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Memory for locations within regions:
Spatial biases and visual hemifield differences

B. LAENG, M. PETERS, and B. McCABE
Umiversity of Guelph, Guelph, Ontario, Canada

Merory for Jocation of a dot inside a circle was investigated with the circle in the center of a com-
puter screen (Experiment 1) or with the circle presented in either the leff or the right visual field (Ex-
periment 2). {n both experiments, as in Huttenlocher, Hedges, and Duncan’s (1991) study, the task was
1o relocate the dot by marking the remembered location. When errors in angular and radial estimates
were considered separately, it was found that, in both experiments, the angular locations of estimates
of the dots’ positions regressed toward different locations inside each quadrant of the circle; the radial
locations of the estimates of dots' positions tended to regress toward locations near the circumfer-
ence. These variations in the direction of bias appeared to reflect a general shift of estimates toward
the upper left arc of the circle. The second experiment replicated the preceding effects but also re-
vezled that the regressions within quadrants of angular values were stronger after right visual field
than after left visual field presentations. We interpret the dissociation between visual fields as evidence
that memory for categorical spatial relations (Kosslyn, 1987} is more dependent on lefi-hemisphere

than on right-hemisphere processing.

In situations in which one is required to remember a
specific location in which an object may be situated (e.g.,
Where did | leave my glasses?), we seem to rely on two
types of memories of the spatial location. One is based
on the memory of an action that relates to the location,
such as reaching to/from a certain place, walking to/from
a place where a car is parked, or of a situation in which a
scene and a location occupied by the object is visualized.
Another type of memory about the location of an obiect
seems 0 be based on information about the regions of
space where the cbject was placed (e.g., we may remem-
ber that the glasses were in the bedroom but not exactly
where). Regions, however, contain certain areas and spe-
cific tocations that are more salient than others, due either
to the presence of salient landmarks or 1o the geometric
properties of the global region (such as the shape of the
perimeter and the geometrical center of mass). Informa-
tion about precise location and region may be separately
encoded, and when remembering the object both types
of information could be retrieved and, together, influence
our judgment. Thus, cur memory of space will reflect a
“blend” of the two types of spatial information.

Huttenlocher, Hedges, and Duncan {1991} have sug-
gested that spatial perception and memory are akin to
categorization, since “prototypical” spatial positions
{which best capture the pattern of values encompassed by
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a category of space or region) are encoded as relevant in-
formation about where obijects are in space. According to
these authors, there are two ways of representing memo-
ries of locations: (1) in terms of the metrics (where, ex-
actly), and (2} in terms of the categorical Jocation (where,
in relation to classes of locations corresponding to parsed
regions of space).

One possibility is that, in general, metric indices of the
precise location are less clearly remembered/perceived
than categorical indices, and that, therefore, the latter in-
formation is used only once precision is no longer avail-
able. Another possibility is that our judgment may always
be under the influence of both types of memories. Hutten-
locher et al. (1991} have shown that subjects could make
precise estimates of single locations but that, at the same
time, these were clearly biased toward some prototypi-
cal/canonical locations within regions of space. These ef-
fects were demonstrated with a simple paradigm: Subjects
viewed a small dot inside a circle that would appear in sev-
eral angular and radial positions across trials. If both mem-
ory strategies were interacting in parallel, one would ex-
pect to see systematic errors of memory location toward
some categorical feature of the area within which the dot
was located. Indeed, the dot’s positions were regressed to-
ward the center-of-mass positions of the quadrants formed
by the {invisible) vertical and horizontal diameters. This
finding suggested that the subjects were memorizing re-
gions of the circle containing the dot and using the proto-
typical central position within this region as a reference
point when making their estimates. A remarkable aspect of
these findings is that no subdivision of the circles into
guadrants or any other subregion was provided; subjects
appeared to structure the (objectively featureless) circle
mto quadrants and store this spatial information.

