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Kosslyn (1987) theorized that the left and right hemispheres differ in processing categorical and
coordinate spatial relationships, respectively. Previc (1990) hypothesized that the upper and lower
visual fields are functionally specialized for visual search and visuomotor manipulations, respec
tively. Conceptual similarities between these two theOries suggested possible upper visual field ad
vantages for categorical judgments and lower visual field advantages for coordinate judgments. In
the present two experiments, subjects made either categorical or coordinate judgments to stimuli in
the upper left, upper right, lower left, or lower right visual fields. The first experiment manipulated
categorical/coordinate judgments as a between-subjects variable. The second experiment manipu
lated categorical/coordinate judgments as a within-subjects variable. In the first experiment, reac
tion times (RTs) for categorical judgments were equal in all visual fields except the lower left, in
which RTs were slower. For coordinate judgments, RTs were equal in all visual fields except the
lower left, in which RTs were faster. In general, these effects were replicated in the second experi
ment. However, there appeared to be consequences associated with manipulating the categorical/co
ordinate variable in a within-subjects fashion. The requirements of visual search versus visuomotor
processes appear to map onto the nature of categorical versus coordinate processing, respectively,
suggesting possible upper-lower visual field differences in categorical versus coordinate processing.

Kosslyn (1987) hypothesized that the visual system
has two primary functions: (1) recognizing objects and
their parts and (2) navigating through space and tracking
moving objects. Kosslyn theorized that in order to ac
complish the first function, the visual system makes use
of the categorical spatial relations among an object's parts,
asserting that the categorical relations among the parts of
an object remain il1Variant over a number of possible po
sitions they may occupy. For example, although a dog may
move in an infinite number of possible ways, the cate
gorical relationships among its parts does not change; its
forearm is still connected to the shoulder, its eyes are still
inside its head, and so on. The visual system would use
this categorical spatial information to recognize the ob
ject as a dog. Kosslyn hypothesized that the left cerebral
hemisphere would be superior at making these types of
computations.

To accomplish the second function, the visual system
would have to make a representation ofprecise distance.
In order to successfully walk around a room, it is not
enough to know that a table is "in front" of you or that a
door is "to your left." In order to successfully navigate
through space and track moving objects, the system must

Correspondence should be addressed to C. Niebauer, Psychology
Departmem, Saginaw Valley State University, 7400 Bay Road, Univer
sity Center, MI 48710 (e-mail: chris5264@aol.com).

make precise, coordinate spatial relationship representa
tions. Kosslyn (1987) hypothesized that the right hemi
sphere would be superior at coordinate judgments.

A number of conceptual similarities can be observed
between Kosslyn's (1987) left-right hemisphere distinc
tion and Previc's (1990) distinction between the upper
and lower visual fields. Previc argued that most reaching
and grasping behavior occurs in the lower visual field,
whereas visual search and object recognition occur in the
upper visual field; thus, the lower and upper visual fields
became specialized for these types of processes. Visual
information about objects close to the observer tend to be
available in the lower visual field. This proximity allows
the observer to engage in the reaching and grasping of
objects in this near space-what Previc referred to as "peri
personal space." Reaching and grasping involve making
visuomotor judgments of precise distance similar to the
types of coordinate computations proposed by Kosslyn.
To reach and successfully grasp something, one must use
information about the precise distance ofthe object. There
fore, it was predicted that a lower visual field advantage,
in addition to a left visual field advantage, would be found
for coordinate judgments.

Previc (1990) also suggested that objects far from an
observer (in extrapersonal space) are primarily processed
in the upper visual field. An observer would typically en
gage in visual search and object recognition for objects in
extrapersonal space. Thus, the upper visual field became
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specialized for these processes. It is possible that object
recognition in the upper visual field may be achieved by
the categorical processes that Kosslyn (1987) hypothe
sized. Therefore, it was predicted that an upper field ad
vantage, in addition to a right visual field advantage,
would be present for categorical judgments.

Two experiments were carried out using the line and
dot stimuli, created and used by Hellige and Michimata
(1989). The line and dot stimuli, upon which subjects were
to make either categorical or coordinate judgments, ap
peared in the upper left, upper right, lower left, or lower
right visual fields.

EXPERIMENT 1

Method
Subjects. Thirty-six subjects with normal or corrected-to-normal

vision participated for course credit. All were right-handed with no
left-handed relatives, as assessed by a short handedness questionnaire.

