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Abstract
Spatial bias is an asymmetry of perception and/or representation of spatial information —“where”
bias —, or of spatially directed actions — “aiming” bias. A monocular patch may induce contralateral
“where” spatial bias (the Sprague effect; Sprague (1966) Science, 153, 1544–1547). However, an
ipsilateral patch-induced spatial bias may be observed if visual occlusion results in top-down,
compensatory re-allocation of spatial perceptual or representational resources toward the region of
visual deprivation. Tactile distraction from a monocular patch may also contribute to an ipsilateral
bias. To examine these hypotheses, neurologically normal adults bisected horizontal lines at baseline
without a patch, while wearing a monocular patch, and while wearing tactile-only and visual-only
monocular occlusion. We fractionated “where” and “aiming” spatial bias components using a video
apparatus to reverse visual feedback for half of the test trials. The results support monocular patch-
induced ipsilateral “where” spatial errors, which are not consistent with the Sprague effect. Further,
the present findings suggested that the induced ipsilateral bias may be primarily induced by visual
deprivation, consistent with compensatory “where” resource re-allocation.
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Introduction
“Where” and “Aiming” Spatial Systems

Spatial bias is an asymmetry of perception and/or representation of spatial information, or in
spatially directed actions. Neurologically normal individuals systematically demonstrate a
leftward spatial bias (pseudoneglect, Bowers & Heilman, 1980; McCourt & Jewell, 1999; for
review, see Jewell & McCourt, 2000). Spatial neglect, a pathological form of spatial bias, is a
condition in which persons after brain injury fail to report, respond, or orient to novel or
meaningful stimuli presented to the side opposite a brain lesion, when this failure cannot be
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attributed to either sensory or motor defects (Heilman, Watson, & Valenstein, 1979), and
causes functional disability (Barrett & Burkholder, 2006).

Spatial bias usually is demonstrated in a visuo-motor spatial task, such as line bisection (i.e.,
marking the midpoint of a horizontal line). These systematic errors may result from one of the
following: First, asymmetric function of perceptual-attentional “where” systems may render
the viewer relatively unaware of one side of the line, or may increase a propensity to
asymmetrically perceive or attend to the other side. Second, an inaccurate or asymmetric
internal image of the line in representational “where” systems may produce spatially biased
errors. Third, the viewer may make errors due to asymmetry of motor-intentional “aiming”
systems (also termed action-intentional, premotor or exploratory bias; Bisiach, Geminiani,
Berti, & Rusconi, 1990; Tegnér & Levander, 1991; Coslett, Bowers, Fitzpatrick, Haws, &
Heilman, 1990; Mapstone et al., 2003). Frequently, perceptual-attentional and representational
“where” bias are considered together, as these constructs can be difficult to separate in task
performance. Spatial bias can thus be broadly categorized into two types: “where” (perceptual-
attentional-representational) and “aiming” (motor-intentional) spatial errors (Barrett et al.,
2006; Garza, Eslinger, & Barrett, in press; Heilman, Watson, & Valenstein, 2003). However,
when an individual demonstrates a visuo-motor behavior reflecting spatial bias, it is not always
evident whether the bias is primarily from the “where” or “aiming” system. Reversing the left-
right direction of visual feedback may dissociate “where” and “aiming” biases by de-coupling
the spatial region in which visual feedback appears from the action space of the motor response
(Bisiach et al., 1990). In the natural viewing condition where the visual stimuli and the motor
response are congruent, “where” and “aiming” errors are additive, contributing to the observed
spatial error:

(1)

In the left-right reversed viewing condition where the visual stimuli and the motor response
are dissociated by 180°, a spatial error contributed by the “where” system is reversed relatively
to the direction of bias from the “aiming” system, assuming that the intention of making an
aiming response or motor execution is relatively ballistic even when the action is viewed online
(Fitts, 1954). Thus, the sign of “where” error is changed in the equation:

(2)

