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Introduction

Our everyday life goes through a countless number
of difficulties and challenges. Through learning we
develop cognitive and behavioral skills and strategies
directed toward solving these difficulties and chal-
lenges. Learning in this age of brain competition can
be considered as the best tool to attack our oppo-
nents and defeat enemies. What is learning then?

Learning refers 10 a relatively permanent change in

behavior and cognition as a result of practice or ex-
perience. It is undoubtedly one of the most important
functions of our brain. Learning does associate not
only with high-level things like math functions,
rather it includes low-level perceptual (e.g., letter
identification) and motor skills too (e.g., moving a
finger). Perceptual learning results in changes in the
ability to pickup information in a meaningful or ap-
propriate manner. People perceive in order to under-

stand, and their understanding leads to more and
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more efficient perception. Perception and action are
related in that people act in order 1o learn about their
surroundings, and they use what they leam to guide
their actions. Perception becomes more skillful with
practice or experience. As a result, perceivers come
to notice the features of situations that are relevant to
their goals although irrelevant features may also
come into play of the process (Seitz & Watanabe,
2005 ; Watanabe, Nanez, & Sasaki, 2001). Perceptual
learning can aid an animal with many things, like de-
tecting preys or predators, and avoiding obstacles
while running. In human activities, perceptual learn-
ing can help with ars, sports, music, piloting fast
planes, and many other functions. For example, art
students learn to differentiate different strokes, tex-
tures, and styles, and to classify paintings by period
and artist.

Perceptual skills occur across widely different do-
mains such as visual, auditory and haptic (touch and
kinesthetic) etc. Among these the visual domain is a
greatly advancing area of scientific enquiry. We have
focused here on spatial perception in this domain of
our interest. Visual spatial perception provides us
with information about the spatial environment, The
way we perceive space and their position or orienta-
tion within that space can affect our gross motor
skills. For example, good visual acuity, a measure of
space perception, is necessary for skilled performance
in spatially complex task such as in surgical proce-
dure. However, studying perceptual learning in the
visual domain scientists have demonstrated left vs.
right and upper vs. lower visual field asymmetries in
information processing. For example, spatial informa-
tion such as orientation, localization, and size are
processed more precisely in the left visval field and
non spatial information (e.g.. temporal processing) in
the right visual field (Boulinguez, Ferrois, & Graumer,
2003 ; Corballis, Funnell, & Gazzaniga, 1999, 2002).
The lower (south) visual field has been observed to

be better for localization task, (Cameron, Tai, & Car-
rasco, 2002 ; Carrasco, Talgar, & Cameron, 2001),
acuity (Carrasco, Williams, & Yeshurun, 2002), spa-
tial resolution (Talgar & Carrasco, 2002), spatial
memory (Previc & Intraub, 1997), global processing,
near stereoscopic vision, color and orientation (Previc,
1990), and figure-ground segmentation (Rubin,
Nakayama, & Shapley, 1996), whereas asymmetries
in favor of the upper visual field have been reported
for local processing. far stereoscopic vision, visual
search, and apparent size (Ross, 1997) etc. The left-
right visual field asymmetries have been attributed
primarily to the functional differences of the two
hemispheres (Heilman & Van Den Abell, 1980 ;

Kinsbourne, 1970) whereas upper-lower visual field
asymmetries do not have such kind of functional dif-
ferences in the visual system. Researchers have also
demonstrated that spatial acuity performance is
higher for horizontal and vertical stimuli than for
oblique stimuli (Furmanski & Engel, 2000 ; Li, Pe-
terson, & Freeman, 2003). A few of the researchers
have observed better vernier performance for vertical
stimuli than for horizontal stimuli (Skrandies, Jedy-
nak, & Fahle, 2001) indicating neural preference for
a particular kind of stimulus orientation. Scientists
have explained that this orientation preference might
be associated with the everyday fact that we experi-
ence more vertical and horizontal than oblique stim-
uli and more vertical than horizontal stimuli causing
differences in sensitivity (Gregory, 1997). However,
in order to understand orientation and other feature
based visual sensitivity and learning let us raise some
basic question on the visual processing of spatial in-
put and then critically analyze the relevant literature

to find out the answers.

