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An experiment was designed to test the role of the hemispheres in the processing of gratings. 
Subjects judged whether two spatial frequencies presented in succession in either the right or 
the left visual field were the same or different. Hemispheric differentiation was measured by 
comparing mean reaction times and percentages of erroneous responses. The results showed an 
absence of hemispheric differences, which suggests that gratings are processed in both hemispheres 
with equal efficiency. The findings are interpreted as indicating that the matching procedure 
involves simple sensory features of patterns and suggest that the functional asymmetry of 
hemispheres does not extend to the earliest stages of information processing. 

Visual pattern perception is conceived by some authors 
as involving an analysis of patterns into their component 
gratings (Braddick, Campbell, & Atkinson, 1978; Kauf
man, 1979). Electrophysiological studies of perception in 
cats have revealed that certain cells in the cat's visual 
projective cortex react selectively to gratings of specific 
spatial frequency (de Valois, Albrecht, & Thorell, 1982; 
Maffei & Fiorentini, 1973, 1977; Movshon, Thompson, 
& Tolhurst, 1978). Taking it for granted that a sensory 
input is processed at successive levels in the nervous sys
tem and that any classificatory decision assigning the per
ceived pattern to a particular category is preceded by in
formation processing in the sensory cortex, we would 
assume that the decomposition of a pattern into gratings 
is accomplished at an early stage of visual information 
processing. Thus, no hemispheric differences should be 
observed in grating perception. This hypothesis would 
have to be tested in view of the divergent theories regard
ing the role of the hemispheres in sensory information 
processing and regarding the stage of processing at which 
hemispheric differentiation comes into effect. According 
to some authors, functional differentiation takes place at 
an early processing stage (Hellige & Webster, 1979; Pen
nal, 1977; Pirot, Pulton, & Sutker, 1977). Others believe 
that it occurs only in the processing of the more complex 
features, for example, visuospatial or semantic features 
(Moscovitch, 1979; Moscovitch, Scullion, & Christie, 
1976; Rotkin, Greenwood, & Gazzaniga, 1977; Scotti & 
Spinnler, 1970; Sergent, 1983). These divergent findings, 
as well as the electrophysiological data suggesting that 
grating is processed at the lower levels of the nervous sys
tem, have induced us to investigate hemispheric differ
ences in grating perception. 

The authors' mailing address is: Department of Neurophysiology, 
Nencki Institute of Experimental Biology, 02-093 Warsaw, 3 Pasteur 
Str., Poland. 
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METHOD 

Subjects 
We tested 12 right-handed subjects with normal or corrected-tlrnormai 

vision who were not aware of any case of left-handedness among their 
close relatives. Handedness was tested with a short questionnaire (Briggs 
& Nebes, 1975). 

Material 
The experiment was based on comparison of two successively 

presented stimuli. The set of stimuli consisted of 15 different horizon
tal gratings presented square wave. The spatial frequency differed from 
one stimulus to another by a difference derived from a logarithmic curve 
(see Figure 1). Hence, the gratings were such that each band was clearly 
discernible, according to the relevant literature (Campbell & Maffei, 
1976). A stimulus measured 20 in width and 30 in height; exposure time 
was 40 msec. The patterns were projected on a screen from slides from 
a Kodak-Carousel projector with electronic shutter. They were presented 
laterally either 2 0 right or 2 0 left of the fixation point, (i.e., a black 
dot 38' in diameter) that was mounted permanently in the center of the 
screen. The luminance of the pattern was 16.5 lx, and luminance of the 
screen was 7 lx. 

Procedure 
Subjects were tested in a soundproof chamber. A subject was seated 

1.5 m from the screen, on which two gratings were presented in suc
cession. The subject's task was to compare the two stimuli and decide 
whether the second grating differed from the first one or whether it was 
the same. The two stimuli were separated by an interval of 1.5 sec. They 
were both exposed in the right visual field (R VF) or in the left visual 
field (L VF). Each stimulus pair was preceded by a warning signal (gong) 
sounded 800 msec before the onset of the first stimulus. The subject 
responded by pressing with hislher thumb one of two buttons, 1 em apart 
in vertical arrangement (i.e., one closer to and the other farther from 
the subject). One button was pressed for a "same" response, the other 
for "different." Throughout the testing the subject had hislher finger 
poised between the two buttons. Pressing a button stopped an electronic 
counter that was started at the onset of the second stimulus. The inter
val between two successive stimulus pairs was 2 sec. Subjects were urged 
to respond as quickly as possible, and they were permitted to correct 
erroneous response. Those trials in which the subject had responded 
incorrectly or had corrected the response were run again at the end of 
the given series in the original order. The idea was to obtain a large 
enough number of reaction times of the correct response type. The scale 
of difficulty across trials was made uniform by contrasting in each differ-
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Figure 1. Stimuli used in this experiment. 

