
self-motion (8), rather than on the focus 
(5). Our stimulus was designed to disso- 
ciate visual sensitivity to flow pattern 
focus and visual sensitivity to local maxi- 
ma m magnification rate [also called "lo- 
cal maxima in div V" (13, 14)]; previous 
experimental studies have confounded 
these two factors (15). A focus differs 
from a div V maximum in important 
ways; in particular, focus can be shifted 
by translational motion (I), whereas div 
V is unaffected (13, 14). The human 
visual system is specifically sensitive to 
div V independently of translational mo- 
tion (14), and this sensitivity is adequate 
to locate the focus of one kind of flow 
pattern (16). However, because compu- 
tations show that div V is not always 
maximal along the direction of motion 
[reference 6 in (I)], sensitivity to local 
maxima of div V does not provide a 
sufficient explanation for real-world di- 
rectional judgments (4). The two algo- 
rithms discussed so far start with a single 
sample of a local property of the flow 
pattern (either focus or div V). Alterna- 
tive kinds of candidate procedure in- 
volve several momentary samples of the 
flow pattern rather than one, and a large- 
field rather than a local property. Tem- 
plate-matching is one alternative proce- 
dure. A suitable template might be a 
neural mechanism that summed the out- 
puts of many detectors of local radial 
motion distributed over an extensive 
area of the visual field (17). For some 
environments, exploratory eye move- 
ments would produce the largest re- 
sponse when the fovea was maintained 
centered on the destination because, for 
that unique direction of gaze, the retinal 
flow pattern would correlate most close- 
ly with the template [figure 1 in (I)]. It 
remains to be shown, however, that this 
means of extracting guidance informa- 
tion would be accurate in asymmetric 
environments. 

Torrey (12) correctly points out that 
we leave open the possibility that ob- 
servers might be able to judge the loca- 
tion of the focus provided that any trans- 
lational motion is generated by eye 
movements rather than by moving the 
physical stimulus pattern as in our ex- 
periments; I know of no data to resolve 
that point. 

I do not agree with Priest and Cut- 
ting's statement (3) that our conclusions 
(1) imply that pilots could not make 
accurate visual judgments of self-mo- 
tion. Rather, they imply that a complete 
explanation for this evident ability is not 
yet established. Elsewhere we compared 
quant~tative data on pilots' remarkable 
visual judgments while landing and in 
other flying tasks in simulators and high- 
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performance jet aircraft (18) with visual 
discrimination of flow patterns. In view 
of the theoretical interest in the general 
rotating-eye case, quantitative data on 
human performance are surprisingly 
sparse; it has not been experimentally 
ruled out that a partial or even complete 
failure of directional judgment might oc- 
cur when the eye rotates (19). Compari- 
sons between different models of ex- 
tracting guidance information from the 
optic flow pattern are currently con- 
strained by the shortage of empirical 
knowledge about human performance. 

D. REGAN 
Department of Ophthalmology, 
Gerard Hall, 5303 Morris Street, 
Dalhousie University, 
Halifax, Canada B3J 1B6 
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of the Visuotopic 
ortex 

now possible, for the first time, to com- 
pare theoretical to experimental cortical 
map functions directly (Fig. 1). It is thus 
possible to point out a misinterpretation 
of the theoretical model of cortical to- 
pography (2) cited by Tootell et al. (1) in 
the analysis of their data. 

Tootell et al. (1) found different values 
of cortical magnification along the verti- 
cal and horizontal meridians (the vertical 
meridian is longer than the horizontal). 
They assumed that the cortical map 
function that I have published (2, 3) 
predicts that the magnification factor 
should be the same along all meridians. 
On the contrary, this model predicts 
differences in cortical magnification at 
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Fig 1 (A) Theoret~cal map of three c~rcles at eccentrlclties of lo ,  2 38", and 5 66" and rays at 
-90°, -4S0, Oo, 45", and 90°, generated by the map funct~on log ( z  + O 3) (B) A reproduct~on of 
figure IB In (1) for the same v~sual field pattern In the lower r~ght corner, the representatlon of 
the vert~cal mer~d~an  does not meet the representatlon of the c~rcle of 5 66" of eccentr~c~ty Sol~d 
squares have been llnearly Interpolated to lnd~cate t h ~ s  mlsslng lntersectlon (C) A theoret~cal 
map (3) super~mposed on (B) Theory and exper~ment seem to agree, except for the lower r~ght 
corner, where the p o s s ~ b ~ l ~ t y  of t~ssue  dlstort~on IS suggested by the fallure of the vert~cal 
mer~d~an  to meet the representatlon of the c~rcular arc of 5 66" Such d~stor t~on may be caused 
by local curvature of the cort~cal surface, whlch IS almost Hat across most of the operculum, but 
whlch seems to become more curved near the representations of the lower and upper vert~cal 
mer~d~ans  (the lunate and Inferlor occ~p~ ta l  sulc~) 

