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ena is not to have decided among all possible explana- 
tions. There are always alternative explanations (or 
unconsidered factors or confounding factors, depending 
on how you look at them). Here we mention two of some 
interest. 

(Alternative 1) Sparse first layer rather than a 
traditional linear .filter. We have been assuming that 
there is such a dense set of neurons as part of the first filter 
that its output is effectively continuous (as in the second 
row of Fig. 6). Perhaps, however, the second filter of a 
particular complex channel only collects outputs from a 
small number of first-stage receptive fields, perhaps only 
a few in a line parallel to the main orientation of the first- 
stage receptive fields. Thus, when increasing the diameter 
of circularly symmetric Gabor patches (as in our 
experiments), the stimulation to the second stage would 
not be increasing in proportion to the patches' area but 
only in proportion to its linear dimension (the length of 
bar). To test this particular kind of sparse sampling one 
could run experiments varying only one dimension of the 
Gabor patches. 

In another variety of sparse sampling, the first-stage 
fields might be scattered about incoherently (out of phase 
with one another). 

(Alternative 2) Dynamics interactions. Complex chan- 
nels (second-order mechanisms, collector units, etc.) 
were presented here as rather hard-wired or, at least, 
nothing was said about their not being hard-wired. In the 
current literature, the main alternative to complex 
channels and their relatives is an appeal to in-place 
dynamic interactions occurring between spatially sepa- 
rated neurons (e.g. the "impletion" process of Caelli, 
1985; the "association field" of Field, Hayes, & Hess, 
1993; the active reentrant connections of Sporns, Tonini, 
& Edelman, 1991; the in-place spatial interactions of 
Polat & Sagi, 1993, 1994). Such dynamic interactions 
have been studied for visual neurons (e.g. Gilbert, 1994), 
but their status as an explanation for experiments like 
these is unclear. In many cases, at least, they will act just 
like hard-wired entities and so cannot be distinguished 
for the purposes of explaining these experiments. How- 
ever, they certainly represent an interesting possibility. 

Relation to previous studies of  intermediate nonlinearity 
in complex channels 

Previous to this current study we (and others) had often 
assumed that the intermediate nonlinearity in complex 
(non-Fourier, second-order) texture channels was piece- 
wise linear (sometimes only by casually drawing 
piecewise-linear functions on the diagram) although this 
assumption has usually had little effect on the predictions 
of interest (Graham, 1991; Graham et al., 1992, 1993, 
1996; Sperling et al., 1994; Wilson, 1993). 

On a number of other occasions, expansive functions 
had been assumed instead. Lin & Wilson (1996) used an 
expansive function (a power of 2) in their model of non- 
Fourier channels for pattern discrimination, although 
again this assumption apparently had little effect. 
Solomon & Speding (1994) also used an expansive 

function (a power of 2), which was necessary in their 
study to ensure that certain stimuli were detected only by 
half-wave mechanisms of the appropriate polarity (see 
also Solomon, Sperling, & Chubb, 1993). An expansive 
function (either a fourth power or a linear function with a 
threshold) was also used by Victor & Conte (1989, 1991, 
1996) in their texture model, and they do provide some 
evidence for the necessity of the expansiveness (e.g. 
1991, p. 1484). Their studies are primarily of visual 
evoked potential in response to alternations among 
certain classes of texture (occasionally compared to 
formal psychophysics), so its generalizability to per- 
ceived texture segregation is not indubitable but 
suggestive. Another recent report is at least consistent 
with the suggestion of an expansive intermediate 
nonlinearity: Landy (1996) reported that discrimination 
between textures differing in second-order contrast 
shows a dipper-shaped contrast discrimination function 
like that found in ordinary (first-order) contrast discri- 
mination with sinusoidal gratings, and he suggested that 
the same explanations (subthreshold summation, an 
expansive nonlinearity, or reduction of uncertainty) 
might apply to second-order as are often applied to 
first-order dippers. Given the nature of the textures used 
here, the expansive nonlinearity at the intermediate stage 
in complex channels would predict the dipper. 

In short, the results reported here, which demonstrate 
that the intermediate nonlinearity in the complex 
channels is expansive and well described by a power 
function with an exponent of 3 or 4 (within the contrast 
range studied, of course), are consistent with the little 
information that has been available before about the 
intermediate nonlinearity in complex channels like those 
of Fig. 1 (i.e., those in which the second stage collects 
from receptive fields of like shape but different position). 
Note that we are explicitly NOT discussing what were 
called "higher-order" mechanisms in the Introduction. 
The intermediate nonlinearity there may be quite 
different. 

Half- versus full-wave intermediate nonlinearities. A 
related question is whether the intermediate pointwise 
nonlinearity is of the half-wave or full-wave type. The 
power function in equation (1) and those sketched in the 
intermediate nonlinearity box of Fig. 1 are of the full- 
wave type. A power function of the positive half-wave 
type is zero for all inputs below zero: 

g(x,y)  = a .  ] f (x,y) l  k for f ( x , y )  > 0 (6) 
= 0 otherwise 

In a power function of the negative half-wave type the 
non-zero outputs g occur for negative values of input f. 
Our results here are consistent with either full- or half- 
wave functions (Part IH of Appendix I). 

Previous evidence suggests that most observers have 
both half-wave and full-wave mechanisms active in some 
kinds of texture perception (Malik & Perona, 1990; 
Sperling, Chubb, Solomon, & Lu, 1994; Solomon & 
Sperling, 1994) but that the half-wave ones do not 
support as many perceptual effects---e.g, second-order 














