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Hemispheric Asymmetry for Components
of Visual Information Processing
Joseph B. Hellige

The left and right cerebral hemispheres of humans do not handle all aspects of
visual information processing with equal ability. Instead, each hemisphere is
better able than its partner to handle certain components of processing. Although there continues to be uncertainly surrounding exactly what the relevant components are, it has proved useful to decompose tasks into those
processing components that have been hypothesized by contemporary models of perception, cognition, and action. In this chapter, I review some of what
this componential approach has revealed about hemispheric asymmetry for
visual information processing. In keeping with the general theme of the book,
this review considers relationships among various models of visual laterality,
the major questions that remain to be answered before we have a truly comprehensive model of hemispheric asymmetry for components of visual processing
and the methodologic implications for the study of perceptual asymmetry.
The chapter begins with a brief discussion of what I call a componential
approach to the study of hemispheric asymmetry. This is followed by a review of research that demonstrates hemispheric asymmetry for each of three
processing distinctions that come from contemporary theories of visual information processing: (I)global vs. local processing, (2) low vs. high visuospatial
frequencies, and (3) coordinate vs. categorical spatial relationships. I then
discuss how these three processing distinctions may be related to one another
and consider the possibility that hemispheric asymmetries of all three types
may be different manifestations of the same thing. This is followed by a
discussion of certain parallels between hemispheric asymmetry for components of visual processing and hemispheric asymmetry for components of
auditory processing and for certain aspects of motor activity. Much of the
research presented here involves the study of perceptual asymmetries in neurologically intact persons. This being the case, the chapter ends with a brief
discussion of the methodologic implications of the research on hemispheric
asymmetry for components of visual processing.

A COMPONENTLAL APPROACH
Cognitive psychology and cognitive neuroscience are characterized by what
has come to be known as the information-processing or componential approach.

review recent studies using three such distinctions: (I)global vs. local aspects
of visual stimuli, (2) low vs. high visuospatial frequencies, and (3) coordinate
vs. categorical spatial relationships. In each case, the left and right hemispheres
seem biased toward efficient processing of different aspects of visual input.

Global vs. Local Aspects of Visual Stimuli
Visual stimuli contain many levels of embedded structure, with smaller (local)
patterns or parts contained within larger (global) patterns or wholes. According to various theories of visual information processing, the same sort of
hierarchic organization is contained in the internal representations that are
used to represent visual information. A particular pattern can be treated as
either global or local depending on the context in which it occurs. For example, a human hand might be considered as a global stimulus, with the thumb
being a local element. However, the same hand might be considered a local
element in the context of an entire human body. That is, local vs. global
patterns are defined by their relative place in what might be considered an
entire hierarchy of levels (e.g., Lamb, Robertson, and Knight, 1990; Palmer,
1977; Robertson, 1986).
In this section, I review evidence of hemispheric asymmetry for the processing of global vs. local levels of information in hierarchic visual patternsevidence that suggests the right hemisphere is superior to the left for the
processing of global levels whereas the left hemisphere is superior to the right
for the processing of local levels. This pattern of effects sheds light on the
nature of hemispheric asymmetry for components of visual processing and
also reinforces the notion that hierarchic information is an important aspect of
our internal representation of the visual world. The clearest evidence for this
particular aspect of hemispheric asymmetry comes from studies of patients
with unilateral brain injury, with at least some converging support coming
from visual half-field studies with neurologically intact persons.
A number of studies have presented brain-injured patients and neurologically intact persons with hierarchical stimuli similar to those shown in figure
5.1. Note that each of those stimuli consists of small letters (the local elements)
arranged in the shape of a large letter (the global pattern). Delis, Robertson
and Efron (1986) presented patients with a single pattern of the sort shown in
figure 5.1, and asked them to draw the pattern from memory after performing
a distractor task for 15 seconds. Patients with unilateral right hemisphere
injury often produced the correct local information (e.g., several small M ' s for
figure 5.Ia), but did not arrange those elements to produce the correct global
pattern. Patients with unilateral left hemisphere injury often drew the correct
global pattern (e.g., the large Z in figure 5.la), but omitted the local detail.
This pattern of results suggests that the right hemisphere is necessary for
normal processing of global aspects of visual patterns, whereas the left hemisphere is necessary for normal processing of the local aspects of those same
patterns.
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Some of the inconsistency in the visual half-field studies may reflect noisiness in the paradigm (e.g., Delis et al., 1986) or uncontrolled variation in a
host of input and task factors that often vary in an unsystematic way from
study to study (e.g., Hellige and Sergent, 1986; Sergent and Hellige, 1986).
These aspects of the visual half-field paradigm are discussed in more detail
below. It is also possible that, under some viewing conditions, interhemispheric transfer of information is so efficient in the intact brain that hemispheric differences are masked. In any event, taken together, the results from
Van Kleeck's meta-analysis (which included studies with negative as well as
positive outcomes) and from studies using patients with unilateral brain injury
leave little doubt about hemispheric asymmetry for processing global vs. local
levels of visual information in hierarchic visual patterns.
Low vs. High Visuospatial Frequency