Apparatus and Stimuli. All stimuli were presented on an Apple
color high-resolution RGB monitor run by a Macintosh II computer.
Stimulus presentation was controlled using MacLaboratory Psychology
software (Version 2.0). Stimuli were composed of a line that subtended
1.2' of visual angle and a dot that could appear in one of 12 positions,
6 above the line and 6 below. The dot subtended approximately .16' of
visual angle. Dots were spaced .16' apart, with the exception ofthe third
and fourth dots, which were spaced .24' apart. Stimuli appeared in black
on a white background. Stimuli were presented in the upper left, upper
right, lower right, and lower left of center. Each stimulus was presented
such that the nearest part of the line was 2' to the left or right and 2'
above or below a centrally presented fixation point. Stimulus presenta
tion was randomized. Subjects sat at a viewing distance of70 em.

Procedure
A central X served as a fixation point and was present during all

trials. The line and dot stimuli appeared in one of the four visual field
locations for 150 msec. Subjects were told to keep visual fixation on
the center X for the entire experiment. Task (categorical or coordi
nate) was run as a between-subjects variable. Subjects who ran in the
categorical task were told to press one key if the dot was above the line
and another if it was below the line, and subjects who ran in the coor
dinate task were told to press one key if the dot was near the line and
another if it was far from the line. There were four replications of each
dot position in each visual field. Since individual dot location was not
of interest, this gave 48 replication per trial type. Hand of response
was counterbalanced. Subjects received a minimum of 10 practice
trials before beginning the experiment. A task (categorical vs. coordi
nate) X upper versus lower visual field x left versus right visual field
experimental design was used.

Results
Reaction time (RT) and error data were analyzed using

a 2 (upper vs. lower visual field) X 2 (left vs. right visual
field) X 2 (categorical vs. coordinate task) analysis of
variance (ANOVA). A main effect of task was present for
both RT and errors. For RT there was an advantage for
the categoricaitask [F(1 ,34) = 14.38,p = .001]. This effect
was also present in the error analysis [F(1,34) = 9.70,p =
.004]. All further effects refer to RT data, since no fur
ther significant effects were present for the error data.
RT means for each task in each visual fields were as fol
lows: For the categorical task, upper left = 516, upper
right = 512, lower left = 534, and lower right = 518. For

the coordinate task, upper left = 626, upper right = 630,
lower left = 604, and lower right = 626.

There was an interaction between upper and lower vi
sual fields and task [F(1,34) = 7.94,p = .008] in addition
to an interaction between left and right visual fields and
task [F(1,34) = 6.09,p = .009]. These two-way interac
tions were qualified by a three-way interaction between
upper versus lower X left versus right X task [F(1 ,34) =
6.09,p = .019]. These interactions were driven primarily
by the relationship of the lower left visual field to the
other three visual fields, lower right visual field, upper
left visual field, and upper right visual field.

Each task was analyzed separately in order to further
investigate this finding. For the categorical task, RTs to
the lower left visual field were slowest and RTs to each
of the other three visual fields were similar. Tests of the
simple effects showed that RTs in the lower left visual
field were significantly different from those in each of
the other three visual fields (ps < .05). This pattern ofre
sults is presented in Figure 1. Collapsing the upper and
lower visual fields yielded support for Kosslyn's (1987)
theory in a marginally significant right visual field ad
vantage [F(1, 17) = 4.17, P = .057]. Collapsing the left
and right visual fields yielded support for Previc's (1990)
theory in a marginally significant upper visual field ad
vantage [F(1,17) = 3.94,p = .064].

The reverse was true for the coordinate task. For the
coordinate task, RTs were fastest when the stimuli were
presented in the lower left visual field and equally slow
for the other three visual fields. Tests of the simple ef
fects show that RTs to the lower left visual fields were
significantly different from those to each of the other
three visual fields (ps < .05). For the coordinate task, there
was a two-way interaction between upper versus lower
and left versus right visual fields [F(1, 17) = 5.04, P =
.038]. This pattern is presented in Figure 1.

Collapsing the upper and lower visual fields yielded
support for Kosslyn's (1987) theory in a marginally signif
icant left visual field advantage [F(1, 17) = 3.80,p = .068].
Collapsing the left and right visual fields yielded sup
port for Previc's (1990) theory in a marginally signifi
cant lower visual field advantage [F(1,17) = 4.0l,p= .061].