The algebraic method of dissociation has been used previously and successfully described the
pattern of bias demonstrated in persons with right-hemisphere stroke (Barrett & Burkholder,
2006; Barrett, Crucian, Beversdorf, & Heilman, 2001) as well as in the healthy (Garza, Eslinger,
& Barrett, in press). Previous research used various methods to reverse orientation of visual
feedback, including online video (Adair, Na, Schwartz, & Heilman, 1998; Coslett et al.,
1990; Na et al., 1998; Schwartz, Adair, Na, & Williamson, 1997), a customized pulley (Bisiach
et al., 1990; MacLeod & Turnbull, 1999), mirrors (Tegnér & Levander, 1991), or an
epidiascope task (Nico, 1996). In the present study, a video apparatus was used.

Spatial Bias Induced by Monocular Patching
Monocular patching has been suggested to induce contralateral spatial bias (Posner & Rafal,
1987). The colliculi, unlike the striate cortex, may receive heavily monocular input from the
contralateral eye (Hendrick, Wilson, & Toyne, 1970; Hubel, Levay, & Wiesel, 1975; Pollack
& Hickey, 1979; Sylvester, Josephs, Driver, & Rees, 2007). Thus, obstructing visual input of
one eye may substantially block visual input from entering the contralateral superior colliculus,
decreasing contralateral collicular activity. The ipsilateral superior colliculus, released from
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intracollicular inhibition, may induce strong contralateral orienting (the Sprague effect
(Sprague, 1966). Although the mechanisms of the Sprague effect have been disputed (Wallace,
Rosenquist, & Sprague, 1990), a role of intracollicular inhibition in this phenomenon is
supported in recent studies in cats (Payne & Rushmore, 2004; Rushmore, Valero-Cabre,
Lomber, Hilgetag, & Payne, 2006) and human stroke survivors (Weddell, 2004).

Previous investigators measured the effects of monocular patching on visuo-motor spatial tasks
in persons with left-sided spatial neglect after right hemisphere lesions. Butter and Kirsch
(1992) reported a patch-induced contralateral bias in twelve of eighteen brain-damaged study
participants. However, another study observed the patch-induced contralateral bias in only two
of nine participants with spatial neglect (Walker, Young, & Lincoln, 1996). Similar to Walker
et al. (1996), Soroker and colleagues showed that one of six participants demonstrated a
contralateral bias induced by monocular patching, with two demonstrating an ipsilateral bias
(Soroker, Cohen, Baratz, Glicksohn, & Myslobodsky, 1994). If a monocular patch may induce
both contralateral and ipsilateral spatial bias (for summary, see Table 1 in Barrett & Burkholder,
2006), this cannot be explained by the Sprague effect alone.

Studying healthy adults, McCourt and colleagues investigated the influence of monocular
patching on spatial bias. Leftward spatial bias was increased by patching the right eye,
consistent with the Sprague effect (McCourt, Garlinghouse, & Butler, 2001). However, a
leftward spatial bias persisted with right eye patching, although reduced in magnitude. In
addition, McCourt et al. did not address whether a monocular patch primarily affects “where”
or “aiming” spatial systems. Barrett and colleagues reported that eye patching primarily affects
“where” spatial bias after brain injury (Barrett et al., 2001; Barrett, Crucian, & Heilman,
2004; Barrett & Burkholder, 2006), and that eye patching may result in either ipsilateral or
contralateral bias. Therefore, the present study not only examined the Sprague effect but also
asked whether eye patching primarily affects “where” or “aiming” bias in healthy adults.