corresponding points along the vertical Schwartz (I) has correctly described 
and horizontal meridians (3), but equal our experiment, but misstated both our 
magnification in all directions (locally). findings "and our conclusions with re- 
In other words, this model states that the spect to anisotropies in the cortical pro- 
cortical map function is conformal (3) jection. We did not state that the differ- 
(locally, but not necessarily globally iso- 
tropic). Moreover, these differences are 
in almost exact agreement with the data 
presented by Tootell et al. (I), who 
found, for example, that the length of the 
vertical meridian is longer than the 
length of the horizontal meridian by a 
factor of 1.25. This may be compared 
with a factor of 1.22 predicted by the 
complex log model (3). Figure 1 shows 
this theoretical model superimposed on 
the data of Tootell et al. (I). 

This work provides an example of a 
mathematical analysis that has provided 
not only useful insight to neuroanatomi- 
cal work, but also an accurate prediction 
of subsequent data; in addition, it seems 
to be crucial to the correct interpretation 
of the data. 

ERIC SCHWARTZ 
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Courant Institute of Mathematical 

ence in magnification factor along the 
vertical and horizontal meridians in itself 
contradicted his theory. Rather we 
pointed out that this difference [as well 
as other anisotropies not predicted by 
Schwartz's logarithmic (z + a )  transfor- 
mation] seems to be related to the direc- 
tion taken by the ocular dominance 
strips in various local striate regions. By 
this model, a small square in the visual 
field will be represented in a roughly 
rectangular region of the cortex, with the 
long axis of the rectangle perpendicular 
to the long axis of ocular dominance 
strips. We illustrated some of the evi- 
dence for this model in figure 2, C and D 
in (2), which showed a difference in the 
length of two oblique segments (both at 
45" from the retinal horizontal). Accord- 
ing to Schwartz's theory, two such 
oblique segments should be equal in 
length, but they are not. However, one 
can account for the difference in length 
of these two oblique segments on the 

Sciences, New York 10012, and basis of an ocular dominancedependent 
Nathan S .  Kline Research Institute, anisotropy, since the ocular dominance 
Orangeburg, New York 10962 strips cross these two oblique ray seg- 

ments in different directions. Similar re- 
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dicular to the vertical meridian, but more 
randomly or parallel to the horizontal 
meridian. Horton has recently published 
additional experimental evidence sup- 
porting an ocular dominance anisotropy 
(3). 

Other features of our 2-deoxy-D-glu- 
cose (2DG) autoradiographs also dis- 
agree with the strict log (z + a )  confor- 
mal map. First, the curvature of the ring 
segments actually reverses slightly at 
eccentricities near 5": this was seen even 
in the very earliest striate mapping stud- 
ies (4). Second, the labeled rings and 
rays often do not intersect orthogonally. 
In order to account for these discrepan- 
cies, Schwartz proposes that distortion 
must have occurred selectively in corti- 
cal regions where the 2DG map does not 
match the log map (but apparently not in 
areas of agreement). However, the 
amount of distortion experimentally 
measured in the flattened tissue is much 
less than that necessary to account for 
such a discrepancy (2). Finally, another 
recent study of retinotopic organization 
(5), carried out with different techniques 
in a different area of the striate cortex, 
came to conclusions similar to our own: 
the actual striate maps differ from those 
predicted by the log (z + a )  model in a 
number of ways, and the discrepancies 
are larger than can be accounted for by 
experimental error. 

Despite these discrepancies, we be- 
lieve the logarithmic conformal map 
gives a good approximation to the retino- 
topic mapping in the macaque striate 
cortex. 
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