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b�tract-Size-s alcd random Gaus ·ian blobs were used 10 detennine the range of pattern mar ·hing 
, lved in human perception of mirror symmetry and to evaluate the relative sen it1vity of local (linear 
. ·epuve field) or long-range (polarity-insensitive pattern-matching) mechanisms as a function of rctinnl 

t .• entricity. Observers were able 10 perform symmetric pattern matching with presentations honer 
•an 100 m a ross as much a 64 deg of vi ual angle. ensi1iv1ties to oppo ite-polarity ymmetry and
\!.-density patterns suggest 1hat this performance was mediated predominantly by polarily-in cnsitive

":'lechan1 ms al all ccccn1ricitie . The re ulls militate against a pa11ern-ma1ching process ba cd solely 
·n local processing and implicate 1he involvement of long-range connection· panning the visual cortex.
n111 ide the ovea, eccentricity .raling for all . ymmetry I ks was a close match 10 the self-scaling u ed
' r the stimuli in our exoeriment

I. INTROD CTION

'i ual ymmetry is of obvious importance to humans, as evidcncl:d hy the uhiquitou • 
cJ e of de ign symmetrie in craftsman hip and fabricated environment, from the 
Q lace . formal gardens and diadems of 1he past to the cars, computers and high
n e tructures of today. Detection of mirror-symmetric objects in the vi ual field may 
e adaptive to survival in the animal world, where recognition of predator and prey 

·ould be hased in part on discrimination of an animal'. bilateral ymmetry from the
_cnerally a ymmetric background flora. In particular, when an animal turn 10 face
he observing organism, seeing a meal or a male, ii displays its .ymmelry and becomes

perceptually salient. Human ymmelry Jetection has been well studied in the fo ca

Jule z. 1971; Corballi and Roldan, 1974; Bruce and Morten, 1975; Barlow and

Reeves. 1979; Jenkins, 1982), where it can be di criminated from noise in Jes than

100 m (Carmody er al., 1977; Barlow and Reeves, 1979; Tyler er al., 1995). The

rapidity of this processing uggests a local conical mechani m in an area such as V l,
supported by recent ncurophysiological evidence that c mplex cell. show specialized
responses to the medial axis of textured stimuli placed symmetrically in the receptive

field (Lee er al., 1995).
In other types of visual proce ing, notably motion perception, eparate mecha

nisms for short-range and long-range pauern mat hing have been identified (Braddick, 
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1974; Larsen er al., 1983, Ledgeway and Smith, 1994; Smith , 1994; Solomon and 

Sperling, 1995). The short-range mechanisms are typically identified as first-order or 
pattern-specific (possibly mediated by the approximately linear or first-order response 

properties of simple-cell signals), whereas the long-range mechanisms typically show 
the second-order propeny of a relative independence from pattern detail and con
trast polarity in the stimulus (possibly mediated by the rectified response properties 
of complex-cell signals). Most studies of symmetry detection in both the fovea and 
periphery have investigated its dependence on short-range mechanisms only (Mach, 

I 886: Julesz, 1971; Barlow and Reeves, 1979; Kahn and Foster, 198 I; Jenkins, 1982; 
Saarinen, 1988; Locher and Nodine, 1989; Herbert and Humphrey, 1993; Wenderoth, 

1995), implicating local, pattern-specific mechanisms. The discovery of a complex
cell signal at the symmetry axis (Lee et al., 1995) makes it important to evaluate the 
role and extent of long-range mechanisms in symmetry detection. 

We therefore designed experiments to determine the range of pattern matching in

volved in human perception of mirror symmetry and to evaluate the extent to which lo

cal (linear receptive field) or long-range (second-order pattern-matching) mechanisms 

were involved as a function of retinal eccentricity. The role of first· and second-order 
pattern-processing mechanisms in symmetry detection performance for these stimuli 

was evaluated in two ways: by varying contrast polarity of symmetric elements and 
by varying density of patterns. First-order pattern matching is, by definition, polarity
specific; a comparison between similar elements of opposite polarity will produce a 

negative response in a first-order mechanism and be rejected as a match. A good 
example is provided by cortical binocular cells, which show enhanced response only 

for stimuli of the same polarity in both eyes. Strictly, therefore, any ability to detect 
symmetry for opposite-polarity stimuli implies the presence of a polarity-insensitive 
or second-order mechanism. 