Copyright 1998 Psychonomic Soctety, Inc.
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Interestingly, about a century ago, Jastrow (1863)
showed that memory for angles formed by two connected
iines was biased toward angular canonical positions (1.e.,
the angles of the horizon and the vertical meridian and of
their two intermediate diagonals). He concluded that the
perception of angles {or position of fines) took place by
reference to an ideal vertical and horizontal. Much more
recently, Franklin, Henkel, and Zangas (1993) have at-
tempted to extend Huttenlocher et al’s {1991) category
model to extrapersonal space in general, and have sug-
gested that subjects impose a spatial framework of ego-
ceniric axes and that the asymmetries between the front/
back or left/right directions determine how the spatial
locations of objects are encoded and remembered.

in this study, we present two experiments based on
Huttenlocher et al.’s (1991) paradigm. In our first exper-
iment, we attempted to replicate their original findings
with the dot relocation task. A circle was presented for
t sec on the computer screen in free vision. The circle
contained a dot appearing across different trials in vary-
ing angular and radial locations. After its disappearance,
the subjects were asked to relocate the dot on the screen
by using the mouse.

in the second experiment, we tested the hypothesis
that spatial categories were better encoded by the left
hemisphere (L.H) than by the right hemisphere (RH).
Kosslyn (1987) had proposed that the LH was special-
ized for categorical spatial information (e.g., qualitatively
different spatial relations like above/below, left/right, in-
side/outside, etc.), possibly as a reflection of this hemi-
sphere’s specialization for language. A few studies have
brought empirical sapport to this hypothesis by showing
that performance in tasks requiring judgments about spa-
tial categories is best afler right visual field presentations
of the stimuli (e.g., Hellige & Michimata, 1989; Kosslyn
etal., 1989; Laeng & Peters, 1995) and that it depends on
the activation of areas of the LH (as shown by PET scans;
Kosslyn, 1994} or their normal functioning (as shown by
deficits of brain-damaged patients; Laeng, 1994).

To further test Kosslyn’s (1987) hypothesis, we modi-
fied the task used in the first experiment and lateralized
tachistoscopically the same stimuli so as to give one hemi-
sphere preferential access to the visual information. We
expected that regressions toward prototypical positions
within spatial categories (i.e., quadrants) would be greater
after presentation fo the right visual field (i.e., LH) than
after presentation to the left visuaal field (i.e., the RH).

EXPERIMENT 1

This experiment was intended to replicate the basic
findings of Huttenlocher et al. (19913, We expected that
(1) anguiar differences of estimates of the location of a
dot in a circle would regress reliably to the center of mass
of cach quadrant (i.e., 43° of angle) and that (2) radial
differences would regress toward one of the radial central-
tendency values {1.¢., either the average radial location of
the stimuli, 0.6 radius, or the middiemost radial value
that contains half the area of the full circte, (.7 radius).

Figure 1. Experiment 1: Average response focations (black
dots) for each stimulus location (white dots).

Method -

Subjects. Right-handed volunteer participants, as classified by
hand-preference questionnaire (cf. Laeng & Peters, 1993), were re-
cruited from the undergraduate population at the University of
Guelph in Ontario. Nine subjects were male and 10 were female,
and they did not differ in either age or handedness.

Apparatus. Stimuli were displayed on a 15+in. diagonal, color
flat screen monitor with 640 X 480 pixels connected to a 486 [BM
computef, usipg an ATI Mach 32 graphics card. Custom-made sofi-
ware controtled stimuli presentations and response records,

Procedures ‘A compﬁber screen was located 42 cm from the chin-
rest on‘which the participant’s head rested. A 1-mm black dot would
then appear within a biack 10.2-cm-diam circle on a white monitor
screer. The dots™ position varied according to a 4 (quadrant) X 5
{angle within quadrant) X 4 (radial location within angle} design.
The four possible radial positions were at 0.3, 0.5, 0.7, and 0.9 of
the radius from the center of the circle (ie., .53~ 2.55-, 3.57-, and
4.58-cm distances from center}. The five dszsrent :mg,ular place-
ments were at 8%, 26,5%, 45° 63.5°, and 82° of gach quadrant. Thus,
there were 20 possible dot locations in a quadrant and 80 possible
dot locations in the entire circie. A dot appeared only once in one
of the 80 possibie locations and in a different randomized order for
each subject. There were no pragtice trials.