Discussion
Experiment I demonstrated that in addition to left and right visual

field differences, upper and lower visual field differences are found
using tasks that require categorical or coordinate spatial processing.
Upper and right visual field advantages were present for the categor
ical task, and lower and left visual field advantages were present for
the coordinate task. In addition, these differences seemed to have re
sulted primarily from differences between the lower left visual field
and the other three visual fields.

EXPERIMENT 2

A second experiment was conducted to replicate Ex
periment 1. All experimental methods were identical to
those in the first experiment with the following exceptions.
The task variable was manipulated as a within-subjects
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Figure 1. Reaction time (RT) performance for categorical and coordinate tasks
across four visual fields for Experiment 1 (top) and Experiment 2 (bottom). UL,
upper left visual field; UR, upper right visual field; LL, lower left visual field; LR,
lower right visual field.

variable. Twenty-eight right-handed subjects with no
left-handed relatives made categorical and coordinate
judgments. Task order was counterbalanced so that one
half of the subjects performed the categorical task first
and the other half performed the coordinate task first.

Results
RT and error data were analyzed using a 2 (upper vs.

lower visual field) X 2 (left vs. right visual field) X 2
(categorical vs. coordinate task) ANOVA. A main effect
of task was marginally significant [F(I,27) = 2.87,p =

.10 I] in the RT data and significant in the error data
[F(l,27) = 113.38,p < .001]. As in the first experiment,
better performance was found for categorical judgments
in both RT and errors. The only other significant effect
in the error data was a main effect for visual field: Fewer
errors occurred in the right visual field [F( 1,27) = 4.08,
P = .053]. All other reported effects refer to the RT data
unless otherwise noted. RTs for each task in each visual
field were as follows. For the categorical task, upper
left = 547, upper right = 536, lower left = 556, lower
right = 541. For the coordinate task, upper left = 580,
upper right = 582, lower left = 557, lower right = 572.
These data are presented in Figure I.

An interaction between upper versus lower visual
fields and task [F(I,27) = 24.67,p < .001] in addition to
an interaction between left versus right visual fields and
task [F(I,27) = 16.06, P < .001] was present. As in the
first experiment, each task was analyzed separately.

For the categorical task, the upper visual field advan
tage was not significant [F(l ,27) = 2.50, P = .125]; how
ever, the right visual field advantage was significant
[F( I ,27) = 12.49, P = .00 I]. Tests of the simple effects
show that the lower left visual field was significantly dif
ferent from both the upper right and lower right visual
fields (bothps < .05), whereas the lower left visual field
was not significantly different from the upper left visual
field (p = .154).

For the coordinate task, a lower visual field advantage
[F( I ,27) = 18.52,P < .00 I] and a left visual field advantage
[F( I ,27) = 4.85, P = .036] were significant. In addition,
a two-way interaction between the upper and lower and
the left and right visual fields was significant [F(l ,27) =
3.98,p = .056]. Tests of the simple effects show that RTs
to the lower left visual field were significantly different
from those to the other three visual fields (all ps < .05).

An additional analysis was performed to investigate the
effects of task order. A mixed design ANOVA was per-
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formed on the data with task order as a between-subjects
variable. Only additional effects are reported. A task X
task order interaction was present [F(1,26) = 6.99, p =
.014]. This effect was such that a main effect of task was
present only when the categorical task was performed
after the coordinate task [F(1,13) = 5.89, p = .030]. In
addition, a three-way interaction between left versus right
visual fields, upper versus lower visual fields, and task
order was marginally significant [F(I,26) = 3.05,p= .092].

This prompted an additional analysis ofeach task alone,
taking into consideration whether that task had been per
formed first or second. When the categorical task had been
performed first, an upper visual field advantage was pre
sent [F(1,13) = 4.91,p = .045], as was a right visual field
advantage [F(1,13) = 8.80,p = .011]. However, when the
categorical task had been performed second, although
the right visual field advantage remained significant
[F(1,13) = 5.10,p = .042], the upper visual field advan
tage was not present (F < 1). Similarly, when the coordi
nate task had been performed first, both upper [F( 1,13) =
20.165,p < .001] and left visual field advantages were
significant [F(1,13) = 5.56,p = .035]. However, when
the coordinate task had been performed second, the
upper visual field advantage was only marginally signif
icant [F(I,13) = 4.255,p = .060], and the left visual field
advantage was nonsignificant [F(I,13) = 1.08,p = .316].