A number of contemporary theories of visual processing note that each point
in the visual field is multiply encoded in the brain by size-tuned filters corresponding to overlapping receptive fields. According to one point of view, the
different scales of resolution are determined by outputs from neurons that are
tuned to intensity variations over spatial intervals of different sizes-i.e.,
tuned to different spatial frequencies (e.g., De Valois and De Valois, 1980). A
stimulus composed of a single visuospatial frequency consists of a regular
sinusoidal variation of luminance across space and looks like alternating dark
and light bars with fuzzy borders. Spatial frequency refers to the number of
complete dark-light cycles per unit of space. The more cycles per unit of space,
the higher the spatial frequency (figure 5.2). The concept of visuospatial frequency has received considerable attention because it is possible, in principle,
to decompose any complex image by analyzing which spatial frequencies are
present, their orientations, phase relationships, and so forth (e.g., Thomas,
1986). Thus, spatial frequency channels (or something very much like them)
could serve as important components of visual information processing.
The concept of visuospatial frequency has proved relevant for thinking
about hemispheric asymmetry for processing visual stimuli. Specifically, it has
been hypothesized that, at some level of processing beyond the sensory
cortex, the left and right hemispheres are biased toward efficient use of higher
and lower visuospatial frequencies, respectively (e.g., Sergent, 1982a,b, 1983,
1987a,b). Most tests of this hypothesis have involved divided visual half-field
experiments with neurologically intact persons and the results of those experiments have both theoretical and methodologic implications for the study of
perceptual asymmetry.
The spatial-frequency hypothesis about hemispheric asymmetry was developed as an attempt to explain various effects of input variables on visual
half-field asymmetry. In particular, various forms of perceptual degradation
tend to interfere more with performance when stimuli are projected to the
RVF/left hemisphere than to the LVF/right hemisphere. The types of perceptual
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point to limitations and to modifications of the original spatial-frequency
hypothesis. For example, Christman (1989) reviewed the results of those visual half-field studies published between 1965 and 1987 that included manipulations of input parameters that should influence the availability of different
ranges of visuospatial frequency. From this review, he concluded that there is
moderate support for the spatial-frequency hypothesis. The support seems to
be stronger from experiments that involve relatively direct manipulations of
spatial frequency than from studies whose manipulations are less direct. For
example, blurring (which tends to remove higher relative to lower spatial
frequencies) and low-pass filtering of stimuli (which removes higher spatial
frequency information from a stimulus in a very precise way) have been found
to produce greater impairment of RVF/left hemisphere performance (relative
to LVF/right hemisphere performance) in studies that involve a variety of
tasks. Such tasks have included letter processing of various sorts (e.g., Jonsson
and Hellige, 1986; Sergent, 1989; but see Peterzell, Harvey, and Hardyck,
1989), comparison of nonverbal line figures (Michimata and Hellige, 1987),
face processing (Sergent, 1985), and temporal integration (Christman, 1990).
Weaker support comes from experiments whose manipulations involve such
things as exposure duration, stimulus size, luminance, and retinal eccentricity-which
have only indirect effects on the range of spatial frequencies
available to be processed. Virtually no support comes from studies using
highly linguistic tasks like word identification and lexical decision, which may
indicate that hemispheric asymmetries for perceptual processes can be ovemdden by asymmetry for higher-level cognitive components of a task.
Effects of the range of visuospatial frequencies contained in a stimulus are
moderated by additional factors. For example, an important factor that also
influences visual half-field performance is the range of visuospatial frequencies
required for optimal performance of whatever experimental task is used. In fact,
in developing the spatial-frequency hypothesis, Sergent (1983) suggested
that, all other things being equal, a task that demands processing of the high
spatial frequencies contained in a complex stimulus will tend to produce a
RVF/left hemisphere advantage whereas a task that demands processing of
low spatial frequencies contained in the same stimulus will tend to produce a