However, this strong interpretation of first-order exclusion relies on the assumption 

of absolute position specification. If the position of a modulated pattern has somt: 
uncertainty, an adequate first-order match may be obtained from adjacent components 

of the response that happen to be of opposite polarity. When the opposite-polarity 
manipulation nf the stimulus switches the components to the same polarity, the com
ponents in roughly corresponding positions in the image may be sufficient to produce 
a match in a first-order mechanism. To evaluate this possibility, we included a manip
ulation of the pattern density within the uniform grey background. When the density 

of black and white blobs around uniform grey is manipulated from 100% to 10% 

(Fig. I (a) and (b)), lirst-order (linear) and second-order (phase-insensitive) mecha
nisms would be expected to respond differently. A high-density pattern (Fig. l(a), 
left) should stimulate more first-order processing units than a low-density pattern 
(Fig. I (a), right), by virtue of the increased number of visible elements. If lirst-order 
processing predominates, the predicted result (Fig. I (c ), left) is a greater sensitivity 

to the high-density pattern even if there were positional uncertainty in the first-order 

matching process. 
The response of second-order mechanisms, on the other hand, is renected in the 

(rectified) contrast envelope of the blob pattern. The contrast envelope is modulated 
only a little in a high-density pattern (Fig. I (b), left) whereas its amplitude goes all 
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f"agure 1. Predictions of first- and second-order mechanism responses to high- and low-density patterns . 
. Examples of the horizontal (left icons) and vertical (right icons) quadrant annuli stimuli at 100% (left 

- nel) and JO% (right panel) blob densities. (b) Typical rectified energy profiles for I 00% (left) and JO%
,.,ght) blob densities. (c) Qualitative predictions for the relative sensitivity relationships for high- and 

-density stimuli for predominantly first-order (left panel), predominantly second-order (centre panel) 
-" --�1bincd (right panel) symmetry-processing mechanisms. 

he way from maximum to zero in a low-density pattern (Fig. 1 (b), right). The coun

iefintuitive prediction for predominant second-order processing (c, center), therefore, 

1tmld be a greater sensitivity to the low-density pattern due to its greater modulation 

f the overall contrast envelope compared to that in a high-density pattern. If both 

�-pes of mechanism are present, the most sensitive mechanism is expected to pre

dominate (Fig. 1 (c), right). Thus, the relationship between sensitivities for the high

�d low-density pattern provides a second assay of the relative role of the first- and 

.econd-order mechanisms in the pattern matching processes of symmetry perception. 

:_ METHODS 

The test patterns consisted of Gaussian blobs coloured randomly either black or white, 

reflected bilaterally, with the same or opposite color, about a vertical axis. The blobs 
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were generated b} random modulation of pixel density in a Gaussian distribution. T< 
compensate for the rapid fall-off of spatial frequency resolution in the periphery, Uh 
test images were scaled m both element size and aperture size with eccentricity. T, 
avoid an a priori Judgment of the retinocortical scaling factor involved in this las.• 
we employed a self-scaling image configuration (Tyler and Apkarian, I 982; Watsoo 
1987) in which the image was scaled in direct proportion lo its eccentricity simp 
by changing the viewing distance of the observer from the display. The applica-

hle retinocortical scaling factor may then be evaluated from the residual sensitiv11' 
vanations with stimulus eccentricity. The resulting stimulus consisted of bilateral! 
reflected, randomly-coloured blobs scaled in proportion to distance from the fovea. 
with their diameter doubled from the inner to the outer border of a sector, as shown p 

exploded view in Fig. 2 (offset and overlaid). For each doubling of eccentricity, the 
blobs were scaled to cover twice the distance on the retina, permitting a comparisor; 
of local scale al points across the retina. The annuli were windowed into opposin,, 

90 deg quadrants of either a vertical (Fig. 2(a)) or horizontal (Fig. 2(b)) pair. � 
vertical quadrant annulus presented patterns with a local vertical symmetry axis vis
ible, whereas horizontal sectors presented widely separated symmetric regions witb 
no information near the symmetry axis. Random dynamic noise blobs were presente.; 
during pre- and post-test periods of the 2 s stimulus interval to obliterate processin! 

of the symmetry based on afterimages of the test stimuli. 
The pairs of quadrant annuli were presented al 6 viewing distances to cover et

centricities on the retina of 1-2 deg, 2-4 deg, 4-8 deg, 8-16 deg. 16-32 deg ana 
32-64 deg; al the greatest eccentricity, pairs spanned 128 deg of visual angle or a
mean eccentricity of 90 deg. Additional eccentricities of 0.25-0.5 deg and 0.5-1 deg 

(a) (b) 

Figun: 2. Pairs of quadrant annular sectors presen11ng the random-blob stimuli used for 1es1ing symmetry 
discrimination with size-scaling as a function of cccen1rici1y. (a) Venical sectors containing the symmetry 
axis. (bl Horizontal sectors requiring pauern matching between the pairs to ex1rac1 the symmc1ry infor
mation. Each pair of sectors is offset laterally or vertically from its neighbors 10 provide a clearer view 
of the individual shapes. 



