
Neural Basis of Orientation Perception in Primate Visio 

Abstract. Orientational differences in human visual acuity can be re 
metrically to the distribution of optimal orientations for the receptiv 
neurons in the striate cortex of the rhesus monkey. Both behavioral n 
acuity and the distribution of receptive fields exhibit maximums for st 
zontal or vertical relative to the retina; the effect diminishes with dis, 
the fovea. The anisotropy in the neuronal population and in visual aci 
to be determined by postnatal visual experience. 

Extensive neurophysiological obser- 
vations have established that differential 

responses to oriented stimuli are a dis- 
tinguishing feature of most receptive 
fields for neurons in the visual cortex 
of the cat and monkey (1-4). Anatomi- 
cal homologies in the visual system of 
man and other primates (5) as well as 
the limited electrophysiological record- 
ings from human visual neurons (6) 
suggest similarities of receptive field or- 
ganization. The present study indicates 
how orientation information is extracted 
and organized at the neuronal level in 
terms of a horizontal and vertical co- 
ordinate system. 

In the normal human visual system, 
horizontal and vertical lines or objects 
can be detected or discriminated more 
easily and identified more rapidly and 
accurately than can ones that are ori- 
ented obliquely relative to the retina 
(7). The orientation effect is not due 
to the optics of the eye, since inter- 
ference fringes produced on the retina 
by laser techniques that bypass the eye's 

Fig. 1. Circular histograms of optimal 
orientations for striate cortical neurons. 
The histograms sum for each 20? interval 
the number of neurons that discharged 
maximally for an oriented bar or edge 
target moved across the unit's receptive 
field. The horizontal direction relative to 
the retina is indicated by 0?. (A) Optimal 
orientations for 79 neurons from the re- 
gion of striate cortex corresponding to 
the central 2? in the temporal hemiretina. 
The two modes are approximately orthog- 
onal, and each accounts for about 20 
percent of the entire distribution. The 
distribution of orientations differs from 
one in which every orientation is equally 
represented in a statistically significant 
manner (x2= 16.1, d.f. = 8, P <.05). 
(B) Optimal orientations for 113 neurons 
from the region of striate cortex corre- 
sponding to an area 6? to 8? from the 
fovea. The two modes are orthogonal 
about the horizontal and vertical axes, 
but each accounts for about 13 percent 
of the entire distribution. A larger sample 
size, on the order of 1500 neurons, 
would be required to demonstrate the 
statistical validity of the trend. For the 
present distribution the chi-square statistic 
is not significant (x2 1.1, d.f. = 8, 
P > .05). 
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neasures of I have sought to establish the neu- 
timuli hori- ronal basis for the orientation effect 
tance from and hence an early stage of orientation 
uity appear processing in the visual system of pri- 

mates. The method involved an exami- 
nation of the receptive field properties 

anisotropic of neurons in the striate cortex of the 
The locus rhesus monkey. Experiments were car- 

al than the ried out in five normally reared rhesus 
npbell (9) monkeys (Macaca mulatta), weighing 
the poten- 3 to 5 kg (10). Animals were prepared 

grating, re- under sodium pentobarbital and later 
calp, is re- were studied in the awake, unanesthe- 
)lique com- tized state (paralyzed with gallamine 

horizontal triethiodide and artificially respired) in 
was not a pain-free condition (11). Adequate 

ectroretino- fluid and electrolyte intake were given 
otential re- intravenously, and temperature and end- 
scalp arises tidal carbon dioxide were monitored. 
rtical struc- Each animal was refracted by retinos- 
potential is copy, and a tangent stimulus screen at 
f an adapt- 4 m distance was brought into focus on 
must arise the animal's retina by appropriate con- 

ly sensitive tact lenses. No correction for astigma- 
nary visual tism was found to be necessary. Single 
in neurons unit extracellular recording was under- 
eems likely taken with platinum-iridium microelec- 
cortex are trodes, glass-insulated except for a 15- 

tex of man, [cm tip exposure. Unit activity was led 
foveal vi- through a field effect transistor source 

d close to follower to a band-pass amplifier and 
7ith grating recorded on magnetic tape with a con- 

current voice and stimulus channel. 
Single cortical units were electrically 
isolated with metal microelectrodes, 
and the location, extent, and optimal 
orientation of the unit's minimal dis- 
charge field were determined with pro- 
jected or hand-held stimuli and mapped 
on the tangent screen. By these pro- 

