
Neural Symbolic Activity 

Visual inspection of a grating has a 
number of effects on subsequently seen 
test gratings of similar orientation. 
These effects include a change in the 
apparent spatial frequency of that test 
grating (1) and a decrease in its visibil- 
ity (2). Such findings have been attrib- 
uted to adaptation in specific classes of 
human sensory mechanisms. Recently, 
Weisstein claimed to have measured, in 
a similar experiment, the "neural rep- 
resentation in the visual system of the 
concept 'in back of'" (3). We have 
serious doubts about her claim and 
question that her findings support it. 

In the condition of Weisstein's experi- 
ment most critical to her interpreta- 
tion, a subject viewed a grating for 10 
seconds. The center section of that 
grating was obscured by a perspective 
drawing of a cube (4). After the grat- 
ing and cube were removed from view 
a small test disk was flashed in the re- 
gion of the visual field previously occu- 
pied by one face of the cube drawing 
and which, as a result, was free of grat- 
ing contours. The test disk contained 
several cycles of a grating similar in 
orientation and spatial frequency to 
that which had surrounded the cube 
in the adaptation field. Using a method 
resembling "magnitude estimation" (5), 
the subject made a numerical judgment 
of the apparent contrast of the grating 
within the test disk. This condition pro- 
duced a reduction in judged test con- 
trast. 

As Weisstein admits, the fact that the 
judged contrast of the test grating is re- 
duced, in the condition we have de- 
scribed, may actually have nothing 
whatever to do with the fact that it is 
presented in an area of the visual field 
which had contained an object in ap- 
parent depth. There is a critical con- 
trol condition that she neglected to test. 
In that condition the cube drawing 
would have been replaced by a gap in 
the grating, a gap which would not 
appear to lie in front of the grating 
plane. Weisstein acknowledges that "in 
order to test that activity in response 
to nongrating portions of the stimuli 
used in this experiment actually sym- 
bolizes 'in front of,' it must be shown 
that, with scenes in which gratings are 
simply interrupted, such as a picture 
of a grating with a hole in its middle, 
there is no adaptation effect." Such a 
control should have been tested before 
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publication of her report, because al- 
ready available data make it unlikely 
that her findings are at all relevant to 
her interesting and provocative specula- 
tions about "neural symbolic activity." 

We will consider two possible mech- 
anisms, either one of which could 
have mediated Weisstein's findings and 
neither one of which is related to 
"neural symbolic activity." The first 
involves the effects of eye movements 
during the adaptation period; the sec- 
ond mechanism does not involve eye 
movements, but would predict Weis- 
stein's data on the basis of a simple 
spread of effect from one area of the 
visual field to a neighboring one. 

How can we assess the likelihood 
that, during the 10-second period of 
adaptation, the subject's eye would 
wander sufficiently to bring the area 
of his retina upon which the test target 
would later be imaged onto the grating 
portion of the adaptation field? Had 
the test and adaptation fields been pre- 
sented simultaneously, the minimum 
distance from the edge of the test disk 
to the surrounding grating would have 
been 25.8 minutes of arc. Citing the 
data of Steinman (6), Weisstein as- 
sumed that the standard deviation of 
eye movements in her experiment 
would be about 5 minutes of arc and, 
therefore, that the probability of an 
eye movement as large or larger than 
the distance from the test disk to the 
edge of the adaptation grating was less 
than .00009. However, Weisstein makes 
no mention of either a fixation point 
or of a biting board to steady her sub- 
ject's head. If no fixation point were 
present during the adaptation period 
we would expect far larger motions of 
the eye than those obtained by Stein- 
man. 

The absence of a biting board would 
amplify the drift of the adaptation pat- 
tern across the retina by introducing 
significant movement of the subject's 
head (7). The tachistoscope that Weis- 
stein used comes lequipped with fore- 
head rests, but these are no substitutes 
for a biting board. Any combination 
of the above factors increases the likeli- 
hood that an area of the retina hit by 
the test disk would have been stimu- 
lated by the grating during some frac- 
tion of the adaptation period. 

There is also the possibility that at 
a distance of 25 minutes of arc and 

more, one contour could affect the 
visibility of 'another. A number of 
studies (8, 9) would seem to bear on 
the possibility of a spatial spread of 
effect in Weisstein's experiment. Such 
a spread of effect does not mandate the 
invocation of "neural symbolic activ- 
ity." Alpern found interactions between 
visual contours separated by as much 
as a degree (8). Parlee (10) found that 
with separations of 26 minutes between 
adaptation and test contours there was 
a very substantial effect on the visibility 
of the test line. The next largest sep- 
aration she examined was 1 degree, 
where there still seemed to be some 
interaction between test and adaptation 
contours. It is difficult to know, in the 
absence of the appropriate control con- 
dition, whether 1 degree was in fact the 
limit of the spatial interaction. Parlee's 
stimulus flashes were brief enough so 
that we may consider them to have 
been essentially fixed on a motionless 
retina (11). 