Minor symmetry detection 161 

•rt:re presented to one observer to evaluate foveal sensitivity. In each testing condition,
lher vertical (Fig. 2(a)) or horizontal (Fig. 2(b)) sector pairs were selected. with the

:-mtaining quadrants masked to match the mean-luminance background. Patterns of 
)% density were also generated (Fig. 1 (a) right), in which 90% of the blobs were set 

lhe mean-luminance background. The stimuli were generated on a Macintosh Ilfx 
1th a Motorola 68030 CPU and presented on a monochrome monitor for durations 

U)'ing in increments of 15 ms, from 30 ms to 1800 ms. 
Measurements were taken by the method of constant stimuli with durations separated 

... intervals of about 0.5 octaves chosen to span a range of performance levels from 
level of below 60% to above 90% correct. There were blocks of 150 trials per 

_uration, and observers were instructed to identify symmetry with a 'yes' response 
nd asymmetry (random blobs) with a 'no' response. 

J. RESUI.:fS

3 I. Psycliomerric jimctions 

Psychometric functions for same-polarity symmetry detection (Fig. 3) for the two 
observers were unusual and did not resemble the psychometric functions typical of 
contrast sensitivity studies (Nachmias and Kocher, 1970: Stromeyer and Klein, 1975: 
Foley and Legge. 1981 ). Vertical or horizontal sector pairs were presented at 100% 
density; data for 3 eccentricities are plotted. For both vertical sectors (upper panel) 
and horizontal sectors (lower panel), observers' sensitivity increased rapidly with 
duration up to about 75 ms, and then often increased at a markedly slower rate. The 
segmented properties of these psychometric functions are significant in revealing the 
contributions of discrete mechanisms at shorter and longer durations (Ty !er et al., 
1995). With the scaling depicted in Fig. 2, the psychometric functions are similar 
across the visual field, suggesting little change in the cortical processing properties 
with eccentricity beyond that implied by the self-scaling of the stimuli. 

Opposite-polarity symmetry elicited similar psychometric functions (Fig. 4) from 
both observers. Vertical (top panels) or horizontal (bottom panels) were presented 
al 100% density, and data for 3 representative eccentricities are shown. For both 
vertical and horizontal sectors, observers' sensitivity again increased rapidly for short 
durations, then increased at a much lower rate. As with same-polarity symmetry 
detection, the psychometric functions suggest the presence of discrete mechanisms at 
shorter and longer durations and little change in properties with eccentricity. 

3.2. Eccentricity variation for same-polarity symmetry 

Sensitivity was estimated from the psychometric functions as the reciprocal of dura
tion required to reach a threshold criterion of d' = 0.5 (well above the theoretical 
standard deviation of 0.2 for 150 trials per datum point). The criterion is shown as 
the dashed line in Figs 3 and 4. This low criterion for threshold was selected in order 
to stay within the steep portion of the psychometric function (see Fig. 5), resulting in 
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Figure J. Psychometric functions for same-polarity symmetry discrimination across eccentricity. The 

psychometric functions from two naive observers show log ,J' as a function of dura1ion in log ms. Data 
from three representative eccentricities arc presented: 1-2 deg, 4-8 deg and 32-64 deg. For durations 
below about 75 ms, functions show a steep slope of about 4 (dashed line in first panel). The slope becomes 
shallower at longer durations. Shapes of the psychometric functions are quite similar across ccccntricit) 
with minor differences seen at higher J1 values. A threshold criterion of d' = 0.5 (horizontal dashed line 
in all panels) was chosen on the steepest portion of the psychometric function to minimize variability 
the detection onolysis. 
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Figure 4. Psychometric functions for opposite-polarity symmetry discrimination across eccentricity 
the same format as Fig. 3. For durations below about 75 ms for the vertil·al conditions, longer f 
the horizontal conditions, functions show n steep slope of about 4 (dashed line in first panel) becomi1 
shallower at longer durations. Shapes of the psychometric functions are similar across eccentricity, wi 
minor differences seen at higher d' values. The threshold criterion of d' = 0.5 (horizontal dashed line 
all panels} targets the steepest portion of the psychometric functions, as in Fig. 3. 
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substantiall� variability m estimate of sensitivity than if the criterion encroaco:i. 
into the shallow portion. at higher d' values. 