LVF/right hemisphere advantage. Evidence consistent with this prediction
has been obtained with studies involving faces (e.g, Sergent, 1985; see also
Hellige, Jonsson, and Corwin, 1984) and in studies of temporal integration
(e.g., Chrishan, 1989, 1990).
All of the studies noted so far have used complex visual stimuli (e.g., letters,
numbers, faces) and varied perceptual characteristics so as to manipulate the
proportion of higher and lower spatial frequencies that are present. The manipulations used in many of these experiments have only indirect effects on
the spatial-frequency content of the stimuli, making it difficult to separate the
effects of spatial frequency from the effects of other input characteristics such
as stimulus perceptibility or the total amount of visible energy (e.g., Jonsson
and Hellige, 1986; Michimata and Hellige, 1987; Peterzell, 1991). Even when
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spatial frequency is manipulated in a direct manner (e.g., by low-pass filte '
it is very difficult in studies with complex stimuli to control exactly w
spatial frequencies convey the information needed to perform whatever
is required. One way to circumvent these problems is to use sine wave
ings such as those shown in figure 5.2. A sine wave stimulus consists of
a single spatial frequency, so that we know precisely not only what frequen
is present on each trial but what frequency must be processed in order t
perform whatever task is being required. With this in mind, Fred Kitterl
Steve Christman and I set out to determine whether visual half-field asym
metries for processing such stimuli varied with spatial frequency in the mann
predicted by the spatial-frequency hypothesis of hemispheric asymmetry.
What we have found is clear evidence for certain aspects of the hypothesis as
well as important qualifications.
In an initial series of experiments, we (Kitterle, Christrnan, and Hellige,
1990) projected sine wave gratings similar to those shown in figure 5.2, to the
LVF/right hemisphere or RVF/left hemisphere of neurologically intact university students, with the gratings varying in spatial frequency (I vs. 9
cycles/degree of visual angle). Stimulus duration in the various experimenh
ranged between 20 and 160 ms and the number of experimental trials used in
the experiments ranged from 360 to 1680. For some experiments, the task d
the observer was to indicate on each trial whether or not a grating stimulus
had been presented, without regard for its spatial frequency. In these slim
ulus detection experiments, there was no interaction between Visual Fieldl
Hemisphere and Spatial Frequency. This replicated earlier experiments
stimulus detection paradigms and indicates that the left and right hemisp
are equally sensitive to both low (1cycle/degree) and high (9 cycles/de
spatial frequencies when computational demands are minimal. Such resul
consistent with the claim that any hemispheric differences related to spa
frequency must result from processing beyond the sensory level (e.g., Serg
For other experiments, observers were required to identify whether
grating shown on a trial was the "wide" (low frequency) stimulus or
"narrow" (high frequency) stimulus. In these stimulus identification experim
there was a LVF/right hemisphere advantage for responding to the low
quency (I cycle/degree) stimulus but a RVF/left hemisphere advantage
responding to the high frequency (9 cycleddegree) stimulus. This Vi
Field/Hemisphere x Spatial Frequency interaction is illustrated in figure
for two different experiments and is in the direction predicted by the spa
frequency hypothesis. In still other experiments, we (Christman, Kitterle
Hellige, 1991) show that the same interaction extends to complex g
that are either made up of two low frequency gratings superimposed (
1.0 cycle/degree of visual angle) or made up of two higher frequency gra
superimposed (4 and 8 cycleddegree of visual angle). In addition, Kitterle
Selig (1991) have reported the same Visual Field/Hemisphere x Spatial
quency interaction pattern in a stimulus discrimination task that required
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Figure 5.3 Reaction time to identifv vertical sine wave nratines of I and 9 cvcles Der decree
of visual angle when the gratings were flashed briefly t o either the left visual field/&ht
hemisphere (LVF/RH) or the right visual field/left hemisphere (RVF/LH). The top panel (A)
shows results from Experiment 4 reported by Kitterle, Christman, and Hellige (1990). with the
results averaged across three levels of stimulus contrast. The bottom panel (B) shows results
from Experiment 5 reported by Kitterle et al. (1990). with the results averaged across three
levels of stimulus duration.