Visual spatial input: on the question of
its processing

Visual perception refers to the process of interpreting
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and organizing visual information (Kavale, 1982). To
understand and organize the visual spatial environ-
ment visual discrimination is necessary. Visual dis-
crimination involves the ability to recognize and
identify a figure's distinguishing features and details,
such as shape, size, orientation, position, and color
etc. Good visual discrimination, in fact, refers to
good visual acuity. Scientists have suggested several
models to study visual acuity psychophysically.
Among those vernier acuity model is a widely used
one. It is a very sensitive measure to study percep-
tual learning based on cortical processing. In vernier
acuity experiments scientists usually measure sub-
ject’s discriminability of spatial position. That is, in a
vernier discrimination task the subject usually judges
the position of a target in relation to its reference.
Consider a vernier stimulus comprising of two lines-
a reference and a target (Fig. 1 -2 ). A bright bar has
a number of features that may be used for positional
judgments. It has local features such as width, length,
edges, orientation, position etc. In addition, it may
have some other properties that we may ignore or do
not take into consideration for scientific enquiry. For
example, when the target bar is displayed above or
below the reference/ comparison bar (constant) there
is an asymmetry in relative position of the two image
situations (Fig. 1 —2). Rather than simply referring
it absolute positions of the target bar we prefer to
call it position relativity of the bars in the sensory
map. In Fig. | we have displayed such situations of a
vernier image comprising of two horizontal line fea-
tures : a left reference (constant position) and a right
target separated by some gap and displayed below or
above the reference. These opposite target positions,

in fact, give two comparable images: one image

comprises of a left upper and a right lower lines (Fig.

1 (a)) and another one comprises of a right upper
and a left lower lines (Fig. 1 (b)). When the left line
is displayed as a target with a right reference a
downward offset of the target gives an identical rela-

tive position of the image where the offset is upward
for a right target and a left reference (Fig. 2 (a) and
Fig. 1 (b)) and an upward offset gives an identical
relative position of the image where the offset is
downward for a right target and a left reference (Fig.
2 (b) and Fig.1 (a)). That is, in our visual field
there would be two comparable images irrespective
of which bar is the target and which one is the refer-
ence. The criterion for such comparison is the posi-
tion relativity of the vernier segments in their spatial
configuration.

Reference line

Target line

(a) Downward offset direction

Reference line

(b) Upward offset direction

Fig.1. Position relativity of the segments of a horizontal vernier
stimulus comprised of a right target and a left reference

Reference line

Target fine

(a) Downward offset direction

Target line

Reference line

(b) Upward offset direction

Fig.2. Position relativity of the segments of a horizontal vernier
stimulus comprised of a left target and a right reference
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However, any stimulus gives rise to a distributed pat-
tern of light on the retina, and it is from such a dis-
tribution that the visual system must determine the
nature of the stimulus. So, a general and basic ques-
tion is : what particular features of the vernier stimu-

lus are being located by the visual system?

Looking for answers into the literature

Scientists have tried to answer the question from a
number of views. For example, Geisler proposed an
ideal observer model which predicts that vernier acu-
ity improves proportionally with the square root of
stimulus energy (Geisler, 1984; Geisler & Davila,
1985). If neural mechanisms can integrate spatial in-
formation perfectly, measurements from a real ob-
server should parallel those of the ideal observer
(Cohn, 1990). Some of their efforts have explained
vernier or hyperacuities (a spatial localization task)
for a closely spaced (abutting) target feature as to rely
on contrast sensitive spatial filter mechanisms (Wil-
son, 1986, 1991). According to their model, the re-
sponses of an appropriate class of spatial filters rep-
resents the vernier target as a point in complex space,
which has dimensions such as orientation, spatial fre-
quency, and contrast. The location of this point is
then compared to a reference point in the same N-
dimensional space based either on an internal norm,
or a normative value established from the filter re-
sponses to a set of null (zero-offset) stimuli. A non-
zero value from this comparison process indicates the
presence of vernier offset. The role of contrast in
spatial-position perception has been supported by
several other studies too (Fendick & Swindalel1994;
Watt & Morgan, 1983 ; Wehrhahn & Westheimer,
1990; Westheimer & Pettet, 1990). Westheimer and
Pettet (1990), for example, showed that both vernier
and stereoacuity thresholds decreased with increasing
contrast, but the stereo function was shifled as