We must consider whether proce- 
dural differences between the experi- 
ments of Parlee and Weisstein might 
render our extrapolation invalid. Parlee 
presented her test target temporally 
before the adaptation target, whereas 
Weisstein did the reverse. However, 
other experiments on orientation- 
specific interactions of contours (12) 
confirm the equivalence of orientation 
effects in the two temporal orders. 

In summary, we believe that the 
effect which Weisstein attributed to 
"neural symbolic activity" is more 
likely mediated by a combination of 
eye movements, during the prolonged 
adaptation period, and a simple spatial 
spread of the orientation-specific adap- 
tation, of the kind that Parlee described. 

ROBERT SEKULER 

ROBERT ARMSTRONG 

Department of Psychology, 
Northwestern University, 
Evanston, Illinois 60201 
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It is highly unlikely that my results 
were due to eye movements. Subjects 
fixated on a continuously present fig- 
ure measuring 4 minutes by 2 minutes 
of visual arc and having a luminance of 
4.32 millilamberts; head movements 
were restrained by a head and chin 
rest (Bausch & Lomb). Adaptation 
stimuli were only 10 seconds long. 
Under these conditions, the estimate of 
5 minutes as the standard deviation 
(ar) of a fixating eye about its mean 
position is an upper bound. In Stein- 
man's report, the ar along a single 
average meridian for a fixation target 
larger than my own, for fixation pe- 
riods 20 seconds longer than my own, 
for the most variable subject is only 
3.8 minutes of visual arc (1). 

I calculated the probability of joint 
stimulation by measuring the minimum 
distance from the target circumference 
to the nearest grating area (2), and by 
assuming that the position of the eye is 
normally distributed on any meridian. 
Suppose this assumption does not hold, 
and assume an extreme case-that all 
eye movements outside the calculated 
distribution fell on grating areas. As- 
sume that a very unlikely 2.5 percent 
did so. Would this lead to a reduction 
in apparent contrast? Since one would 
assume, in the case of eye movements 
that stimulation by the grating would 
be intermittent, a direct comparison 
cannot be made; however, Gilinsky 
(3) reports that perception of a test 

grating' is facilitated in inverse propor- 
tion to the duration of a prior presen- 
tation of an adaptation grating in the 
same orientation for durations of at least 
250 msec or less. Thus, even if eye 
movements large enough to produce 
joint stimulation cannot be entirely 
ruled out, it would still be extremely 
unlikely that these would lead to a 
reduction in apparent contrast (4). 

Sekuler and Armstrong's second ex- 
planation for my findings, "a simple 
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spatial spread of the orientation- 
specific adaptation," is a very am- 
biguous explanation. Their contention 
that the effect is "simple" may mean 
that it is simply an instance of a 
broad class of masking effects in which 
one need not assume prior neural 
activity. The studies that they cite indi- 
cate that this is what they have in 
mind. But they contradict this when 
they propose a "spread of . . . adapta- 
tion." This implies prior neural ac- 
tivity in areas not directly stimulated. 
With the latter explanation I have 
little disagreement. I suggested that 
this prior neural activity was con- 
nected with modeling ("in back of"); 
others have suggested, for instance, 
that if the effect were also obtained 
under the control condition, this could 
be due to frequency coding (5). 
Neither case is "simple." With their 
former contention, I disagree. It is 
highly unlikely that the effect I ob- 
tained is due to the same mechanism 
as that causing the effects obtained in 
the studies they cite. Moreover, if it 
were, it would be even less "simple" 
(6). 

The studies they cite (7, 8) which 
are relevant (9) found backward mask- 
ing for single rectangular stimuli at 
separations between target and mask 
greater than 26 minutes or 1 degree 
(or both). My study found forward 
masking for a disk containing a grating. 
In contrast to the other studies, target 
and mask were neither identical in form 
nor size. Moreover, the appropriate 
distance comparison is neither 26 min- 
utes nor 1 degree but 1 degree 30 min- 
utes. These differences are not simply 
procedural; what they imply is that 
one would not have expected an effect 
in my study on the basis of general 
masking effects, and therefore, the 
hypothesis of prior neural activity is 
reasonable. 