em pair stimuli differing by four points on the cwve depicted in Figure 1. 
A same pair comprised two presentations of the same grating . The ac
tual experiment was preceded by a preliminary series during which the 
subject became familiar with the task, learned to concentrate upon the 
fixation point, and practiced pressing the correct button. 

The experiment itself consisted of two experimental sessions, each 
lasting 90 min, held at an interval of several days. Each session com
prised 186 trials. The entire experimental design was fully balanced for 
visual field (half the gratings in the L VF, the other half in the RVF), 
hand used for pressing (left vs. right), and type of button (same vs. 
different) . 

The subject's eye movements were followed closely on a TV moni
tor. Those trials during which the subject was found to move hislher 
eyes were repeated at the end of the series. 

RESULTS 

The validity of the comparisons was assessed on two 
criteria: reaction time and response correctness. To elim
inate disproportionately long or short reaction times that may 
have been due to chance, we employed the Dixon test for 
data selection (Kirk, 1968). The statistical analysis was based 
on mean reaction times (RT) and on percent of errors. 
Three-way analysis of variance comprised the following ex
perimental variables: visual field (L VF vs. RVF), kind of 
comparison ("same" vs. "different"), and hand (right vs. 
left). 

Analysis of variance for reaction times yielded only one 
main effect: kind of comparison [F(I,ll) = 8.87, 
P < .025]. Mean RT to same gratings (831.2 msec) was 
40.3 msec shorter than mean RT to different gratings 
(871.5 msec). This difference was observed for 10 out of 
our 12 subjects. The other factors tested by the analysis of 
variance (Le., visual field and hand), as well as all other in
teractions, fulled to reach statistical significance (see Figure 2). 
In view of Sergent's (1983) findings, we compared the 

responses to patterns of high and low gratings. Of the 15 
patterns used in the experiment, the three highest gratings 
(with frequencies from 16.8 to 10.6 cycles per degree) were 
assigned to the category of high-frequency gratings, and the 
three lowest (1.4 to 2.0 cycles per degree) to the category 
oflow-frequency gratings (see Figure 1). The data obtained 
in each category for same stimuli were subjected to a two
way analysis of variance testing visual field (left vs. right) 
and frequency (low vs. high). We found neither a signifi
cant effect for any of the two factors nor an interaction be
tween them [~1,11) = 1.63, n.s.]. The mean RT for low
frequency gratings (822.0 msec) was 32.1 msec shorter than 
RT to high-frequency gratings (789.9 msec). This difference 
was observed in 8 out of our 12 subjects, and this tendency 
failed to reach statistical significance [~1,11) = 4.03, n.s.]. 

A three-way analysis of variance for percentage of er
rors failed to reveal the statistical significance of any of the 
tested factors (see Figure 3). The only significant interac
tion was found between visual field and kind of matching 
[F(1,ll) = 6.46, p < .05]. The interaction was due to the 
significantly higher nwnber of errors (p < .05, Duncan test) 
for the RVF in matching different gratings than for the two 
fields in matching same gratings (by 1.82 % for L VF and 
by 6.89% for RVF). In matching different stimuli in the 
L VF, subjects made about the same number of errors as 
in matching same stimuli in the two visual fields (see 
Figure 3). This interaction might have been due to the op
posite direction of hemispheric differences for same and 
different matches. In the same matches, a smaller number 
of errors was recorded for the RVF; in different matches, 
a smaller number was recorded for the L VF. These two 
tendencies failed to reach statistical significance, however 
(Duncan test, Figure 3). 
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Figure 2. Mean reaction times (in miJli<ieconds) in the left and right 
visual field for both types of responses and separately for "same" 
and "different" responses. 
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Figure 3. Percent of errors in the left and right visual field for 
both types of responses and separately for "same" and "ditTerent" 
responses. 