servers to indicate whether the second of two success~velypresented gratings
was of higher or lower frequency than the first.
The experiments just reviewed indicate that the spatial frequency contained
in the stimulus input is an important determinant of visual half-field asymmetry, but only when the task requires the observer to use information about
spatial frequency or st~mulusidentity. The results of an additional experiment
(Kitterle, Hellige, and Christman, 1992) indicate that visual half-field asymmetry for a slightly more complex stimulus also depends on which of the
spatial frequencies contained in the stimulus are relevant for performing the
task that is required. To examine whether this would be the case, we had
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Figure 5.4 Reaction time to respond to square wave stimuli for the WideINarrow task and
for the SharplFuzzy task when stimuli were flashed briefly to either the left visual field/right
hemisphere (LVFIRH) or the right visual fieldIleft hemisphere (RVFILH). (After Kitterle,
Hellige, and Chnshnan, 1992.)

observers respond to the same four stimuli during two different experimental
tasks. Two of the stimuli were sine wave gratings of different spatial frequencies (I vs. 3 cycleddegree of visual angle). The other two stimuli were
square wave gratings that had fundamental frequencies of 1 vs. 3 cycles per
degree of visual angle. Note that a square wave stimulus consists of altemating dark and light stripes with sharp edges, in contrast to a sine wave stimulus
where there is regular alternation but with no sharp edges. A square wave
stimulus consists of several well-defined spatial frequencies. The lowest frequency is the fundamental frequency and corresponds to the width of the bars
(i.e., the number of cycles per unit of space). Information about the sharp edge
is conveyed by much higher spatial frequencies, the odd higher harmonics of
the fundamental frequency. It is these pmperties that allow us to use different
tasks that direct observers' attention to relatively low or high spatial

single stimulus presented on a trial was one of the two wide stimuli (I cycle/degree) or one of the two narrow stimuli (3 cycleddegree), regardless of
whether the bars appeared to have fuzzy or sharp edges. Note that this task
requires observers to attend to the relatively low fundamental frequencies.
The other task required the observers to indicate as quickly as possible whether the single stimulus presented on a trial was one of the two stimuli with
fuzzy edges (the sine wave stimuli) or one of the two stimuli with sharp edges
(one of the two square wave stimuli), regardless of the width of the bars. Note
that this task requires observers to attend to the relatively high harmonic
frequencies. The critical results concern visual half-field asymmetries for processing the square wave stimuli (which contain a wide range of spatial frequencies) during each of the two tasks. As illustrated in figure 5.4, for the
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wideharrow (i.e., attend to low frequencies) task there was a LVF/right hemisphere advantage but for the sharp/fuzzy (i.e., attend to high frequencies) task
there was a RVF/left hemisphere advantage. Because exactly the same stimuli
are used for both tasks, these results cannot be attributed to the range of
spatial frequencies contained in the stimuli. Instead, the relevant factor is
whether the range of frequencies that was relevant is relatively high or rela-

tage for processing a particular spatial frequency can depend on the context
in which that frequency occurs. For example, a sine wave grating of 2 cycles
per degree of visual angle is processed more efficiently on LVF/right hemisphere trials when it is the lowest of three spatial frequencies in a complex
stimulus, but the same 2-cycles-per-degree grating is processed more efficiently on RVF/left hemisphere trials when it is the highest of three spatial
frequencies in a complex pattern. In this sense, it makes a difference whether
the spatial frequency that is critical for performing a task is high or low relative
to the other frequencies presented in a complex stimulus.
To summarize the findings from these experiments, at least three aspects of
spatial frequency influence visual half-field asymmetry: (I)the absolute range
of spatial frequencies contained in the input, (2) the range of spatial frequencies that is most relevant for whatever task is being performed, and (3)
whether the most relevant frequencies are high or low relative to other frequencies contained in the stimulus. Because different characteristics of a com-

such stimuli are influenced by manipulations of spatial frequency. However,
given the complexity of the present findings it is also not surprising that it is
difficult to extrapolate to complex stimuli without taking several factors into