A trial began with the presentation of a smail fixation cross cen-
tered on a blank screen. The subject would then press the mouse
button onto the central point. This procedure had the advantage of
forcing the subject to fixate the center of the screen at the beginning
of each trial and of providing an identical starting point from which
the mouse would be moved when making the estimate. The mouse
click caused the instantancous appearance of a circle {centered on
the fixation point) comaining one stimulus dot. The display remained
on the screen for 1 see, Then the circle and the stimulus dot disap-
peared and, afier a delay of | sec, a circle—-identical to the original
one but empty of dots—appeared on the screen in the szme position.
As accurately and as quickly as possibie, the subject was to click the
mouse in the location where the stimuius dot had been seen.

Results
Angular differences. First, we calculated a simple re-
gression of the angular differences (expressed as the dif-
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Table I

Experiment 1: Linear Regression Functions
for Angular Differences in Each Quadrant

99

Slope Coefficient Intercept

Quadrant {and SE) t{18)* p=* (ané §F)
(A} Upper left {0°-90°) 0.14{0.01) i7.4 0001 —~6.0((4)
(B) Upper right (90°-180°} 0,08 (0.01) 8.4 0061 —0.4(0.4)
(C} Lower right {180°-270% 0.01(0.61) 1.2 15 ~ 1.7 (0.5}
(D) Lower left (270°-360%) G.01 (0.01) 9.7 .0001 —84(8.5)

Note-—Letters A~ correspend to panels in Figure 2.

efficients.

ference between stimulus position and subject’s response
position) over stimuli’s angular positions collapsed over
all quadrants {e.g., 135° 223°, and 315° were relabeled
as 43%) and over all subjects. Estimates regressed posi-
tively [slope coeficient = 0,079, 5E = 0.0, 1(18) = {56,
p <.0001], and the zero-bias position approached a cen-
tral angular position of the quadrant (x-axis intercept =
52°, 8D = 15), which, in fact, was not reliably different
from the 45° position [r(18) = 1.2, p < .1].

However, as Figure 1 illustrates, the mean response lo-
cations (black dots) relative to the stimulus locations
(white dots) seemed to vary considerably across guad-

*1 tests of significance of the slope co-

rants. Separate regression analysis for each quadrant, col-
lapsed over subjects. revealed a somewhat unexpected
pattern of biases: The upper left quadrant (see Table 1
and Figure 2A} showed a reliable bias toward 42° (SD =
25), a position central to the quadrant and not reliably
different from 45° [¢(18) = 0.52", p < .25]. The apposite,
lower right quadrant (see Table | and Figure 2C) showed
no significant bias. The other iwo quadrants (i.e., the
upper right, Figure 2B, and the lower left one, Figure 2D)
showed reliable regressions, but their biases were, respec-
tively, toward the 96° (SD = 25} and 355° (§D = 25)
positions, that is, positions that did not differ reliably
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Figure 2. Experiment 1: Linear regressions of ail angular differences (angutar fecation of stimulus minus angular locaiion of re-
sponse} over angular locations of stimuli for each quadrant, uncoliapsed over subjects. Panel A = upper feft quadrant; panei B =
upper right quadrant; panel C = lower right quadrant; panel D = fower left quadrant.
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Table 2
Experiment 1: Linear Repression Funetions
for Radial Differences in Each Quadrant

Siope Coefficient Intercept

Quadrant {and 8K} H18)* p* (and SE}
{A} Upper left {0°-90) 4,07 (0.02) 6.1 .0001 -0.08 {0.01)
{B) Upper right (50°-180"} 0.04 (0.01) 42 001 —0.04 {0.01)
{C) Lower right {180°-2706% 0.02 (8.01) 1.9 08 0.01 (0.61)
(D) Lower left (270%-360%) 0,06 (0.02) 4.9 0001 —0.05 (0.01)

Note—TL etters A~ correspond to panels in Figure 3,

coefficienzs,

from the two quadrants’ boundaries with the upper left
quadrant.