though the effective contrast for stereo were half the

contrast for the vernier configuration,

Vernier acuities for widely separated (non-abutting)
target feature usually have been attributed to local-
sign mechanisms responsive to differences in stimu-
lation of individual receptive fields (Wang & Levi,
1994). This theory explains that each point or direc-
tion in the visual field can uniquely activate only one
point on the retina. This activated retinal point may
serve as an internal position or direction tag, and is
called a local sign. To achieve hyperacuity, the visual
system may average the positions of local signs
along the length of a spatial feature to minimize the
uncertainty created by the structure of the visual sys-
tem (Wang & Levi, 1994). Local mechanisms seem
to be involved in hyperacuities for bisection and ver-
nier alignment of stationary patterns, where the com-
ponent features must be separated by no more than a
few minutes of arc. McKee, Welch, Taylor and
Bowne (1990) and Westheimer and McKee (1979)
suggested that spatial position is an essentially local
property, encoded by visual mechanisms tagged with
local signs of retinal position. McKee et al. (1990)
acknowledged that optimal acuities for binocular dis-
parity and relative motion require a spatial reference
feature, and they suggested that such cues may serve
to eliminate positional uncertainty caused by eye
movements. Watt, Morgan and Wardt (1983) showed
that location is assigned to some widespread property
of a retinal light distribution rather than a local fea-
ture but they could not rule out the possibility of us-
ing perceived edges or boundaries as the position cue
in a vernier acuity task. After demonstrating the per-
ceived location of such an edge cue as a function of
the whole light distribution they concluded that the
position of a bar is determined by its edges if avail-
able and by some total measure of centrality in the
retinal light distribution if no edges are available
(Wau et al., 1983).
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It has been demonstrated that improvements with
practice on tasks such as vernier acuity and texture
discrimination are highly specific for retinal locus,
stimulus orientation, size and the trained eye (e.g.,
Ahissar & Hochstein, 1993, 1996; Gilbert, 1994;
Kami & Sagi, 1991; Schoups, Vogels, & Orban,
1995). There are some experiments showing little
transfer of vernier improvements when changing the
target in its orientation or position or is presented to
the untrained eye (Fahle, 1994 ; Fahle & Edelman,
1993 ; Poggio, Fahle, & Edelman, 1992). A few re-
cent behavioral studies tell the same story that per-
ceptual learning can be highly specific to the trained
stimulus features like retinotopic location (Crist, Ka-
padia, Westheimer, & Gilbert, 1997 ; Watanabe,
Nanez, Koyama, Mukai, Liederman, & Sasaki, 2002),
visual orientation (Schoups, Vogels, Qian, & Orban,
2001) and direction (Watanabe et al., 2002). Such
specificity has been also observed for stimulus con-
text and configuration learned during training. For
example, training on a three-line bisection task does
not transfer to a vernier discrimination task the visual
field, trained position and orientation being the same.
Hyperacuity learning with line stimulus does not
transfer to a hyperacuity task composed of dots (Pog-
gio et al.,, 1992). The lack of transfer, however, has
been taken as evidence that learning might be medi-
ated by cells in the primary visual cortex (Fahle,
2005, Watanabe et al., 2002). That is, all the speci-
ficities undoubtedly refer to the corresponding cellu-
lar changes in the early visual cortex thus indicating
the involvement of neural mechanisms in the process.
Saarinen and Levi (1995) revealed a close correspon-
dence between improvement in vernier acuity and a
specific narrowing and downward translation of the
orientation tuning curve. Their results implied that
neural plasticity in the early visual pathway is a pos-
sible key mechanism for perceptual learning of ver-
nier acuity (Kirkwood. Rioult, & Bear, 1996;
Saarinen & Levi. 1995). The past studies have