Coordinate vs. Categorical Spatial Relationships
The two processing distinctions that have been discussed so far both have to
do with processing information about the idenfify of a visual stimulus. An
equally important aspect of visual information processing is the ability to
localize a visual stimulus in space. Kosslyn and his colleagues have proposed
that the brain computes two different kinds of spatial-relation representations,
one which is used to assign a spatial relation to a category such as "on" or
"above" and another which preserves location information using a metric
coordinate system in which distances are specified with precision (e.g.,
Kosslyn, 1987; Kosslyn et al., 1989, 1990, 1992). One way to provide converging evidence about the plausibility of this distinction is to show that
the two proposed types of spatial-relation representations have different
neurologic substrata. It has been hypothesized that the left and right hemispheres make more efficient use of the categorization and coordinate processing subsystems, respectively.
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Evidence consistent with this hypothesis about hemispheric asymmetry
was first obtained in a series of visual half-field experiments summarized by
Kosslyn (1987) and reported in more detail by Kosslyn et al. (1989). In gen-
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left hemisphere advantage for computing categorical spatial relationships. For

1

L

horn ("off") the blob by one of several distances. Their observers peifonned

1

whether the dot was within a distance of 2 mm from the blob. There was a
significant Task x Visual Field/Hemisphere interaction, there being a RVFI
left hemisphere advantage for the on/off task and a LVF/right hemisphere

I

hypothesis by having observers either indicate whether a dot was above or

1

distance task referred to as the Near/Far task). Consistent with Kosslyn's
hypothesis, there was a Task x Visual Field/Hemisphere interaction, with

1

sphere advantage approached statistical significance and for the Near/Far task
there was a highly significant LVF/right hemisphere advantage. We have

I

left-handed observers showing an interaction pattern in the predicted direction). A similar interaction for right-handed observers has been reported by

I

1

Kosslyn et al. (1989) used their own version of these Above/Below and
Near/Far tasks and found a similar Task x Visual Field/Hemisphere interaction on an initial block of trials. However, with their stimuli and viewing
parameters, the interaction disappeared quickly with practice. Using these
same stimuli, Elizabeth Cowin and I (Cowin and Hellige, 1994) obtained a
similar result-as
did Koenig, Reiss, and Kosslyn (1990) in a study with

I

r

al. (1989) suggest that when observers are presented with a coordinate or
distance judgment task they may learn to form stimulus categories after SUBcient practice, so that coordinate processing becomes unnecessary.
Not all experimental results have been so favorable to the hypothesis about
hemispheric asymmetry for processing categorical or coordinate spatial relationships. For example, although Sergent (1991) replicated the results reported
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by Hellige and Michimata (1989) when the luminance of her stimuli was
sufficiently low, the critical Task x Visual Field/Hemisphere interaction disappeared when the luminance increased and the tasks became easier. Sergent
also failed to find the critical interaction for a set of additional tasks that are
hypothesized to require either categorical or coordinate spatial judgments.
What she did find was that the absolute distance between stimuli sometimes
influenced performance in tasks that would be regarded as categorical. O n this
basis, Sergent argued that the distinction between categorical and coordinate
types of spatial representation is, at best, unclear. It is obviously important for
future experiments to reconcile what seem to be inconsistent empirical results.
However, it should also be noted that several neural network simulations
presented by Kosslyn et al. (1992) show that models that code only categorical information about whether a dot is above or below a line are still sensitive
to the distance between the dot and the line. Thus, the presence of distance
effects in a categorical task does not necessarily invalidate the categoricalcoordinate distinction. Other simulation models have also been able, to some
extent, to mimic the disappearance of the critical Task x Visual Field/
Hemisphere interaction with increases in contrast. O n this basis, Kosslyn et al.
(1992) argue that the disappearance of hemispheric asymmetries at high luminance or contrast does not necessarily invalidate their hypothesis.