Radial differences. Asin the analyses described above,
we first calculated a simple regression of the radial differ-
ences {(between stimulus position and subject’s response
position) over the radial position of each stimulus {(col-
lapsing data over quadrants and all subjecis). This analy-
sis revealed a statistically reliabie [slope coefficient =
0.05, SE = 0.01, 1(18) = 7.9, p < .0001] positive slope
toward 0.77 radius {S = (.24)—that is, a value not re-
liably different from the radial middlemost value (0.70)
[r{18y = 1.2, p < .25}
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*1 tests of significance of the slope

Separate regression analyses for each quadrant’s data
collapsed over subjects revealed statisticaliy reliable re-
gressions for all quadrants (see Table 2). In the upper left
quadrant, the radial estimates appeared displaced toward
1.00 radius (8D = 0.24) or the circumference (see Fig-
ure 3A}. On the contrary, in the opposite quadrant (see
Figure 3C), the radial estimates appeared displaced away
from the circumference and to a position {radius = 0.2,
SD = (3.24) closer to the center of the circle but reliably
different from this position as weli [{{18) = 3.57, p< 005
In the other two quadrants (see Figures 3B and 3D, the
estimates were displaced toward 0.8 radius (SD = 0,24}
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Figure 3, Experiment 1! Linear regressions of all radial differences (radial tocation of stiouwlus minus angular focation of response)
wver radial locations of stimuli for each quadrant, uncollapsed over subjects. Panel A = upper left quadrant; panel B = upper right
guadrant; panel C = lower right quadrant; panei I = lower left quadrant.
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Table 3

Experiment 2: Linear Regression Functions for Angular Differences

in Each Quadrant

Slope Coeflicient Intercept
Quadrant {and SE) r{18)* p<* (and S{E‘L
Left Visual Field
{A) Upper left (6°-90%) G.26{0.02) i3.3 R —-11.2(0.8)
{B) Upper right (90°-180%) 0.09 (0.02} 58 G001 -~ 1.700.8}
(C) Lower right {186°-270% —0.03 (0.02) 1.3 13 0o
(D) Lower left (270°-360%) 0.063(0.02) i4 18 —=9.6{1.0)
Right Visual Fieid
(A) Upper left (0°-907) 0.18(0.02) 10.0 0001 -4.5(0,9}
{B) Upper right {90°--180°) 0.08 (0.02) 4.8 RUHTN —2.5(0.1)
{Cy Lower right (180°-270%) ¢.01(0.62) 0.6 B0 —~4.6(43.9)
(D} Lower teft (270°-360") (.09 (0.02} 5.1 G001 -7.5(0.9)

to1

Note—Letters A-D correspond to panels in Figures 5 and 6. *r tests of significance of the

slope coefficients.

that 18, a position not reliably different from the radial
middlemost value (0.7 radius) {r(18) = 1.7, p < .06] but
reliably distant from the circumference [/(18) = 3.6,p <
003]. This pattern of displacement of the radial values
of estimates clearly revealed a general shift of responses
in the direction of the upper left arc of the circle.

Discussion

The overall pattern of results was consistent with Hut-
tenlocher et al’s (1991) findings of a regression of esti-
mates of points toward internal locations of parsed re-
gions. Indeed, when the angular vaiues of estimates of a
dot’s position inside a circle were collapsed over ali quad-
rant angles, these regressed toward the center of the quad-
rant. Radial locations, instead, were biased, on average,
toward 0.8 radius, thus a value closer to the middlemost
radial value than to the circumference. These systematic

errors show that responses tend 1o group around middle
positions on the middle diagonals of quadrants. Thus, we
conclude that biases in estimates occur toward ideal po-
sitions within the regions defined by boundaries formed
by the horizontal and vertical axes,

However, the above conclusions cannot entirely account
for the pattern of responses that we observed; in fact, when
the estimates were exarnined separately for each quad-
rant’s locations, both the angular and radial values ap-
peared fo be displaced toward different positions in each
quadrant (Figures 2 and 3). Nevertheless, the latter types
of displacements obeyed a very orderly pattern (see Fig-
ure 1}, and could be characterized as an overall shift toward
the upper left arc of the circle. This was best exemplified
by the strong bias of radial values toward the circumfer-
ence (1.0 radius) in the upper left quadrant versus a hias
toward 0.2 radius in the opposite, lower right quadrant,

Figure 4. Experiment 2: Average response location (black dots) for each stimulus location (white dots) in the Jeft visuat Tielg

(iefi graph) and vight visual field (vight graph).
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Thus, we conclude that superimposed on the original ef-
fect described by Huttenlocher et al. (1991}, there wasalso
another, more general shift of all responses toward the
upper left direction.