Discussion
In general, the effects present in the first experiment were present

in the second experiment. As in the first experiment, lower and left vi
sual field advantages were present for the coordinate task and a right
visual field advantage was present for the categorical task. Again,
these visual field differences were being carried by differences be
tween the lower left visual field and the other three visual fields. The
upper visual field advantage for categorical judgments was restricted
to the performance of subjects who did the categorical task first. This
suggests that manipulating categorical and coordinate spatial tasks in
a within-subjects design may have effects on visual field differences
not controlled by counterbalancing the order of task presentation.

GENERAL DISCUSSION

Overall, the results of both experiments suggest that the left-right
distinction based on categorical and coordinate spatial relations judg
ments may be extended to the specialization of the upper and lower vi
sual fields. Tests of Kosslyn's (1987) theory have primarily been lim
ited to presentation of stimuli in the right and left visual fields (David
& Cutting, 1992; Hellige & Michimata, 1989; Kosslyn, 1987; Laeng
and Peters, 1995).

The present findings, however, suggest some interesting relation
ships between left versus right and upper versus lower visual field pro
cessing and have important implications for future tests of the neural
substrata for categorical versus categorical processing. From a method
ological perspective, the left versus right visual field advantages for
coordinate versus categorical processing, respectively, were obtained
in the lower, but not the upper, visual field. Future research needs to
address the question of why left versus right visual field (and pre
sumably right versus left hemisphere) differences should be depen
dent on stimulus placement along the vertical extent of the visual
field. Similarly, the upper versus lower differences were obtained only
for stimuli in the left visual field, suggesting that the functional dif
ferences between the upper and lower visual fields are possibly mod
ulated by hemispheric factors.

These patterns of results raise the question of whether and how the
left versus right and upper versus lower visual field differences are re
lated. Indeed, a number of recent studies have reported similar links
between upper and right visual field processing, on the one hand, and
lower and left visual field processing, on the other. For example, Christ
man (1993) reported upper and right visual field advantages for pro
cessing local levels of form and lower and left visual field advantages
for processing global levels. Upper and right visual field advantages
have also been reported for visual search (see, e.g., Christman &
Naegele, 1995; Yund, Efron, & Nichols, 1990). Berardi and Fiorentini
(1991) reported lower and left visual field advantages for a phase dis
crimination task (which, interestingly, appeared to require coordinate
processing). Edgar and Smith (1990) reported that the spatial fre
quency of stimuli presented to the lower and left visual fields was sys
tematically overestimated relative to that of stimuli presented to the
upper and right visual fields. Finally, there is some evidence for lower
and left visual field advantages in the processing oflower spatial fre
quencies (see, e.g., Kitterle, Christman, & Hellige, 1990; Rijsdik,
Kroon, & van der Wildt, 1980).

The consistency with which lower and left visual field processing
versus upper and right visual field processing are linked suggests
something beyond just coincidence. Given that left versus right visual
field differences primarily (although not exclusively) reflect hemi
spheric differences, whereas upper versus lower differences appear to
be more functional in nature and are readily modulated by environmen
tal factors (see, e.g., Miles & Wallman, 1990), future research should
examine the interaction of these factors. For example, the question of
the extent to which anatomically determined visual field differences (i.e.,
hemiretinal differences in cerebral projection) can be tuned by func
tional demands merits consideration; the complementary question of
the manner in which the apparently functional specializations of the
upper and lower visual fields are grounded in anatomical factors is also
raised. Finally, the conjunction of these two issues leads to the possi
bility of a common mechanism underlying left versus right and upper
versus lower visual field differences (e.g., hemifield differences in the
distribution and/or weighting of magno- vs. parvo-cellular channels).

Finally, these findings point out the possible differences in using a
within-subjects or between-subjects design to investigate categorical
and coordinate processing in the visual fields. Although different
types of effects were not dependent on task order, the presence or ab
sence of many important effects (i.e., upper vs. lower and left vs. right
visual field) were. In general, the task that a subject performs second
tends to yield less difference between visual field performances. This
suggests at least two possibilities. One possibility is that familiariza
tion with the line and dot stimuli alone can alter performance in the
visual fields. Another possibility is that the two tasks may be related
in such a way that practice on one task carries over to performance on
the other.
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