-20.2 cedures, the optimal orientation could 
0o be determined to an estimated accuracy 

__rJ of ?+7.5? (12). 
In order to determine the population 

profile of a receptive field character- 
istic, such as the axis of optimal orien- 
tation sensitivity, it is essential to ob- 
tain statistically independent samples 
and to evaluate the samples by an ob- 
jective criterion. The correlation of 
unitary properties by vertical or hori- 
zontal proximity that is evident in the 
columnar or slab organization of striate 

13.3 % cortex for orientation (1, 2) could in- 
troduce substantial bias. To achieve in- 

O? dependent sampling, multiple micro- 
electrode penetrations were separated 
by at least 500 /m by using the radial 
grid of a Gerbrands micropositioner, 
and for the purposes of analysis only the 
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first quantitatively studied unit from 
each penetration was considered. The 
tabulated orientations displayed in po- 
lar form in Fig. 1 are the result of 192 
microelectrode penetrations. As an 
additional control for refractive and 
constant errors and to determine vari- 
ations with retinal eccentricity, penetra- 
tions were made both in the foveal pro- 
jection region (central 2?) and in a 
region subserving an eccentric portion 
of the retina (6? to 8? from the fovea) 
(13). 

The variations in acuity and in 
evoked potential amplitude with stimu- 
lus orientation could result from 
changes in the response specificity for 
neurons with receptive fields of differ- 
ent orientation preferences, or, on the 
other hand, the effects could be pro- 
duced by a relative predominance of 
receptive fields with particular optimal 
orientations. The orientation tunings of 
receptive fields with preferred orienta- 
tions of 0? and 90? were not observed 
to be noticeably sharper than those 
with oblique orientation preferences. 
However, for the neurons sampled from 
the foveal projection region of striate 
cortex (Fig. 1A), an anisotropy is evi- 
dent in the population profile of orien- 
tation sensitivity. Many units responded 
maximally to stimuli oriented vertically 
or horizontally but relatively few to 
stimuli at oblique orientations. The de- 
parture from a distribution in which 
every orientation is equally represented 
was evaluated by the chi-square test 
and is statistically significant at the 5 
percent level (X2 = 16.1, d.f. = 8, P < 
.05). The correspondence, then, be- 
tween the population profile of orienta- 
tion sensitivity for foveal cortical neu- 
rons in the rhesus monkey and the 
acuity performance function for foveal 
stimulation in human observers sug- 
gests the hypothesis that the orienta- 
tion effect in man is the result of a 
predominance of cortical neurons with 
receptive fields optimally sensitive to 
horizontal and vertical stimuli. 

A question of considerable interest 
is whether the anisotropic distribution 
of optimal orientations in cortical neu- 
rons is genetically programmed or re- 
sults from visual experience. Several 
studies have demonstrated that early 
postnatal exposure of kittens to vertical 
or horizontal striped patterns produces 
a relative increase in the number of 
visual cortical neurons with receptive 
fields having maximal sensitivity at the 
conditioning orientation (14). Even 
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Fig. 2. Retinal gradient of orientational 
differences in visual acuity. An index of 
acuity anisotropy (equal to one minus 
the ratio of the acuity for horizontal and 
vertical gratings divided by that for the 
45? and 135? obliques) is plotted against 
the location of the test target relative to 
the fovea. The measure of acuity was the 
spatial cut-off frequency for a square- 
wave grating. Each data point is the mean 
value of the index for three emmetropic 
observers; the bars indicate the standard 
error of the mean. 

less severe visual deprivation such as 
experimentally induced astigmatism in 
kittens still produces a similarly skewed 
distribution of cortical receptive fields 
(15). Such kittens as adults exhibit 
reduced acuity for stimuli oriented 
orthogonally to that present in their 
early visual environment (16). Early 
astigmatism in man produces a com- 
parable acuity deficit that is not sub- 
ject to correction by refraction (17) 
and can be demonstrated in cortical 
evoked potentials (18). A neural modi- 
fication analogous to that found in the 
cortices of visually deprived kittens may 
occur in the visual system of primates. 
The early and continuing predominance 
of vertical and horizontal contours in 
the normal visual environment may be 
sufficient to produce the observed 
neural anisotropy of orientation de- 
tectors. 