This bias toward the lefr of the display is reminiscent
of other biases shown by normal subjects when making
perceptual evaluations of length or position. Biases are
abserved especially in spatial tasks, sach as line bisec-
tion, in which patients with {(typically) unilateral poste-
rior lesions of the brain show “dramatic” systematic er-
rors. For example, when normal subjects are asked to
bisect lines equally {e.g., Bradshaw, Nathan, Nettleton,
Wilson, & Pierson, 1987; Milner, Brechmann, & Paglia-
rini, 1992; or-—-in the tactile modality—rods; e.g., Bow-
ers & Heilman, 1980; Lacng, Buchtel, & Butter, 1996),
they tend to err fo the lefi of the actual physical center.
This bias is typically explained by either a tendency to
deploy attention fo the feft of a display (Bowers & Heil-
man, 1980) or by a systematic {from left to right) scan-
ning of the linear extent of the stimulus (see, e.g., Man-
ning, Halligan, & Marshall, 1990). It is possible that

circular stimuli are not scanned randomly; consequently,
internal positions close to the focus of attention may ben-
efit in processing, whereas locations far from the start-
ing point of ocular/attentional scanning will pay a cost
{depending also on the duration of the display).

Finally, we need to consider the possibility that the re-
gression of radial values of estimates in an outward di-
rection (see Figure 3A), instead of toward the quadrant’s
center, may be an artifact resuiting from the fact that re-
sponses cannot exceed the natural boundary of the cir-
cumference. Since radial values of estimates can never be
greater than a specific upper value (i.e.. 1.0 radius), this
can resuit in a systematic and asymmetric (but artifac-
tual) reduction of the errors’ spread, which increases pro-
portionatly with the vicinity of the dot stimuius to the cir-
cumference (see how errors’ spread reduces at 0.9 radius
in Figures 3A, 3B, 3C, and 3D)). Nevertheless, it would
seem that radial estimates were also affected by counter-
acting biases toward the interior of the quadrant, since the
zero bias in two quadrants (see Figures 3B, 3C, and 3D}
was closer fo the middlemost radial value, 0.7 radius,
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than to the circumference and in one quadrant was, in fact, (1991} and in the results above are dependent on the su-

shifted toward the center of the circle. perior ability of the LH in processing categorical spatial
relations. Thus, we expected that the bigses toward
EXPERIMENT 2 prototypical locations of spatial regions would be greater

after right visual field (RVF) than after left visual field
The aim of the second experiment was to show that  (LVF) presentations of the same stimuli used in the pre-
the within-quadrant biases seen in Huttenlocher et al. ceding experiments.

Table ¢
Experiment 2. Linear Regression Functions for Radial Differences
in Fach Quadrant
Slope Coefficient Intercept
Quadrant ) {and SE3} H 18" p<* {and SE
Left Visual Field
(A) Upper left (0°-90°) 0.23 (0.0 1R 6001 —G.3{040)
{B} Upper right {90°-180%) 0.20:¢0.62) 0.2 0601 ~0.2{0.01)
{C) Lower right (180°-270%) 0.18(0.02) 8.2 4001 0.1 {0.01)
(D} Lower left (270°-360°) 016 (0.02) 7.4 001 —0.2(0.62)
Right Visual Field
(A) Upper left (6°-907) 0.21{0.02) 10.2 006! — (.2 {0.02)
(B} Upper right (90°-180%) 0.21 (6.02 101 0001 ~G.24000)
() Lower right (180°-270%) 0.22 (0,023 12.6 0001 =01 (G0
{D) Lower left (270°-360%) 0.16 {0.02) 8.9 £001 —0.2 (.01

Note—Leitters A-D correspond to pancls in Figures 7and 8. */ tests of significance of the
slope coefficients.
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Method

After completion of the first experiment, the procedures of a sec-
ond experiment were explained o the same subjects. The subjects
were told that the circle would now appear on either the left or the
right of the fixation point {the center of the circle was now located
at a distance of 11.5 cm frem the fixation point} and that ence the
empty circle was again visible (after 1 sec) in its original location,
they were to indicate, by pressing the mouse button, the dot’s Joca-
tiont on the screen. The subjects were reminded that they should re-
spond as guickly and accurately as possible.