shown that orientation and spatial frequency tuning
are two of the most prominent features of neuronal
selectivity in V1, the primary visual cortex (De
Valois & De Valois, 1990). The receptive fields of
neurons with different orientation preferences and
slightly differing receptive field positions are clearly
able to discriminate between a straight vernier and an
offset one, or between an offset 1o the left and an
offset to the right {cf., Wilson, 1986). Perceptual
learning relies on an improvement in processing by
the neurons in area 17 best suited to discriminate
between vernier offsets in opposite directions (Poggio
et al., 1992). In such discrimination a higher cortical
level may also involve. The dependence of learning
on attention and error feedback (although there are
some exceptions) proves the importance of top-down
influences from higher cortical centers. As Fahle
(2004) reported, the neurons on higher levels of
processing may use more complex features to dis-
criminate vernier offsets 1o the right from those to
the left. Through training they would learn which in-
put neurons on preceding or lower levels of cortical
processing are best suited to discriminate between
those two classes of neurons. Learning would consist,
at least partly, in assuring a higher impact of these
neurons on the discriminating neurons in the higher
level and, hence, in changing the receptive fields of
these neurons in a task-specific way (Fahle, 2004). In
short, the discrimination of a leftward vernier offset
from a rightward one is done by the neurons in pri-

mary visual cortex under top-down control.

As we have seen above scientists in the last several
decades have investigated a variety of stimulus fac-
tors underlying visual spatial perception. These fac-
tors include stimulus size, edges, orientation, retinal
locus, spatial frequency, context and contrast etc. All
the researchers have demonstrated a common fact
that the changes that occur as a result of training in

cortical cells are specific to the stimulus features,
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They have undoubtedly made significant contribu-
tions in the said area of perception. However, the sci-
entists know what they know but there may be things
that they don’t know. That is, there may remain
some unresolved issues despite their land mark con-
tributions. For example, they never tried or even
thought to explore the effect of position relativity of
the image features on visual spatial judgment. That is,
the question of position relativity of the vernier seg-
ments has been attacked neither experimentally nor
theoretically till today. It is, therefore, necessary to
address the issue experimentally that will advance
our understanding of the visual processing of spatial
objects. However, in this review we would like to be
confined to displaying our own hypothetical views

on position relativity issue of visual spatial process-

ing.

Our views on position relativity issue:
importance and possibilities

Stimulus context plays a vital role in processing vis-
ual images. The importance of context has been dem-
onstrated in several studies. A neuron’s response to a
given stimulus depends not only on the parts of the
stimulus within the classical receptive field but on
the context too(Herzog, Schmonsees, & Fahle, 2003).
The contextual influences play a central role in the
process of integration of information from different
parts of a scene (Gilbert, 1998). In learning experi-
ment context can be introduced in a variety of ways.
Every different kind of stimulus, in fact, may serve
as a particular context and in psychophysical experi-
ments contextual difference can be introduced by
simply changing any local features of the visual im-
age. So, like other local features of a visual image
position relativity may also be important for visual
processing. As mentioned earlier visual spatial acuity
is finer for horizontal and vertical stimuli than for
oblique stimuli (Furmanski & Engel, 2000: Li et al..

2003) and so is for vertical stimuli than for horizontal
stimuli (Skrandies et al., 2001). This indicates the
neural preference for a particular kind of stimulus
oricntation. This orientation preference has been at-
tributed to the everyday fact that we experience more
vertical and horizontal than oblique stimuli and more
vertical than horizontal stimuli causing differences in
sensitivity (Gregory, 1997). We think that such pref-
erence may also occur for a particular stimulus con-
figuration thus creating sensitivity difference to the
vernier images of opposite target position in the same
orientation. In addition, as the two opposite vernier
targets have relative positional difference in the spa-
tial configuration there is a possibility of learning
specificity because a vernier target lying below the
reference gives a context different from the context
given by a vernier target lying above the reference.
That is, perceptual learning with upper vernier target
may not transfer to lower vernier target or vice versa.
Similar arguments can be given for vertical and other
tilted vernier images. This argument gets indirect
support from the evidence that perceptual learning is
context specific (Poggio et al., 1992) and that the pri-
mary visual cortex may modify its input signals in a
stimulus or task-specific way under top-down control
(Fahle, 2004). Although Poggio et al. (1992) intro-
duced completely different kinds of task or stimulus
as the contexts in their study our argument is that
context can be introduced within the same kind of
task just by changing some stimulus features such as
position relativity in this case.