A comparison of the two distribu- 
tions of receptive field orientations 
shown in Fig. 1 with those found in 
other experiments suggests the exist- 
ence of a gradient of orientation ani- 
sotropy from central to peripheral 
vision. During development the central 
projection of the visual field may be 
more susceptible to environmental in- 
fluences. Typically, distributions of 
cortical neurons composed in the main 
of units with receptive fields in the non- 
central visual field exhibit little or no 
orientation anisotropy (2, 4). For both 
cat and monkey data Hubel and Wiesel 

(2) concluded that no marked orienta- 
tional differences were present in their 
samples, which were mainly from non- 
central projection regions. For simple 
cells in the cat, some evidence suggests 
a greater prevalence of units maximally 
sensitive to vertical and horizontal con- 
tours in the center of the visual field 
(3). In congruence with these neuro- 
physiological observations, a gradient 
of orientation anisotropy can be dem- 
onstrated psychophysically in human 
observers, as shown in Fig. 2. 

Three emmetropic observers viewed 
monocularly square-wave grating tar- 
gets briefly exposed for periods of 0.5 
second duration at various retinal ec- 
centricities relative to a steady foveal 
fixation point at the same optical dis- 
tance. Visibility thresholds were deter- 
mined by varying the viewing distance 
of the target in a threshold tracking 
procedure (17). In addition to the de- 
crease of visual acuity with degree of 
retinal eccentricity, the acuities for 
vertical and horizontal stimuli relative 
to those for oblique stimuli were found 
to decrease. The parametric correlation 
between human visual acuity for ori- 
ented gratings and the distributions of 
optimal orientations for monkey cortical 
neurons strongly suggests that the per- 
formance profile of striate neuron re- 
flects the processing of behaviorally 
relevant orientation information in 

primates. 
The global mechanisms of visual 

form perception are at present a mat- 
ter for conjecture. One attractive hy- 
pothesis is that the visual System em- 
ploys a process of Fourier-like analysis 
and synthesis. Several lines of evidence 
support the view that the visual system 
analyzes spatial patterns in terms of 
their horizontal and vertical Fourier 
components of spatial frequency (19). 
Neurophysiological studies of unit re- 
sponses in the striate cortex of the cat 
indicate that spatial frequency is en- 
coded at the neuronal level (20). Gins- 
burg (21) has pointed out that the ori- 
entation anisotropy evident in visual 
performance could be viewed as a two- 
dimensional filter in the Fourier trans- 
form space of the visual patterns. The 
distribution of receptive field orienta- 
tion sensitivity found here for striate 
neurons may well serve as the mecha- 
nism of that filter. 

R. J. W. MANSFIELD 

Department of Psychology, 
Harvard University, 
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Retrograde amnesia produced by 
such treatments as electroconvulsive 
shock is often temporary. Retention of 
an avoidance response, for example, 
can be restored by subjecting amnesic 
animals to a noncontingent footshock 
(NCFS) (1). These data have led some 
(2) to theorize that the amnesic treat- 
ments interfere with retrieval of stored 
information and that NCFS reactivates 
the retrieval process. Recently, Gold 
et al. (3) advanced an alternative ex- 
planation. They argued that NCFS 
provides a learning experience and 
predicted that for the learning experi- 
ence to restore retention it must add 
to weak retention. Consistent with this 
prediction they reported that NCFS 
restores retention in animals that are 
either partially amnesic or weakly 
trained (animals showing weak reten- 
tion), but that NCFS does not restore 
retention in animals that are either 
completely amnesic or untrained. While 
the results of this study are clear, the 
interpretation is not, and the logic con- 
necting the effects of NCFS on par- 
tially amnesic and weakly trained 
animals is tenuous. 

In the first phase of their experiment, 
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Gold et al. determined the extent to 
which NCFS restores retention in 
partially and completely amnesic ani- 
mals. Animals were trained, subjected 
to an amnesic agent, and then tested. 
During the test, the behavior was vari- 
able, some animals showing partial and 
others complete amnesia. After the test, 
the animals were given NCFS, and the 
next day they were given a second 
retention test. Behavior on the second 
test also varied; the NCFS restored 
retention in those animals that had 
shown partial amnesia on the first test, 
but did not restore retention in those 
animals that had shown complete 
amnesia. On this basis, Gold et al. con- 
cluded that NCFS restores retention 
because it summates with weak reten- 
tion shown by the partially amnesic 
animals. This may be true, but, in my 
opinion, indeterminable from their ex- 
periment. 