At the beginning of each trial, only the central fixation point was
visible, The subjects were told 1o move the cursor on the small cross
at the center of the screen and to press the mouse button while main-
taining fixation. The buttonpress initiated a 85-msec lateralized ex-
posurg of the circle with one stimulus dot inside it. Thus, presenta-
iion time was comfortably below the estimated latency of a saccadic
¢ye movement (see Woodworth & Schiosberg, 1954), which would
guarantee that the stimuli would be seen in one visual ficld only
and disappear before the subject abandoned fixation. The left or
right position of the circle was varied in a pseudorandom sequence
(i.e., no more than three subseguent presentations in the same lat-
eral Tield were allowed), which was different for each subject. In
all, there were 80 presentations on the left and 80 presentations on

the right of the fixation point, Locations of the dots within each ¢ir-
cle were the same as in Experiment 1.

Results

Angular differences. Following the same procedures
of data analysis used in Experiment 1, we first calculated
two separate simple regressions, one for each visual hemni-
field condition (LVF, RVF), of the angular differences
over the angular positions of stimuli {collapsed over all
quadrants and over ali subjects). As predicted, estimates
regressed positively in both conditions [LVF, slope =
0,075, 5E = 0.01, 1 (18) = 7.24, p < 0001, RVF, slope =
0.090, SE = (.01, 1(18) = 9.44, p < 0001]. However,
the zero-bias value approached the central angular posi-
tion of the quadrant only with the RVF presentations
[x-axis intercept = 33°, 8D = 25; 1(18) = 1.3, p < .10]
and not with the ones in the LVF [x-axis intercept = 67°,
5D = 25, H{18) = 3.8, p < .005].

To test for differences in the regression siopes of the two
visual fields, we performed a repeated measures analysis
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of variance on each subject’s siope coefficients in each
quadrant as the dependent variable and the visual hemi-
field (LVF, RVF) and quadran: (upper right, lower right,
lower left, and upper left) as the within-subjects factors.
This analysis revealed reliable differences between hemi-
fields [LVFE, mean slope = 6.068, 5D = 0.12; RVF, mean
slope = 0.102, 8D = 0.14; F{1,18) = 5.1, p < 03], There
were also reliable differences between quadrants [upper
right quadrant, mean slope = (.107, §0 = 0.15; lower
right quadrant, mean slope = —0.01, §D = 0.10: lower left
quadrant, mean slope = 0.065, SD = 0.11; upper left
quadrant, mean slope = 0.179, §0 = 0.10; F(3,54) =
21,5, p <0001} but no reliable interaction between hemi-
fields and quadrants [F(3,54) = 0.4, p < .75},

Separate regression analyses for each hemifield's quad-
rant data, collapsed over subjects, revealed a very simi-
lar pattern of biases, as seen in the previous experiment,
for the central (bilateral/nontachistoscopic) condition
(see Figure 4 and Table 3). The upper left quadrants (Fig-
ures 5A and 6A) showed a bias toward positions (LVE,
56% SD = 25; RVF, 26°, §D = 25) intermediate of the
center of the quadrant [45% LVFE, 1(18) = 1.9, p < 05, RVFE,
H18) = 3.3, p < .005]) and one of the quadrant’s bound-

aries {LVFE, ((18) = 11.8, p < .0001; RVF, 1{18) = 4.5,
p < .0001]. The opposite, lower right quadrants showed
no significant biases (Figures 5C and 6C) in either field
condition. The upper right quadrants showed reliable re-
gressions in both fields (Table 3; Figures 5B and 6B). In
the LVE, there was a bias toward the 92° (§D = 25) po-
sition, that is, a location not relably different from this
quadrant’s boundary with the upper left quadrant fie.,
90°; 1(18} = 0.34], In the RVF, there was a bias toward a
position (116°, SD = 25) intermediate of the center of
the quadrant [135° 1(18) = 3.3, p < .005] and the quad-
rant’s boundary with the upper left quadrant [1(18) =
3.8, p < .0053). For the lower left quadrants (Figures 5D
and 61}, enly the RVF condition showed a reliable bias
toward 351° (8D = 25), or a value not significantly dis-
tant from the 360° boundary {1(18) = 1.5, p <.10]. There
was no reliable regression of estimates in the LVF (see
Table 3).