Sensitivities detection of same-polarity symmetry at two pattern densitie) 
vertical and horizontal sector pairs are shown in Fig. 5 for eccentricities ranging fro
fovea to extreme periphery. The principal result for both observers is that, un 
the self-scalmg regime, duration sensitivity for both horizontal and vertical sectors 
essentiaJly uniform across eccentricity for stimuli outside the fovea, implying that 
self-similar scaling matched within a factor of about ±v'2 the cortical scaling fa 
for this task. The slopes of the eccentricity functions are not significantly differe3 
from zero for any condition (at the criterion of p < 0.08 after correction for multir 

tests). 
Within the fovea (eccentricities less than 2 deg), sensitivity was measured for 

tical same-polarity stimuli for the l 00% density condition for observer NF onJ 
sensitivity dropped by about a factor of two toward the central fovea. To evall! 
ate how this drop compared with the prediction from cortical magnification stud1� 

we plot the sensitivity predictions for cortical magnification from Klein and Le-1 
( 1987) (Fig. 5, observer NF, solid curves). The two curves represent the steer 
est average scaling for a positional acuity task (upper curve) and the shallow 
average prediction for a resolution task (lower curve) that they reported. (Nott 
that the steeper scaling falls closest to the complete self-scaling employed for 
stimuli.) The data fall closer to self-scaling even than the resolution-task pred1�
tion. implying that cortical magnification for symmetry detection is at least as stee
as for the steepest magnification for any positional acuity task (Klein and Le,'1. 

1987), i.e. symmetry scaling is essentially self-scaling beyond about 2 de)! eccer, 
tricity. 

For both vertical sectors. which contain local symmetry-axis information, and hor

izontal sectors, which do not, sensitivity was significantly higher for the low-densi 
patterns than for the high-density ones (p < 0.01, combined across observers). Ac 
cording to the prediction of Fig. J(c), this relationship implies that the long-rangt. 
symmetrical pattern matching, which requires comparisons over approximately 90 de� 
of visual angle at the extreme eccentricity, is mediated predominantly by second-ord 
(polarity-insensitive) mechanisms of pattern-matching. Thus, even when the symme
try axis was present (vertical sectors), the observers appeared to rely on second-ordei 
mechanisms to detect the symmetry. The similarity of sensitivities for low- and high

density patterns nevertheless suggests substantial involvement of first-order mecha
nisms, although our current understanding of symmetry processing is insufficient 
allow quantitative predictions. 

It is noteworthy that, in the low-density condition, the observers were able to (11S· 
criminate symmetric from non-symmetric patterns for presentations of 75 ms or !es 
at any eccentricity. The same was true for many high-density stimuli, although one 
observer required up to 200 ms for stimuli away from the symmetry axis (horizontal 
condition, Fig. 5, tilled symbols). Sample low- and high-density stimuli are repro
duced in Fig. 6 for the reader lo compare the visibility of peripheral symmetry in the 

two cases. 
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figure 5. Sensitil'ities for same-polarity symmetry at two pallcrn densities in sector pairs a1 mean ec

�ntricities ranging from 0.3-45 deg. for two observers. Upper panels. discrimination of symmetry in

ertical sectors: lower panels. symmetry discrimination in horizontal sectors. Filled symhols: 100% hloh

density; open symhols. I 0% hloh density with grey ha<:kground. With the self-scaling depicted in Fig. I.

duration sensitivity for hoth ohservers is uniform ncross eccentricity ( ±0.1 log unit in each condition).

The slopes of the eccentricity functions from 3 deg to 45 deg show no change in sensitivity even in the

extreme periphery.
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• 

Figure o. hxamples of same-polarity symmetry. Note that, with fixation on the upper fixation dot, it ll 

hard to detect symmetry in the high-density pair, even with prolonged viewing. The symmetry of low

density pair, on the other hand, is immediately obvious on central fixation of the lower dot, illustratin2 

the ready long-range association between the laterally-flipped patterns. 