Present Study
Because eye patching may induce both contralateral bias (as proposed by Posner and Rafal,
1987) and ipsilateral bias in individual brain-damaged persons (e.g., Barrett et al., 2001), more
than one mechanism of patch-induced spatial bias may account for its effect. The current study
hypothesized that an eye patch may induce contralateral bias as a result of collicular-cortical
disinhibition (i.e., the Sprague effect), but visual loss, resulting from monocular visual
deprivation, may also induce top-down, compensatory re-allocation of spatial perceptual or
representational resources toward the region of lost input (Doricchi & Angelelli, 1999;
Doricchi, Onida, & Guariglia, 2002b). Spatial bias ipsilateral to a monocular patch might also
be induced by tactile distraction that results from an eye patch’s physical contact on the skin
(see Barrett et al., 2001). In the current study, the direction of errors that a group of healthy
adults made in performing the line bisection task with and without a monocular patch was used
to evaluate for the presence of the above effects. In order to test whether tactile distraction
alone, or visual loss alone, could account for patch-induced bias, the patch components of
tactile stimulation and visual occlusion were separated.

Previously, Barrett and colleagues reported that eye patching may primarily induce “where”
spatial bias in stroke survivors (Barrett et al., 2001, 2004; Barrett & Burkholder, 2006).
Furthermore, visual input may be critical in misperception of a horizontal line in persons with
spatial neglect (Doricchi, Galati, DeLuca, Nico, & D’Olimpio, 2002a), and visual
representation may be critical to spatial misrepresentation in persons with hemianopia
(Doricchi et al., 2002b). Therefore, the present study hypothesized that perceptual-attentional
or representational “where” bias, rather than motor-intentional “aiming” bias, would be
primarily affected by visual occlusion resulting from eye patching. Since effects of eye patching
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may change in near versus far space (Barrett, Schwartz, Crucian, Kim, & Heilman, 2000), both
near and far spatial regions were assessed.

Experiment
Methods

Participants—Sixteen neurologically healthy right-handed individuals were tested. They
were between the ages of 18 and 40 (mean age 28.1 yr; eight females) and had 20/40 vision or
better in both eyes.

Apparatus and stimuli—Participants performed line bisections on a video apparatus in the
General Clinical Research Center, Penn State College of Medicine. The apparatus consisted
of a non-glare, transparent acrylic workscreen placed on the floor, holding a white paper with
a horizontal 22.4 × 0.3 cm black line printed on it. The 22.4cm-long line was positioned 15.0
cm above the floor and 55.0 cm in front of the participants. A Sony (DCR-TRV730) Digital 8
camera was on the floor beneath the participant’s chair and projected the image of the
workscreen onto the near and far Sony television screens (viewscreens). The near viewscreen
was located 55.0 cm away from the participant and measured 40.0 × 30.0 cm. The far
viewscreen was located 175.0 cm away from the participant and measured 123.0 × 92.5 cm.
The projected line subtended a visual angle of 38.1° on both the near and far viewscreens
appearing at eye level. The participant bisected the projected line using a Laserlyte laser pointer.
Wooden dowels were attached to the back of the participant’s chair and rested on either side
of the participant’s head during testing to ensure that the participant’s head was centered during
each trial. See Figure 1 for the schematic illustration of the apparatus setup.

In order to test whether a monocular patch would induce primarily “where” rather than
“aiming” spatial bias, line bisection errors were measured when participants performed the
tasks in a Natural versus left-right Reversed visual feedback condition. In the Natural condition,
left and right as participants saw them on the viewscreen corresponded with the left and right
sides of the actual workspace where they bisected lines. In the Reversed condition, a 180°
change in camera perspective reversed the image on the viewscreen. Therefore, in the Reversed
condition, when participants moved their hands rightward in the actual workspace, the laser
point would appear to move leftward on the viewscreen, and vice versa.

Performance was recorded with the image of a metric ruler affixed to the back of the workscreen
(not visible to the participant). A second camera was placed on the back side of the workscreen
recorded the line, laser pointer, and the metric ruler. In this setting, it was the magnitude (in
mm) of hand movements that was recorded, which was independent of the viewing distance
(i.e., near vs. far) or the visual feedback conditions (Natural vs. Reversed). An error was defined
as mm deviation from the true center of the line. Rightward errors were coded positive and
leftward negative. Derived from Equations 1 and 2, two dependent variables —“where” and
“aiming” errors — were calculated from the Equations 3 and 4:

(3)

(4)