RELATIONSHIPS AMONG THE COMPONENTS OF VISUAL
PROCESSING
Research on hemispheric asymmetry for the three dimensions of visual information processing discussed in the preceding section developed independently, as if the three dimensions were separable. Although they may be
separable in some ways, there is increasing evidence that they are also interrelated in important ways. In this section I consider the nature of those interrelationships and whether the three aspects of hemispheric asymmetry might
even be different manifestations of the same thing.
There is a very clear relationship between global and local aspects of a
visual stimulus and low vs. high visuospatial frequency. In general, information about the global aspects of a stimulus (e.g., the large Z in figure 5.1a) is
camed by a lower range of visuospatial frequencies than is information about
the local aspects of the same stimulus (e.g., the small M s in figure 5.1a). This
relationship makes it likely that hemispheric asymmetry for processing global
vs. local information and for utilizing low vs. high spatial frequencies are
manifestations of the same processing difference between the hemispheres.
This possibility receives additional support from the fact that hemispheric
asymmetry extends to relatively high and low spatial frequencies (see the
earlier discussion of Christman et al., 1991), because whether a stimulus of a
particular size is global or local depends on its relative place in a hierarchy of
levels. It is also interesting to note that there is growing evidence that spatiaifrequency differences between the global and local levels are particularly

Hellige: Components of Visual Processing

the global/local and low/high frequency distinctions, at the present time there
is insufficient evidence to decide whether one of the distinctions is more
fundamental than the other as a way of describing hemispheric asymmetry for
components of visual information processing.

lar asymmetry arose as the result of left hemispherhdominance for thecontrol
of speech output and right hemisphere dominance for the control of rapid

I

asymmetry for the other two dimensions. However, Kosslyn et al. (1992) have
presented an alternative account that suggests the possibility of a rather
strong relationship. O n this view, hemispheric asymmetry for processing spatial relationships is related to the nature of the visual information that is most

I

tively large, overlapping "receptive fields" compute coordinate information
(e.g., Is a dot within 3 mm of a line?) better than networks with relatively
small, nonoverlapping "receptive fields." Exactly the reverse was found for the
computation of categorical information from the same stimuli (e.g., Is a dot
above or below a line?). Based on this, and on the findings reviewed earlier
about hemispheric asymmetry for processing spatial relationships, Kosslyn et
al. suggest that the left hemisphere is biased in favor of information from
visual channels with small, nonoverlapping visual fields, whereas the right
hemisphere is biased in favor of information from visual channels with large,
overlapping visual fields. Consistent with this possibility, they cite Livingstone as having suggested that magnocellular ganglia (which have rela-

I

tial frequency and visual channels with large receptive fields and between high

Some preliminary support for the idea that hemispheric asymmetry for
processing categorical vs. coordinate spatial relationships is related to herni-

1994). Participants in our experiment performed either the Above/Below task
or the Near/Far task described earlier for stimuli consisting of a dot and a line
on each trial. In addition, the dot and line stimuli were either presented clearly
or were blurred by having observers wear distorting lenses. The method of

rn

consistently disrupted performance of the ~ b o v e / ~ e l otask,
w suggesting that
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coordinate vs. categorical spatial relationships). To the extent that the differ-

It is also interesting to consider how such asymmetries might arise during
the course of ontogenetic development. Relative to adults, the visual sensory
system of newborns is especially limited in its transmission of information
carried by high spatial frequencies (for reviews, see Banks and Damemiller,
1987; de Schonen and Mathivet, 1989). At the same time, there is evidence
that the development of various brain areas is more advanced in the right
hemisphere than in the left hemisphere at the time of birth and, perhaps, for a
short time thereafter (for discussion of asymmetries in cortical development,
see Corballis, 1991; de Schonen and Mathivet, 1989; Geschwind and Galaburda, 1987; Hellige, 1993; Sergent, 1987b; Turkewitz, 1988). A possibility
that I have elaborated elsewhere (e.g., Hellige, 1993) is that a certain critical

graded visual input, the right hemisphere is not only predisposed to become
dominant for processing low spatial frequencies but is less able than the left to
take full advantage of higher frequencies when they finally appear. The resulting hemispheric differences in visual processing would influence asymmetry
for any task that depends on the relevant aspects of visual information, whether the task requires stimulus identification or stimulus localization. Although
speculative, this ontogenetic scenario seems sufficiently plausible to merit
additional investigation.