In particular (i) Sekuler and Arm- 
strong claim that it makes no differ- 
ence for their arguments whether one 
measures forward or backward mask- 
ing: "orientation effects in the two 
temporal orders [are] equivalent." It is 
not clear what "orientation effects" 
means in this context; in any case, for- 
ward and backward masking are cer- 
tainly not equivalent. Especially when 
target and mask do not superimpose on 
the same retinal area, forward masking 
is generally very small compared to 
backward masking (8). (ii) Masking 
results for gratings cannot be predicted 

from the results for single stimuli. 
Gilinsky (3) found enhancement of 
target thresholds when preceded by 
gratings presented for short periods; 
the reverse is found for single stimuli. 
Gratings mask and are masked over a 
much more restricted angular range of 
orientations, given a fixed target orien- 
tation, than single rectangles (10). 
Hence, one would also expect that con- 
tours of a target grating would have 
to be much nearer masks, especially 
grating masks, in order for their visi- 
bility to be affected. (iii) In general, 
contour masking is negligible for ad- 
jacent stimuli unless they are the same 
form and the same size (11). Thus, 
Buchsbaum and Mayzner found that as 
target lines became shorter than suc- 
cessive flanking lines, target detection 
increased rapidly. Even with superim- 
posed stimuli, Parlee (7) found a simi- 
lar nonlinearity; when a mask which 
completely overlapped a target became 
longer than the target, detection im- 
proved. The grating portions of my 
target and mask were of the same fre- 
quency, but they were dissimilar lengths 
enclosed in dissimilar forms. (iv) The 
25.8-minute separation between target 
and mask refers in my study, not to 
targets and masks on the same horizon- 
tal axis, but to a distance from target 
circumference to inner mask perimeter 
at a 33-degree angle. The distance from 
circumference to nearest full flank is 
1 degree 30 minutes (12). Even if 
masking of targets were not negligible 
when the mask is dissimilar in form and 
size, it is probably negligible at that 
distance (8), especially if both target 
and mask are gratings. 

Hence, previous results with masking 
would not have led me to predict an 
effect on the target for the conditions 
in my study. But just suppose, for the 
sake of speculation, that the effect were 
caused, in all three studies, by the 
same mechanism. What would it mean 
in this case to say that this is simple 
spatial spread? "Spread" is neither 
simple nor linear: it goes away when 
the stimuli differ in size or form. If 
there is "spread" in the case of iden- 
tical stimuli, but little, if any, when 
the stimuli differ in size and shape, 
then the effect is, in fact, quite selec- 
tive and sophisticated. Neural symbolic 
activity at least as complicated as that 
suggested by my hypothesis must be 
assumed. 

Underlying Sekuler and Armstrong's 
comment is their objection to the use 
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of the idea of symbolic activity when 
there exist "simpler" explanations. But 
these explanations hold only if one re- 
stricts one's attention to special cases 
on an ad hoc basis. If the entire range 
of cases is considered, then it is clear 
that there will be no possibility of a 
unifying (simplifying) explanation of 
"spreads of effect" unless we begin to 
consider their functional meaning for 
perception; that is, their symbolic 
function. 

NAOMI WEISSTEIN 

Department of Psychology, 
Loyola University, 
Chicago, Illinois 60626 
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longer. When they flank it, they are also at 
a much greater separation. 
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Proteins in Excitable Membranes Proteins in Excitable Membranes 

The article by Nachmansohn (1) will 
probably do more to stimulate discus- 
sion than to provide definitive answers, 
as the closing sentence implies. Al- 
though it is pleasing to see reference to 
one's own work or to work in which 
one has shared (2), in this instance per- 
haps more is being imputed to the find- 
ings than is, as yet, warranted. It is 
true that the squid giant axon contains 
a high concentration of an enzyme 
which hydrolyzes and thereby detoxifies 
the powerful cholinesterase inhibitor, 
diisopropylphosphorofluoridate (DFP). 
The squid head ganglion is an even 
richer source of this enzyme, trivially 
called diisopropylphosphorofluoridase 
(3). However, the fact that (i) this enzyme 
is found predominantly in the axoplasm 
(2), (ii) the diisopropylphosphorofluori- 
dase that appears to be associated with 
the axonal envelope may really have 
been due to residual axoplasm, and (iii) 
on ultracentrifugation the diisopropyl- 
phosphorofluoridase remains in the sol- 
uble fraction, raises the question of 
whether DFP applied to an intact squid 
axon at external concentrations which 
do not block conduction, for example, 
at less than 5 X 10-3M, crosses the ex- 
citable membrane as DFP or as the hy- 
drolysis product. Furthermore, DFP 
blocks conduction at about 5 X 10-3 to 
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10-2M in axons of squid, lobster, and 
spider crab and in the electroplax of 
the electric eel, although the approxi- 
mate relative concentrations of diiso- 
propylphosphorofluoridase in these four 
preparations are 100, 10, 1, and unde- 
tectable, respectively. Other organo- 
phosphates, even more potent cholines- 
terase inhibitors than DFP, are not de- 
toxified, do penetrate into the squid 
axon in their inhibitory form, and block 
conduction if at all only at external 
(and now internal) concentrations of 
10-3M or higher (4, 5). 