Gold et al. did not include a basic 
control group. It is clear that partially 
amnesic animals show recovery of 
retention after NCFS and that com- 
pletely amnesic animals do not. It is 
not clear, however, that the NCFS is 
necessary to initiate recovery. It is 
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possible that partially amnesic animals 
would recover retention even if they 
were not given NCFS. What is needed 
is a control group that receives no 
NCFS: the control animals in this case 
must of course be partially amnesic 
since completely amnesic animals 
show no recovery even with NCFS. 
Gold et al. presented data for a control 
group that received no NCFS and, in- 
deed, showed no signs of recovery. 
The problem is that the animals in 
this control group, judging from the 
median and interquartile range of their 
behavior during the first test, appear 
completely amnesic. 

Even if the experiment had contain- 
ed the appropriate controls, the data 
would still be difficult to interpret 
because of the ex post facto experi- 
mental design. It seems clear from their 
report (3) that it was not the experi- 
menter who, by manipulating a vari- 
able, determined which animals would 
be in the partially and which in the 
completely amnesic groups. Rather, the 
experimenter gave the animals in each 
group the same treatment and then 
constructed the two groups on the basis 
of individual differences in reaction to 
the amnesic agent. However, individual 
differences in this case can be due to 
any number of variables, including 
strength of initial learning, susceptibil- 
ity to the disruptive effects of the am- 
nesic agent, or motivation to drink. 
Gold et al. failed to establish whether 
these uncontrolled variables, rather 
than strength of retention, were in- 
strumental in determining the ultimate 
reaction to NCFS. 

In a second phase of the experiment, 
to cross-validate the relation between 
strength of retention and effectiveness 
of NCFS, Gold et al. included two ad- 
ditional groups distinguished by dif- 
ferent training conditions rather than 
by individual differences in reaction to 
the amnesic agent. One group received 
weak training, a second group received 
no training, and neither group received 
an amnesic agent. The next day the 
groups behaved as expected: the 
weakly trained group showed weak 
retention, the other group of course 
showed no retention. After the test, 
both groups were given NCFS and 
the next day were given a second test; 
the NCFS improved retention in the 
weakly trained but not in the untrained 

possible that partially amnesic animals 
would recover retention even if they 
were not given NCFS. What is needed 
is a control group that receives no 
NCFS: the control animals in this case 
must of course be partially amnesic 
since completely amnesic animals 
show no recovery even with NCFS. 
Gold et al. presented data for a control 
group that received no NCFS and, in- 
deed, showed no signs of recovery. 
The problem is that the animals in 
this control group, judging from the 
median and interquartile range of their 
behavior during the first test, appear 
completely amnesic. 

Even if the experiment had contain- 
ed the appropriate controls, the data 
would still be difficult to interpret 
because of the ex post facto experi- 
mental design. It seems clear from their 
report (3) that it was not the experi- 
menter who, by manipulating a vari- 
able, determined which animals would 
be in the partially and which in the 
completely amnesic groups. Rather, the 
experimenter gave the animals in each 
group the same treatment and then 
constructed the two groups on the basis 
of individual differences in reaction to 
the amnesic agent. However, individual 
differences in this case can be due to 
any number of variables, including 
strength of initial learning, susceptibil- 
ity to the disruptive effects of the am- 
nesic agent, or motivation to drink. 
Gold et al. failed to establish whether 
these uncontrolled variables, rather 
than strength of retention, were in- 
strumental in determining the ultimate 
reaction to NCFS. 

In a second phase of the experiment, 
to cross-validate the relation between 
strength of retention and effectiveness 
of NCFS, Gold et al. included two ad- 
ditional groups distinguished by dif- 
ferent training conditions rather than 
by individual differences in reaction to 
the amnesic agent. One group received 
weak training, a second group received 
no training, and neither group received 
an amnesic agent. The next day the 
groups behaved as expected: the 
weakly trained group showed weak 
retention, the other group of course 
showed no retention. After the test, 
both groups were given NCFS and 
the next day were given a second test; 
the NCFS improved retention in the 
weakly trained but not in the untrained 
group. In contrast to the amnesic data, 
the training data are interpretable since 
the groups, including appropriate con- 
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