~ becomes vulnerable and the dialectical influencks o
prefers ‘vagueness and imprecision’ over theform upon content or of superstructure upon base
‘limitations’ of mathematical models) have thus led become apparent. In the light of this discussibmass
themselves to the path of solipsism. On the oth@dh been demonstrated (Ghoshal., 2009) that in visual
in this review we have shown that reliance uponperception of lightness distribution, external eomay
mathematics sans dialectics, have led the intrinsiassume importance in expressing an intrinsic ptgper
image theorists to dualism and the contrast thisotis  of the image.
metaphysics. Almost as a parallel to the social scenario, the
Another very interesting domain, we have scientific philosophy too, after the Second WorlaiW
attempted to study here, is the origin of Dialectic  remained indecisive and a truce emerged in the fifrm
science and philosophy. Contrary to the populaiehel objective idealism or at best mechanical materalig
this methodology was not introduced by the matistial such a situation the dialectical materialism gatrizbto
school. Rather, the primitive form of dialectics, its mechanical version and finally ushered in crude
sharpened by the idealist philosophers, can bedréx  subjective idealism. Such trends are now becoming
the ancient Greek or oriental philosophies. Even irevident in scientific literature, with the subjeftsts
modern times, it was the idealist school of Hedeltt once again resorting to dialectics-the present aiest
strongly promoted dialectic thought process. Int,fac school taking recourse to the sharp weapons oéctial
before the development of modern science, matemiali laws like continuity, quantity-quality transitioma so
(which  was mostly the philosophy of the on to ensure that no remnant of materialism is. left
underprivileged) was in its primitive form. The @ists  However, one need not conclude that this wouldhiee t
(who were mostly from the privileged class) usedend of dialectic or of materialism. It should be
dialectic to falsify the primitive materialism. Ithe  remembered that the tool of dialectics was borrowed
post-renaissance period, with the advent of moderfrom the idealist camp of Hegel and was combineith wi
science and the unfurling of its varied beautieststy the mechanical materialism in classical German
from the quantum mechanics of subatomic partit¢hess, philosophy represented by Feuerbach, only to toansf
gravity of black holes and the relativity of timada it qualitatively to materialist dialectics in ordeo
space to the enormous complexity of biologicalchallenge the very edifice of idealism. Lateralilithon
systems, materialism became a strong contender fdrased contrast theories would also hopefully be
idealism. However, the initial bottom-up materialis substantiated not only by the basic law of diatsctin
flurry of industrial economy completely lost itsag  which it rests upon viz. the unity of oppositest blso
amidst the drudgery of world wars, war economy andhrough the incorporation of the other laws like
politics of intimidation, eking out only a forcedg-  connectivity, quantity-quality transition or negati of
down existence. Gilchriset al. (2005) had rightly the negation (Stalin, 1938; Mao, 1937; Engels, 1877
mentioned about this change in scenario after Worldenin, 1895-1916) so as to challenge all sorts of
War I, with the focus shifting from the war bruise mysticisms in vision science and in brightness
Europe to the least affected North America. But whaperception domain. The recent researches both in
he had not mentioned is the reason behind theofise experimental psychophysics as well as in mathesadatic
the Gestalt school. With the underprivileged toavno modeling, that have been discussed or referreudl tioig
fighting tooth and nail to bag their share of powaed  study, are showing signs of such a future in tHo@f
finally replace the privileged, the battle betweenln order to ensure that such synthesis should be
religious idealism and dialectical materialism fead dialectic and not eclectic, it would require idéyitig
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the proper mathematics towards quantitativelyCroner, L.J. and E. Kaplan, 1995. Receptive fiatlp
representing complex phenomena as mentioned in the and M ganglion cells across the primate retina. Vis
Introduction, a mathematics that can quantify the Res., 35: 7-24. DOI: 10.1016/0042-
interaction between the part and the whole, through 6989(94)E0066-T

dialectical rules. Darwin, C., 2003. The Origin of Species. 150th Edn.
Signet Classics, ISBNL 10: 0451529065, pp: 576.
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