Nachmansohn points out the diffi- 
culty of attempting to extrapolate from 
the concentrations of compounds in so- 
lution to their behavior in intact cells; 
one might even extend this to include 
their behavior in subcellular organelles. 
However, in the present instance there 
is some indication that the organophos- 
phates have indeed reached one such 
"organelle" in a sense, namely, the pos- 
tulated receptor (6). If this is so, it be- 
comes increasingly difficult, but of 
course not impossible (7), to explain 
how a variety of cholinesterase inhibi- 
tors, some predominantly water-soluble, 
others more lipid-soluble, can reach the 
receptor but cannot reach the reputedly 
essential acetylcholinesterase, whereas 
acetylcholine is required to reach both. 
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It has been implied that the fact that 
"block of conduction is sometimes ef- 
fected under conditions different from 
those expected from reactions in vitro" 
(1) is not an impediment to an essen- 
tial role for acetylcholinesterase in 
conduction. Rather than a "sometimes" 
condition, it appears that almost all of 
the cholinesterase inhibitors which fi- 
nally do block conduction do so be- 
tween 10-3 and 10-2M, whether rever- 
sible or irreversible, penetrating or not 
penetrating, water-soluble or lipid-solu- 
ble, or detoxified or not. The effect of 
physostigmine (eserine) on the node of 
Ranvier of the frog sciatic nerve has 
been cited las an exception (1). It does 
not appear to be much of an exception; 
the pertinent words are these (8): "At 

. . 10-3M conduction was blocked 
within 25 sec. ... At ... 2 X 10-M, 
block . . . occurs, if at all only after 
15-20 min. . ." The italics are mine. 
Further, the legend under figure 3 of 
(8) implies that block may not always 
have occured even at 5 X 10-4M. It 
should be noted that I refer only to 
block of action potential rather than 
partial reduction, prolongation, change 
of shape, and so on. 

Finally, while it is true that "a suc- 
cessful dissociation of electrical and 
enzyme activity after exposure to or- 
ganophosphates" (1) has not been ac- 
complished, it seems premature to 
conclude that the failure to demonstrate 
such a dissociation of electrical and 
cholinesterase activities, especially for 
reasons of technical inadequacy, is 
proof that the two activities are directly 
associated. This is not to say that, in 
the second half of the 20th century, it 
will not be accepted a priori that bio- 
electric activity is controlled by macro- 
molecules whose properties are ex- 
pressed in terms of enzyme kinetics. 

F. C. G. HOSKIN 
Department of Biology, 
Illinois Institute of Technology, 
Chicago 60616 
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the cholinesterase inhibitors which fi- 
nally do block conduction do so be- 
tween 10-3 and 10-2M, whether rever- 
sible or irreversible, penetrating or not 
penetrating, water-soluble or lipid-solu- 
ble, or detoxified or not. The effect of 
physostigmine (eserine) on the node of 
Ranvier of the frog sciatic nerve has 
been cited las an exception (1). It does 
not appear to be much of an exception; 
the pertinent words are these (8): "At 

. . 10-3M conduction was blocked 
within 25 sec. ... At ... 2 X 10-M, 
block . . . occurs, if at all only after 
15-20 min. . ." The italics are mine. 
Further, the legend under figure 3 of 
(8) implies that block may not always 
have occured even at 5 X 10-4M. It 
should be noted that I refer only to 
block of action potential rather than 
partial reduction, prolongation, change 
of shape, and so on. 

Finally, while it is true that "a suc- 
cessful dissociation of electrical and 
enzyme activity after exposure to or- 
ganophosphates" (1) has not been ac- 
complished, it seems premature to 
conclude that the failure to demonstrate 
such a dissociation of electrical and 
cholinesterase activities, especially for 
reasons of technical inadequacy, is 
proof that the two activities are directly 
associated. This is not to say that, in 
the second half of the 20th century, it 
will not be accepted a priori that bio- 
electric activity is controlled by macro- 
molecules whose properties are ex- 
pressed in terms of enzyme kinetics. 

F. C. G. HOSKIN 
Department of Biology, 
Illinois Institute of Technology, 
Chicago 60616 
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