3.3. Eccentricity variation for opposite-polarity symmetry 

Since the density variation was designed to test for the presence of a polarity

independent processing for symmetry, we ask whether switching the stimuli to have 
opposite contrast polarity on either side of the symmetry axis has any effect on the 

detection the symmetry at any of the eccentricities tested. This manipulation should 

abolish processing by a polarity-specific mechanism Sensitivities for detection of 

opposite-polarity symmetry were therefore evaluated at the same criterion of d' = 0.5 

as for the same-polarity stimuli. Data for the two pattern densities in the vertical and 
horizontal sector pairs arc shown in Fig. 7 for eccentricities ranging from fovea to 
extreme periphery. Remarkably, the observers were again able to discriminate sym
metric from non-symmetric patterns of opposite polarity for presentations of 75 ms 
or less at any eccentricity when the patterns were of low density. For this density, 

there was no significant loss in sensitivity relative to the same-polarity condition, 
supporting the implication that symmetry detection in both conditions was mediated 

by a second-order mechanism. 
The same conclusion is implied by the effect of density variation on sensitivities 

for the opposite-polarity stimuli (Fig. 7). In general, duration sensitivity for high

density patterns was reduced by about a factor of two relative to the low-density 
conditions (significant at p < 0.0 I, with the exception of the vertical condition for 
observer NF). Thus, the sensitivity relationships corresponded to that predicted for 

a predominantly second-order task (center panel of Fig. I, lower). (Readers may 

compare for themselves the visibility of the opposite-polarity stimuli provided in 

Fig. 8 with that of the same-polarity stimuli of Fig. 6.) 
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Figure 7. Sensitivities for opposite-polarity symmetry at two pallern densities in sector pairs at eccen
tricities ranging from 1.4-45 deg, in same format as Fig. 5. Except in one condition, sensitivity is 
significantly greater for low-density pallerns (open symbols), at all eccentricities. High-density pallerns 
(ti lied symbols) reveal a foveal specialization for opposite-polarity symmetry near the symmetry axis: for 
both observers, there is a peak in sensitivity within 4 deg of the fovea for vertical annuli and a reciprocal 
reduction in sensitivity for horizontal annuli. 
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Figure 8. Examples of opposite-polarity symmetry in the same fomml as Fig. 6. Note that, with fixation 

on the upper fixation dot, ii is again quite difficult lo detect symmetry in the high-density pair. The 

symmetry of the low-density pair, on the other hand, sings out strongly during central fixation despite the 
polarity switch, illustrating the ready long-range association between the doubly-inverted pallerns. With 

alternating foveal inspection, on the other hand, one tends to associate blobs of the same polarity and pick 

out the approximate same-polarity match that is present by chance. Note also that, in the low-density pair, 

th,: polarity inversion of the symmetric clements is perceptually evident, supporting the interpretation that 
hoth second• and first-order mechanisms are operating in this long-range pallern-matching process. 

As seen in results for same-polarity stimuli, duration sensitivity for both observers 
for both horizontal and vertical sectors is essentially uniform across eccentricity for 
stimuli outside the fovea, again implying that the self-similar scaling closely matched 
the cortical scaling factor for this task. Between I deg and 64 deg in the pe
riphery, the slopes of the eccentricity functions are not significantly different from 
zero for any condition (at the criterion of p > 0.1 after correction for multiple 
tests). 

In addition, high-density patterns (filled symbols) reveal a perifoveal specializa

tion for opposite-polarity symmetry near the symmetry axis. For both observers, 
there is a significant peak in sensitivity for vertical sectors within 4 deg of the 
fovea. (Curiously, there is a second statistically significant peak for both observers 
at 35 deg eccentricity, but this is harder to interpret.) A reciprocal reduction in 
sensitivity appears near the fovea for horizontal sectors. There is, conversely, no 
significant variation with eccentricity for low-density stimuli. The perifoveal im
provement for dense vertical sectors is not unexpected, given the degree of foveal 
specialization that has often been reported (e.g. Rovamo and Virsu, 1979; Tyler, 

1986) but the relative loss in sensitivity for dense horizontal sectors suggests that 
some more specific processing change is occurring, as will be developed in Discus

ston. 
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DISCUSSION 

The results show that observers were able to perform symmetric pattern matching with 

"'resentations shorter than 75 ms across as much as 64 deg of visual angle. The effects 

( density manipulation suggest that this performance was mediated predominantly 
")' polarity-insensitive mechanisms at all eccentricities. The results militate against a 
,iattem-matching process based solely on local processing, such as classical receptive 
fields. and implicate the involvement of long-range connections in the cortex. Some 
neural system must be able to compare the form of unexpected stimulus patterns 
presented at as much as a 90 deg separation for temporally masked presentations of 

75 ms or less. Its precise nature remains a puzzle for future research, however. 