Another argument is that the atention paid to the im-
age features’one relative position may be stronger
than to another as per learning or experience in early
development. As a consequence, spatial judgment
(vernier acuity) for one position relativity of the im-
age features may be more precise than for another.
The subjects need to be aware of and focus their at-

tention on a stimulus feature for that fealure to be
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perceived and learned (Ahissar & Hochstein, 1993)
although there are some exceptions (Watanabe et al.,
2001). The various influences on receptive field
properties interact with attentional mechanisms and
attention can have a stronger effect on contextual in-
fluences than on the target stimuli themselves (Ito,
Westheimer, & Gilbert, 1996). These effects are re-
flected in the activity of neurons in V1 (Ito & Gilbert,
1997). However, attention to spatial position and
higher order representations of vernier image may be
fed back toward cortical areas processing the incom-
ing sensory input. Although receptive fields in higher
level (for example, in area V4) are larger, and would
be expected to carry less specificity about spatial po-
sition, it is possible to effectively reduce receptive
field size by attention (Moran & Desimone, 1985). It
is clear from psychophysical studies that discrimina-
tion of simple attributes is influenced by atiention to
stimulus position and that interpretation of form is
influenced by anticipation of stimulus configuration
(Gilbert, 1998). Moreover, a fundamental feature of
the anatomy of cortical pathways is a feedback of in-
formation from higher order cortical areas to areas
that are closer to the input from the periphery. It is
likely, therefore, that one would influence the re-
sponse properties of cells at early stages in sensory
pathways by attention.

The primary visual cortex (V1) has the smallest re-
ceptive fields, most highly organized visuotopic maps,
and sharpest orientation selectivity (Crist et al., 1997).
Furthermore, the smallest area of retinal illumination
from an easily visible point of light has a diameter of
several arcmin, stimulating a dozen or so neighboring
photoreceptors. As a consequence, a small change in
location of the target may produce widespread
changes in the relative stimulation of neighboring
photoreceptors and neurons. This leads to the as-
sumption that two different groups of neurons are

tuned if subjects are exposed to two comparable po-

sitions of the vernier target in relation to its reference.
Yes, depending on eccentricity from the fovea there
may be some neurons common to making these dif-
ferential responses. However, two comparable vernier
images as we showed earlier have many identical lo-
cal features such as orientation, edges, offset size,
gap size etc. But, they must differ in position relativ-
ity in their spatial configuration and this may send
different kinds of messages to the cortical processing.
In this situation, some neurons may prefer to respond
only to a particular kind of vernier configuration
whereas other neurons to other kind of configuration.
If this is the case their response strength may also be
different depending on their early experience or at-
tention. Thinking along this line we would like to as-
sume that perception and or perceptual learning of
vernier acuity may vary as a function of image fea-
tures’position relativity and accordingly be specific to
that stimulus configuration.

Some scientists have plainly stated that V1 neurons
are best suited to discriminate between vernier offsets
in opposite directions. For example, for vertical ver-
nier stimuli neurons can discriminate between an off-
set to the left and an offset to the right (Fahle, 2004;
Poggio et al.,, 1992). Our argument here is that such
discrimination may depend on the position relativity
of the stimulus segments or on the relative configura-
tion rather than on offset direction. That is, we prefer
to call it responding to position relativity in the spa-
tial configuration rather than to offset direction be-
cause the target feature itself has no direction at all.
Yes, in the sense that the reference feature’s position
is constant and the target feature is changed leftward
or rightward the concept of offset direction is accept-
able but in behavioral terms or in terms of response
selectivity the term position relativity of the features
is more appropriate. Because, response selection is
not made solely on the basis of the target feature
rather selection depends on the relative position of
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the target and reference features. So, the point should
not be concerning offset direction rather it should be
concerning position relativity of the image features
and this argument may be true at least for still ver-

nier targets.