Radial differences. We first performed two separate,
one for each hemifield, simple regressions of the radial
differences (between stimulus position and subject’s re-
sponse position} over the radial position of each stimu-
lus (collapsing data over quadrants and subjects). These
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analyses revealed statistically reliable positive slopes [LVF,
slope coefficient = 0.19, SE = 0.011, 1{I18) = 17.66,
£ <.0001; RV, slope coefficient = 0.205, SE = (.020,
H{18) = 10.17, p < .00017 toward the circumference in
both the LVF (0.9 radius, SD = (.27} and RVF (1.0 ra-
dius, §D = 0.28)} conditions.

A repeated measures analysis of variance, in which each
subject’s four slope coefficients (for each of the regres-
sions in each quadrant) were used as the dependent vari-
able and hemifield (LVF, RVF) and quadrant (upper right,
lower right, lower left, and upper left) as the within-
subjects factors, revealed no reliable differences between
hemufields [F(1,18) = .24, p < 63], quadrants [F(3,54) =
2.116, p < .11}, or the interaction of these two factors
{£(3,54) = 0.32, p < .50].

Separate regression analyses of the data for each quad-
rant (cotlapsed over subjects) revealed statistically reliable
regression effects for each quadrant and for both hemi-
fields {see Table 4 and Figures 7 and 8). Again, we ob-
served a generic shift of radial estimates toward the upper
left direction (see also Figure 4). This was demonstrated
by a bias toward the most outward radial position (1.0 ra-
dius) of the upper left quadrant (see Figures 7A and 84);
in the opposite, lower right quadrant, in both the LVF and
RVF {see Figures 7C and 8C), there was a bias closer 1o
central values [0.8 radius; i.e., no significant distance
from the radial middlemost value: (18) = 1.6, p < .10].

Discussion

We found that angular biases were grearer after tachis-
toscopic RVF than after LVF presentations of the stimuli;
that is, the slopes of the regression lines of the angular
biases over angular position were steeper in the RVF than
in the LVF. This finding suggests that categorical spatial
information has a stronger influence in the LH than in
the RH, which is consistent with Kosslyn’s (1987) hy-
pothesis that the LH 1s specialized in processing categor-
ical spatial location.

However, we again observed great variations in the sub-
jects’ performance across quadrants (cf Huttenlocher
et al., 1991). It is possible that our subjects were using
other landmarks in addition to the prototypical centers of
the quadrants; therefore, estimates may reflect the com-
bined effect of several contextual cues. One possibility,
strongly suggested by a shift of estimates toward a left
and upper direction, is that subjects used the upper left
arc of the circle as a reference point. Nevertheless, it re-
mains unclear as to why our subjects would have used vi-
sual cues that were so different from those used by Hut-
tenlocher et al’s subjects,

The possibility that the bias toward the upper left asc
might have resulted from a motor, rather than a percep-
tually based, directional bias can be discarded. Accord-
ing to this account, our right-handed subjects may have
been less precise in moving the cursor toward the upper
left than they were in moving it in other directions. How-
ever, this cannot explain why there was still a shift of es-

timates toward the upper left arc in the RVF, since a
movement toward that quadrant required, in this condi-
tion, moving the mouse from the center of the screen to-
ward the upper righs direction.

GENERAL DISCUSSION

The observation of a bias toward a position interior to
a spatial region, as opposed to a randomly distributed dif-
ference around the true location of a stimulus, can be
taken as evidence (cf. Huttenlocher et al., 1991) that es-
timation of location is influenced by the parsing of a
visual display into spatial regions. More specifically,
spatial memory is biased toward salient features, land-
marks, and geometrical centers of these regions. Clearly,
our findings supported the more specific hypothesis
that recollections of the angular and/or radial location of
a dot viewed within a circle can be biased toward loca-
tions internal to regions of the circle. Such an effect was
captured by the linear regression functions of angular
and radial differences toward an internal value of each
quadrant,

We conclude that our findings support the idea that
imagined, illusory, categorical boundaries and regions
defined by these boundaries are encoded by the viewer
and that these subjective landimarks in the display have a
determinable influence on the representation of spatial
location (see Bryant & Subbiah, 1994, for a systematic
study of inducing—via the use of visual cues—different
subdivisions of the input in regions). Additionally, the
finding of a greater bias in regressions within quadrants
in the RVF than in the LVF is consistent with the view that
spatial categories play a greater role in the LH than in
the RH. Kossiyn (1987) has specifically proposed that
the encoding of categorical spatial relations is a LH%
specialization. However, this study did not address di-
rectly what specific cognitive mechanism (e.g., perceptual
encoding, storage, or retrieval from memory, selection
of the response} could underlie the difference between
the cerebral hemispheres.