Participants bisected lines under three different patching conditions: wearing a conventional
eye patch, wearing a tactile-stimulation-only device around the eye, and blocking vision in one

Chen et al. Page 4

Neuropsychologia. Author manuscript; available in PMC 2010 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



eye with a visual-occlusion-only device that did not contact the face. All three “patch types”
were applied to one eye or the other in separate trial blocks. In another trial block, participants
performed the task without any object between their face and the viewscreen, namely, the
unpatched condition. The conventional eye patch was a commercial product, Flents® Eye
Patch, 7.0 cm in diameter. The tactile-stimulation-only device (named the “tactile-only patch”
for convenience) was made by cutting out a conventional patch to leave only a 1-cm rim. It
was placed on the participant’s face in the same fashion as a conventional patch. The visual-
occlusion-only device (named “visual-only patch” for convenience) was a white plastic typing
page holder measuring approximately 8 ½ × 11 inches (21.6 × 28.0 cm) and mounted on a
hospital bedside table. The visual-only patch was positioned approximately 2.0 cm in front of
the participant’s face with the edge near the midline of the face.

Design and procedure—To begin each trial, participants were instructed to move the
pointer to either the left or right upper corner of the viewscreen. They then moved the pointer
to bisect the line, and verbally indicated when they were satisfied with the pointer placement.
For the following trials, the starting corners were alternated. Each participant performed a total
of 224 trials, in 28 trial blocks of 8 trials per block. Two variables — viewing distance (near
vs. far) and visual feedback condition (Natural vs. Reversed) — formed four subsets, which
were pseudorandomized across participants. Within each subset, conditions of three patch types
—conventional, tactile-only, and visual-only — and the unpatched condition were also
pseudorandomized. The order in which each eye was patched was randomly selected and
blocked within a trial block.

Results
Prior to the planned analyses, two overall analyses of variance (ANOVAs) were conducted on
the two dependent variables (“where” error and “aiming” error). Each overall ANOVA
consisted of three within-subjects variables: viewing distance (near vs. far), patch type (no-
patch, conventional, tactile-only, and visual-only), patching side (left vs. right), and one
between-subjects variable: gender (male vs. female). For “where” errors, two main effects were
found from patch type [F(3, 42) = 2.98, p = 0.042 ] and patching side [ F(1, 14) = 65.82, p <
0.001], and two two-way interactions were shown: patch type × patching side [F(3, 42) = 26.63,
p < 0.001] and distance × gender [F(1, 14) = 6.06, p = 0.027]. For “aiming” errors, the ANOVA
yielded a main effect from patch type [F(1, 14) = 3.25, p = 0.031] and an interaction of patch
type × patching side [F(3, 42) = 3.45, p = 0.025]. Although the ANOVA on “where” errors
revealed an interaction between distance and gender, these two factors showed no main effect
or interaction with any other independent variables that were investigated in this study.
Therefore, these data were collapsed in the following analyses. Analyses were conducted to
examine whether 1) monocular patching primarily induces “where” spatial bias rather than
“aiming” spatial bias, and whether 2) a patch-induced contralateral spatial bias was consistent
with the Sprague effect, or whether 3) tactile distraction or compensatory orienting more
appropriately account for observed ipsilateral induced spatial bias.