For a target located within the receptive field of a
simple cell, changes in target contrast, orientation
and position can all produce equivalent changes in
the cell’s response. If spatial performance can be as-
sociated with upper-lower visual field location having
no corresponding functional difference in the brain
why not the position relativity difference in such per-
formance? The position relativity concept as we in-
troduced earlier in this paper has a particular gap ori-
entation which may give important information for
the line-alignment task. The argument is that cortical
neurons respond not only to the bars but also to the
gap between them. While comparing the positions of
the bars the subject’s attention may be focused on
the ending point (position) of one bar and starting
point (position) of another bar. If we connect these
two points by some straight line the orientation of
that line for one position relativity will be different
from its opposite position relativity. That is, we want
to mean that by focusing attention on the points of
comparison the subject will form an imaginary line
in between the comparison bars and the orientation
of this imaginary line will indicate whether the com-
parison bars are aligned or misaligned. If the imagi-
nary line is collinear with the comparison two a non-
offset response will be delivered otherwise an offset
response will be made by the subject. Although the
two comparable vernier images are iso-oriented the
disparity in their gap orientation and or relative posi-
tion may make difference in neural tuning or re-
sponse selection. Neural mechanisms are able to inte-
grate spatial information but it may not be equal for
the two comparable positions especially for widely
separated vernier features having asymmetry in gap

orientation because neural response is influenced by

its preference, attention and or early experience elc.

Our final argument is also a neural one. Vemier
acuities for widely separated (non-abutting) target fea-
ure can be attributed to local-sign mechanisms re-
sponsive to differences in stimulation of individual
receptive fields (Wang & Levi, 1994). The precision
of the local sign may be influenced by neural experi-
ence during early development. As the activity of
most neurons are more strongly modulated by posi-
tional difference than by orientation difference (Nel-
son, Kato, & Bishop, 1977) there may be correspond-
ing dissimilarity in perceptual performance for the
two vernier targets that have asymmetry in position
relativity in the spatial configuration. Scientists have
revealed the fact that receptive field properties, most
notably visual topography and receptive field size,
can be influenced by visual experience throughout
life (Crist et al., 1997). That visual experience can
change receptive filed properties in the primary vis-
ual cortex leading to the possibility that a group of
cells develops preference for the image’s one relative
position but not for another. That is, some people
may have preference for a vernier image comprised
of an upper left line and a lower right line while oth-
ers may have preference for a vernier image of an
upper right line and a lower left line. Although adult
cerebral cortex has been proved to be considerably
dynamic the amount of plasticity and readiness for
evoking learning processes is significantly greater
during early development. During early development
some neurons may be functionally enhanced and oth-
ers be deprived. As a consequence some neurons
may become dominant over others showing disparity
in response strength.

Conclusion

Because we see the world with our eyes visual per-
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ception plays a central role in our daily activities and
working life as well. We have very powerful visual
perceptual learning with many surprising properties.
Those properties have a long history of investigation,
However, in order to understand those properties we
raised a basic question on visual spatial processing.
Reviewing meticulously the studies so far done and
documented on visual psychophysics and visual neu-
rology in the recent past we find some answers but
not all. For example, scientists have demonstrated
that improvements with practice on tasks such as ver-
nier acuity and texture discrimination are highly spe-
cific for retinal locus, stimulus orientation, size and
the trained eye (e.g., Ahissar & Hochstein, 1993,
1996; Gilbert, 1994 ; Karni & Sagi, 1991; Schoups et
al, 1995). In addition with the role of these low
level features on visual processing we have intro-
duced here a novel concept : the concept of position
relativity and argued how this low level feature of a
visual image can influence response selectivity in a
visual spatial judgment task like vernier acuity. We
have explained that the presentation of an image
comprised of more than one component feature may
give those stimulus segments different comparable
positions on the visual field. This position relativity
of the component features may be important for
processing the incoming information. This might be
especially true for visual spatial judgment where the
perceiving individual's task is to locate the position
of an image segment in relation to another of the
same. We have argued that as a stimulus context po-
sition relativity of the image segments may have in-
fluence on visual spatial judgment and that this influ-
ence may be caused by attention, gap orientation and
or neural preferences developed during early devel-

opment.

This review is the first hypothetical thinking of the
position relativity effect on neural selection for visual

spatial judgment. It has not yet been explored or

thought to explore even after a great achievement in
vision research in the near few decades. So, a new
challenge for the vision scientists should be to inves-
tigate position relativity effect of the visual input
having two or more elements of varying positions in
the sensory map. As a first step of that effort we
would like to address this issue in our future empiri-
cal studies thus leaving it here with some explanatory
statements only.
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