Finally, Huttenlocher et al. (1991) have proposed that
the bias toward the prototype, when combined with the
fine-grain memorics of locations, actually improves the
accuracy of estimations. In the light of the findings de-
scribed in this study, this would seem to suggest that the
{E.5E's) biasing effect emerges as a fruitful correction
mechanism for estimating spatial locations with greater
precision. [t is possible that cooperation between the two
hemispheres is more adaptive than unilateral hemi-
spheric control across a wide range of perceptual experi-
ences even though, in specific circumstances, it may not
be the most efficient strategy (cf. Hellige, 1993}

REFERENCES
Bowers, D, & HemMax, K. M. (1980). Pseudoneglect: Effects of hemi-

space on a tactile line bisection task. Newropsychologia, 18, 491-495,
Brapsuaw, J. L. Nataan, G, NerrLETon, N. C., WirsoN, L., & Pice-




SPATIAL BIASES AND VISUAL HEMIFIELD DIFFERENCES 107

SN, E {1987}, Why is there a left side underestimatios in rod bisec-
tion? Newropsychologia, 25, 735-738.

Brvant, D. I, & Suseian, L (19943, Subjective landmarks in percep-
tion and memery for spatial location. Canadian Journal of Experi-
mental Psychology, 48, 119-139,

FRANKLIN, N, HENkEL, L. AL, & ZanGas, T {1995). Parsing sur-
rounding space into regions. Memory & Cognition, 23, 397-407.
HELLiGE, J. B. (1993}, Hemispheric asymmetry: What § right and what's

left. Cambridge, MA: Harvard Usiversity Press.

HergiGe, J B., & MicriMata, C. (1989). Categorization versus dis-
tance: Hemispheric differences for processing spatial information.
Memory & Cognition, 17, 770-176.

HutreNLocHER, I, HEnGES, L. V., & DuNcan, §. {19913, Categories
and particulars: Prototype effects in estimating spatial location. Psy-
chological Review, 98, 352-376.

Jastrow, J. (1893). On the judgment of angies and positions of lines.
American Journal of Psychology, 8, 214-268,

KossLyn, S, M. {1987}, Seeing and imaging in the cercbral hemispheres:
A computational approach. Psychological Review, 94, 2, 148-175.
Kossyn, 8. M. (1994). fmage and brain: The resolution of the imagery

debate. Cambridge, MA: MIT Press.

KossLyw, 8. M., KoEnig, Q., BARRETT, A., Cave, C. B.. Tanc, ., &
Gasrigrt, I. D, E. (1989). Evidence for two types of spatial repre-

sentations: Hemispheric speciatization for categorical and coordinate
relations. Journal of Experimentat Psychology. Human Perception
& Performance, 18, 743-750,

Laenc, B. (1994). Lateralization of categorical and coordinate spatial
functions. A study of unilateral stroke patients. Journal of Cognitive
Newroscience, 6, 189-203,

LaBNG, B., BUCHTEL, H. A., & Burrer, C. M. (1996}, Tactile rod bisec-
tion: Hemispheric activation and sex differences. Newropsvchologia,
34, 1115-1121.

LaeNG, B,, & Perars, M. (1995). Cerebral lateralization for the pro-
cessing of spatial coordinates and categories in left- and right-handers.
Neurapsychologia, 33, 421-439.

Mannmvg, Lo, HaLucan, P W, & MaxssalL, §. O, {1990). Individual
variation in fine bisection: A study of normal subjects with application
to the interpretation of visual neglect. Neuropsychologia, 28, 647-655.

MILNER, A, D). BRECHMANN, M., & PaGLiaRINI, L. (1992). To halve
and to halve not: An analysis of line bisection judgments in normal
subjects. Newropsvohologia, 36, 515-526.

WooDWORTH, R, S, & SCHLOSBERG, H. (1954). Experimental psvchoi-
ogy. New York: Holt, Rinehart & Winston,

{Manuscript received June 19, 1996;
Tevision accepted for publication October 1, 19963