The foveal specialization seen in the data for 100% density, opposite-polarity stim

uli (Fig. 7) suggests an interesting hypothesis about early processing mechanisms. 
ll 1s well known that the periphery has poor phase discrimination (Rentschler anJ 
Treutwein, 1985; Klein and Tyler, 1986; Bennett and Banks, 1987; Bennell and 
Banks, 1991 ). Bennett and Banks ( 1991 ), in particular, provide eviJence that the 
periphery is limited to the representation of even-symmetric phase. Suppose, then, 

that the fovea alone had independent access to signals from odd-symmetric cellular 
mechanisms. Such signals would provide a first-order representation of the opposite
polarity symmetry around the symmetry axis, explaining the improvement for the 
I 00% density stimuli speci fie to vertical sectors when presented near the fovea. 

Horizontal sectors, on the other hand, always remain too far apart to provide a 

basis for processing by local first-order mechanisms. They were designed as a probe 
of long-range second-order processing for symmetry. The consistent advantage of 

the I 0% density stimuli for detection in horizontal sectors (Figs 5 and 7) bears out 
the second-order hypothesis. In this regard, it is remarkable that the detectability 
for opposite-polarity symmetry at low density over a long range is comparable to 
that of any other condition. Clearly, long-range processing is the dominant pattern

recognition process throughout much of the retina (as demonstrated in Fig. 8). How

ever, just where the short-range (paraxial, high-density) processing seems to be en
hanced for vertical sectors, the long-range processing is degraded (Fig. 7). Perhaps 

the same mechanisms that are segregated to provide the first-order phase information 

are removed from service in second-order (phase-insensitive) mechanisms. The low
density stimuli may be a poor probe for this change because the patches are sufficiently 

widely separated to provide an adequate second-order match even without the odd
symmetric contribution to a phase-invariant signal. High-density stimuli, on the other 

hand, are more demanding. in that loss of the odd-symmetric component will produce 

a local variation in the second-order envelope signal that can disrupt its match to that 
in the opposite patch. Thus, the reciprocal perifoveal effects for high-density vertical 

and horizontal sectors are consistent with a restriction of odd-symmetric mechanisms 
from contributing to second-order processing near the fovea. 

One issue that should be addressed is the difference between the form of the present 
results for high-density same-polarity stimuli and those for uniform random-dot stimuli 

in Tyler er al. ( 1995), in which the sensitivities showed a head, shoulders and skirts 
appearance as information was progressively removed from around the symmetry 
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axis. The main companson, accordingly, would be with the horizontal (axis omitte 
conditions near the fovea in the present study. The present stimuli differ in fou-
important respects. First. they are made of Gaussian blobs, so they constitute a lo\\
pass filtered version of the fine random dot stimuli of the earlier study. Second, the: 
are restricted to small, roughly homogeneous, retinal regions. Third, both the blC1" 
size and the region size is scaled with eccentricity. Finally, they go out to muc 
greater eccentricities. 

It is certainly not surprising that the eccentricity scaling would eliminate the dra
matic decline with eccentricity seen for the random-dot stimuli. The present dat.: 
thus support and amplify the earlier conclusion that sensitivity for static symmetl) 
extends far farther into the periphery than previously suggested. There is, however 
little evidence of any local specialization from the presence of discrete mechanism� 
across eccentricity in the high-density same-polarity conditions of Fig. 5 (except, per
haps for observer NF at JO deg). By limiting the stimulus elements to relative!) 
low-spatial-frequency blobs and constraining the area to a small patch, the presem 
stimuli may be expected to have focused on the sensitivity of one type of neural 
mechanism, eliminating the possibility of symmetry detection from either fine, local 
details or elongated features of fine filaments, for example. Thus, the two types of 
stimuli are not commensurate because they were designed to address different aspects 
or the neural processing of symmetry. 

5. CONCLUSION

The remarkable pattern-processing abilities revealed by symmetry discrimination across 
the entire range of visual eccentricity pose a challenge for models of cortical pattern 
recognition. Both first- and second-order mechanisms must be available to match up 
the symmetric information from one cortical hemisphere to the other on the basis of 
an extremely short stimulus presentation followed by a masking stimulus. This inter
pretation is not intended to imply that all symmetry processing is interhemispheric, 
merely that it happens to be interhemispheric for our particular stimulus configuration. 
The peak response evoked when the median axis of a textured strip is placed within 
the receptive tie Id of some complex cells in area VI (Lee et al .. 1995) could subserve 
a limited form of this long-range pattern-matching role. 
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