DISCUSSION 
The absence of hemispheric differentiation in the perception of grat

ing' based on measures of reaction time and on percentage of errors, 
suggests that grating is processed in the right and left hemispheres with 
equal efficiency. This fmding holds for both high and low frequencies, 
and concurs with the results reported by Beaton and Blakemore (1981), 
Fiorentini and Berardi (1984), and Vassilev, Verskaya, Manahilov, 
Mitov, and Leushina (1985). The results also agree with Sergent's (1983) 
hypothesis to the effect that hemispheric differences do not come into 
evidence at the sensory level. Our results do not confirm Sergent's (1982, 
1983) views concerning the differentiation of hemispheric functions in 
relation to grating type. According to Sergent's view, higher spatial fre
quencies are more efficiently handled by the left hemisphere and low 
spatial frequencies are handled by the right hemisphere. No such rela
tionship has been revealed in our analysis, which tallies with the fmd
ings repor ted by Fiorentini and Berardi (1984). This outcome gives 
weight to the hypothesis that the special frequency channels underlying 
these tasks have the same properties in the two hemispheres. 

Our results enable us to make suggestions as to the stage of informa
tion processing at which hemispheric differentiation may come into play. 
The absence of hemispheric differences observed in our study, however, 
makes it plausible that gratings are processed at a low level of sensory 
information processing, where a pattern is analyzed by both hemispheres. 
Thus, our data confirm the notion that hemispheric asymmetry does not 
appear in the perception of simple features of a visual pattern such as 
contour, luminance, sound volume, grating, and touch (Beaton & Blake
more, 1981; Dimond & Beaumont, 1974; Moscovitch, 1979; Moscovitch 
et al., 1976; Rotkin et al., 1977; Scotti & Spinnler, 1970; Sergent, 1982, 
1983; Wood, 1975). According to these authors, hemispheric asymmetry 
comes into play only at subsequent processing stages, at which higher 
order features, such as phonemes, words, or facial features, are identi
fied. Some evidence in support of this notion has been contributed by 
Fiorentini and Berardi (1984), who found that comparison of simple 
gratings, such as those used in our study, shows no hemispheric differ
ences, whereas a superiority of the right hemisphere appears in the 
processing of complex gratings. According to these authors, the per
ception of complex gratings is mediated by a different neuronal mecha
nism at a higher level of visual information processing. It is probable 
that hemispheric differences would appear when using other patterns 
of gratings, such as those used by Pollen, Nagler, Dougrnan, Kronauer, 
and Covanagh (1984), who found that cells react selectively to gratings 
of specific spatial frequency in posterior inferotemporal cortex in the 
owl monkey. 

The reported results warrant some comments on the various models 
of hemispheric differentiation in sensory information processing (Al
len's survey, 1983). The absence of hemispheric differences in grating 
perception suggests the inadequacy of unilateral specialization models, 
which postulate a distinct functional differentiation of the two 
hemispheres, and supports bilateral models, which postulate that both 
hemispheres in the normal brain have some share (either equal or not) 
in the processing of all sensory information. Our results suggest that 
the latter models fit the earliest stages of information processing in any 
case. At the same time, our data do not hear on the issue of hemispheric 
interaction as subsumed by cooperative interaction models, on the one 
hand, and negative interaction models (implying mutual or unilateral 
inhibition), on the other. 

The shorter reaction times to same than to different stimuli are worth 
further discussion. The same tendency-fewer errors to same than to 
different stimuli-was observed in our analysis of errors. This finding 
has been fairly often reported in experiments of verbal material (e.g., 
Bagnara, Boles, Simion, & Umilta, 1982, 1983; Boles & Eveland, 1983; 
Czachowska-Sieszycka, SzeIag, & Iastreboff, 1986; Howard, Kronseder, 
& Sissions, 1981; Moscovitch et al., 1976; Nickerson, 1972, 1978; 
Polich, 1980, 1982; Proctor, 1981). Our study suggests that the ten
dency is of a general type; that is, it is not restricted to one type of 
material. 

The finding that the matching of same stimuli takes less time than 
the matching of different stimuli with both verbal material and nonver
bal material suggests that the process involved may consist of hypothe
sis testing and that the first hypothesis to be tested by the physiological 
system may he the identity hypothesis. 
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