Data from trials in the unpatched and conventional patch conditions were used to test the first
hypothesis. A 2 × 3 within-subjects analysis of variance (ANOVA) with bias type (“where”
vs. “aiming”), and patching side (left, right, and unpatched) as variables was conducted. This
revealed a main effect of patching side [F(2, 30) = 7.77, p = 0.002] and an interaction of bias
type and patching side [F(2, 30) = 24.84, p < .001]. Paired-samples two-tailed t-tests revealed
that the interaction primarily reflected from differences in “where” errors between the
unpatched condition and the right patch, and between the unpatched condition and the left patch
(see Figure 2). The right eye patch, comparing to the unpatched condition, induced a more
rightward “where” error [t(15) = −5.48, p < 0.001] but a more leftward “aiming” error [t(15)
= 2.59, p = 0.021], whereas the left eye patch tended to induce a more leftward “where” error
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than the unpatched condition [t(15) = 2.07, p = 0.056] without significant difference in “aiming”
errors compared to the unpatched condition [t(15) = 0.92, p = 0.372]. Performances with
monocular patching did differ from performance with binocular viewing (i.e., unpatched
condition). To assess whether line bisection performance was biased compared with accurate
performance, a series of one-sample two-tailed t-tests were conducted: in the unpatched
condition, bisection performance was leftward, but these errors did not reach significance
compared with perfect performance (“where” error = −0.3 mm, SD = 1.2, ns; “aiming” error
= 0.3 mm, SD = 1.7, ns). The right eye patch induced rightward “where” errors (1.5 mm, SD
= 1.4, t(15) = 4.16, p < 0.001) without significant leftward “aiming” errors (−0.6mm, SD =
2.0, ns). The left eye patch induced leftward “where” errors (−1.0mm, SD = 2.0, t(15) = −2.16,
p = 0.047) without significant leftward “aiming” errors (−0.1 mm, SD = 2.0, ns). Only “where”
errors with monocular patching were significantly different from zero (i.e., the true center of
the line) while the other errors were not distinguishable from accurate performance. These
results of one-sample two-tailed t-tests are indicated as numbers of asterisks in Table 1 and
Figure 2. Overall, patch-induced spatial errors appeared consistent with a primary “where”
rather than “aiming” bias.

The Sprague effect predicted that an eye patch would induce contralateral bias. However as
revealed in Figure 2, confirmed with the results of the t-tests described previously, direction
of induced spatial bias was primarily ipsilateral to eye patching. Specifically, we found “where”
ipsilateral bias to either eye when patched. These results were not consistent with the Sprague
effect.

We next addressed whether an ipsilateral “where” bias induced by a monocular patch could
be better explained by tactile distraction, or by compensatory ipsilateral re-allocation of
perceptual attention. To test the tactile distraction hypothesis, the analysis was a one-way
within-subjects ANOVA with patching side (unpatched, tactile-only right patch, and tactile-
only left patch) as variables. No main effect was found. Consistently, paired-samples two-tailed
t-tests supported no differences between the tactile-only left (−0.5 mm, SD = 1.8, ns), or right
patch (−0.3 mm, SD = 1.7, ns) and the unpatched (−0.3 mm, SD = 1.2, ns) conditions. This
indicates that tactile stimulation alone did not provide observable distraction to induce a
significant error distinguishable from the performance demonstrated in the unpatched
condition (Figure 3). One-sample two-tailed t-tests also showed no difference between zero
and errors made in any tactile-only patch condition. This is inconsistent with the tactile
distraction hypothesis that tactile stimulation would induce ipsilateral patch-induced spatial
bias.

Compensatory ipsilateral orienting may result from re-allocation of ipsilateral “where”
resources after visual deprivation due to monocular visual occlusion. This hypothesis was
tested on “where” errors with a one-way within-subjects ANOVA with patching side
(unpatched, visual-only right patch, and visual-only left patch) as variables. The analysis
revealed a main effect of patching side [F (1,15) = 42.76, p < 0.001]. Following up, paired-
samples two-tailed t-tests showed that the visual-only right patch induced more rightward
“where” errors than the unpatched [t(15) = −6.54, p < .001], and the visual-only left patch
induced more leftward “where” errors than the unpatched [t(15) = 4.21, p = 0.001]. Consistent
with induced “where” errors with the conventional patch, the visual-only patch induced a
significantly different performance than when both eyes were not occluded. Also consistent
with findings with the conventional patch, the visual-only patch produced ipsilateral “where”
errors, shown by one-sample two-tailed t-tests that revealed significant differences between
zero and visual-only left (−2.1 mm, SD = 2.0, t(15) = −4.16, p < 0.001), and visual-only right
patches (2.0 mm, SD = 2.0, t(15) = 4.07, p = 0.001). These results of t-tests are indicated as
numbers of asterisks in Table 2 and Figure 4. Therefore, visual occlusion may account for
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patch-induced spatial bias, as a result of compensatory ipsilateral re-allocation of perceptual
attention.