PARALLELS IN AUDITORY PROCESSING AND MOTOR
PERFORMANCE
Although this chapter deals with hemispheric asymmetry for components of
visual processing, it is interesting to consider parallels that do not involve
vision. One interesting parallel comes from recent studies of hemispheric
asymmetry for processing auditory information. In particular, hemispheric
asymmetry for auditory stimuli has been found to be related to temporal
frequency. For example, in a pitch discrimination task, Ivry and Lebby (1993)

B
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preferentially to the right hemisphere), but were faster and more accurate in

1

interesting

to what has been observed in vision, buHt is not clear how

1

alities, the two hemispheres process information through different asymmetric
filters. More specifically, they suggest that the right hemisphere filter is, in
some sense, tuned to lower spatial and temporal frequencies than is the left

I

Perceptual, Cognitive, and Motor Lateralization

hemisphere filter. This is an interesting possibility in view of visual research
reported by Rebai et al. (1986; see also Rebai et al., 1989). They have found
that evoked potentials recorded over temporal (but not occipital) leads show
opposite hemispheric asymmetries depending on whether a sine wave grating
reversed its phase at low (e.g., 4 Hz) or high (e.g., 1.2 Hz) temporal frequencies. Specifically, the right hemisphere was more responsive than the left at
low temporal frequencies, but the left hemisphere was more responsive than
the right at high temporal frequencies. Future research that begins to look for
a relationship between spatial and temporal frequencies and between vision
and audition is likely to prove very interesting.
An interesting parallel to what we have seen in vision is also provided by
Guiard (1987; see also Hammond, 1990) in an account of the asymmetric
division of labor between the two hands. Guiard proposes that the two hands
work together in what is called a kinematic chain, with the nondomlnant hand
performing movements of low temporal and spatial frequency and with the
dominant hand building on those movements to perform its own movements
of high temporal and spatial frequency. One illustration of this division of
labor is what occurs during handwriting, where the nondominant hand arranges and steadies the paper (relatively few large-scale movements) while the
dominant hand makes frequent, smaller movements of the writing instrument.
Note that each hand is controlled primarily by the contralateral hemisphere,
so that in right-handers the direction of this asymmetry is consistent with
what has been observed in visual processing. More research is clearly needed
to see whether this is more than an interesting coincidence. One possibility is
that certain motor areas of the right hemisphere are more fully developed than
homologous areas of the left hemisphere at a time in development when only
gross movements (and sensory feedback about them) are available to the
brain, encouraging the right hemisphere to become dominant for making such
movements. This might be followed by a time when the left hemisphere
reaches sufficient development to be shaped by the more precise movements
(and sensory feedback about those movements) that have become possible.
When a more componential approach has been used to decompose performance, some very interesting parallels have begun to emerge among visual,
auditory, and motor asymmetries. Among other things, this illustrates the
potential value of what I have called the componential approach to the study
of hemispheric asymmetry. It would be premature to argue that there are
necessarily strong connections between these various asymmetries. However,
we have already seen how certain aspects of visual asymmetry are related in
important ways, and parallels such as those just noted suggest the possibility
that these relationships go beyond vision.

METHODOLOGIC IMPLICATIONS FOR STUDIES OF PERCEPTUAL
ASYMMETRY
Much of what we know about hemispheric asymmetry for components
of visual informat~onprocessing has come from visual half-field studies of
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perceptual asymmetry. There is little doubt that hemispheric asymmetry is
one important determinant of perceptual asymmetry. Very clear evidence of
this comes from the results of visual half-field experiments with the so-called
split-brain patients, who have had the corpus callosum surgically severed in

I

caused by the fact that the left hemisphere is typically dominant for a number

1

are found in n~urologic~lly
intact observers (albeit typically with reduced
magnitude) indicates that hemispheric asymmetry influences perceptual asymmetry even when the brain is intact. Thus, visual half-field experiments have
become an important tool in the investigation of hemispheric asymmetry.
To be sure, visual half-field differences in neurologically intact persons can
be influenced by a number of factors in addition to hemispheric asymmetry.
For example, when several stimuli are presented on the same trial, perceptual
asymmetry can be influenced by a consistent bias to scan one visual half-field
first, especially if some stimuli are in the RVF and others are in the LVF (e.g.,

only a single stimulus on each trial, keeping the stimulus duration sufficiently

discussion of various potentially important factors and ways of controlling for
their effects can be found in Beaumont (1982), Bryden (1982), and Hellige
(1983a), and in a special issue of Brain and Cognition (1986, Vol. 5 , No. 2).
The studies of visual half-field asymmetry discussed in this chapter wen
conducted in a way that should minimize the contribution of unwanted
factors and maximize the likelihood that the theoretically interesting results
reflected information processing differences between the hemispheres. In addition, it is important to note that the critical theoretical predictions have had
far less to do with an overall or main effect of visual field than with various
Task Variable x Visual Field/Hemisphere interactions. For example, it is the
prediction that visual-field differences change in a particular way for low and
high spatial-frequency gratings or for global and local aspects of visual stimuli
that is important, not an overall visual-field advantage (or even the simple
visual-field difference for one particular stimulus). As I have illustrated elsewhere (e.g., Hellige, 1983b; see also Hellige, 1991, in press; Hellige and
Sergent, 1986), such Task Variable x Visual Field/Hemisphere interactions
are usually more difficult to dismiss as artifacts of nonhemispheric factors than
are main effects of visual field or the simple effects of visual field at any one
level of some task variable. In fact, a perceptual asymmetry in one condition
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considered completely in isolation is almost impossible to interpret (e.g.,
Efron, 1990; Hellige, 1991). Therefore, an additional benefit of the componential approach to the study of hemispheric asymmetry is that the important
predictions almost always are about the form of one or more Task Variable x
Visual Field/Hemisphere interactions.
The fact that the two hemispheres are asymmetric in their processing of
visual information is of obvious theoretical importance. In fact, the theoretical
implications are the main focus of this chapter. However, the existence of such
effects is also of considerable methodologic importance in the design and
interpretation of visual half-field studies, especially when the purpose of the
studies is to examine hemispheric asymmetry for something other than visual
processing per se (e.g., semantic categorization or some other equally abstract,
nonvisual aspect of cognition). In any visual experiment, relevant stimuli must
be presented very briefly and to off-center areas of the retina that are not the
most well adapted for identifying visual stimuli. In this sense, the entire paradigm may be particularly susceptible to hemispheric asymmetries that occur
relatively early in visual processing, and this might tend to obscure asymmetry for more abstract aspects of processing. In addition, in any visual
half-field experiment, the stimuli must be presented at some specific size,
location from the center of the fovea, duration, luminance, contrast, and so
forth. The results reviewed here indicate that many of these input factors can
influence the direction and magnitude of visual half-field asymmetry. This is
almost certainly one reason for variation in the results of experiments that
differ in the values of input parameters but that are otherwise very similar.
This being the case, it is critical that input parameters be held constant across
all conditions in visual half-field experiments that are not, themselves, designed to manipulate input parameters. It is equally important that the possible effects of different input parameters be considered in comparing what
seem to be similar experiments reported by different authors or conducted in
different laboratories.

CONCLUDING COMMENTS

I began the chapter by noting that the left and right hemispheres of humans
do not handle all aspects of visual information processing with equal ability.
My purpose has been to review what I see as the most promising approaches
for understanding exactly what the critical differences are. It is interesting that
some of these hemispheric asymmetries can be described by three processing
distinctions that come from contemporary theories of visual information processing: (I)global vs. local processing, (2) low vs. high visuospatial frequencies, and (3) coordinate vs. categorical spatial relationships. It is even more
interesting that these three processing distinctions seem interrelated in a variety of ways, so that the three aspects of hemispheric asymmetry may be
different manifestations of the same underlying mechanisms. I have speculated
about what those mechanisms could be and how the asymmetries might

Hellige: Components of Visual Processing

emerge during the course of ontogenetic development. Although I suspect
that many of the speculations will be proved wrong, at least in terms of their
particulars, they point toward a number of fruitful research directions for the
future.
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