The mean spatial error, in the unpatched condition, made in near space (−0.30 mm, SD = 3.04)
was to the left of that in far space (−0.13 mm, SD = 2.67). This directional difference was
consistent with previous research that found a distance effect on spatial bias, but this paired-
samples comparison did not reach significance [t(15) = −0.63, p = 0.538] (cf. Garza et al., in
press; Varnava, McCarthy, & Beaumont, 2002; Wilkinson & Halligan, 2003). Previous
research suggested that viewing distance may affect patch-induced spatial bias, especially in
persons with spatial neglect (Barrett et al., 2000). However, no main effect or interaction was
found with viewing distances used in the present study. It is possible that larger follow-up
studies including more participants will replicate a near-far difference.

Discussion
This study presented evidence of “where” spatial bias induced by visual occlusion from an eye
patch in healthy adults. Induced “where” bias was ipsilateral to the side of the eye patch. This
finding is not consistent with the Sprague effect (Sprague, 1966).

Ipsilateral spatial bias induced by eye patching might be the result of bottom-up distraction by
a novel tactile stimulus (i.e., the patch on the face), or top-down re-allocation of spatial
perceptual or representational resources based on loss of visual input. The current results
indicate that visual occlusion, rather than tactile distraction, may account for the ipsilaterally
induced “where” bias. This finding that visual occlusion induced ipsilateral spatial bias may
thus be explained by a compensatory mechanism of “where” attentional-representational
resource allocation.

Compensatory orienting was reported in persons with hemianopia, a visual field defect caused
by visual cortical lesions (Barton & Black, 1998; Doricchi & Angelelli, 1999; Doricchi et al.,
2002b; Kerkhoff, 1993). Visual occlusion by monocular patching and hemianopia may both
trigger asymmetrical perceptual-attentional re-allocation — altered criteria for stimulus
detection in the area of decreased visual input —, or asymmetric spatial representation —
increased representational resources devoted to the region of visual loss. Thus, compensatory
resource reallocation may account for the present findings.

McCourt et al. (2001) also studied effects of monocular patching on spatial bias in healthy
adults. Judging from their methodology (i.e., brief stimulus presentation, usage of chinrest,
and no actual line bisection movement), they might have isolated “where” bias. Thus, it is
possible to compare the findings of McCourt et al.’s study with the current findings on “where”
bias. Inconsistent with the present study, however, they found that leftward midline perception
of a line (when viewing binocularly) was increased as the right eye was occluded (more
leftward) and reduced as the left eye was occluded (leftward, but lesser in magnitude). That is,
the induced misperception of the midline was biased toward the opposite side of a right, but
not a left eye patch. The discrepancy between the two studies may result from the differences
in experimental tasks. In the present study, participants were allowed to view a line for an
unlimited time period as they moved to mark the midpoint. In McCourt et al.’s study, a line
was presented for 150 ms. This short period of time may facilitate bottom-up rather than top-
down processing, and thus inhibit compensatory resource re-allocation, which may require
time to be initiated and to produce effects. Whether the cortical-colliculus system may be
involved at the beginning of visual occlusion, before top-down compensatory effects may
overcome the Sprague effect, requires further investigation.
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Figure 1.
Top diagram demonstrates near space apparatus. Bottom diagram demonstrates far space
apparatus.
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Figure 2.
Mean line bisection errors with standard error bars in the unpatched condition and conditions
while wearing a conventional patch on the left or right eye. Rightward errors are plotted positive
and upward. One-sample two-tailed t-tests revealed that with an eye patch, the “where” errors
were significantly different from zero (the true center of the line): * p < 0.05; *** p < 0.001.
No “aiming” error was statistically different from zero. Patch-induced errors may be primarily
dependent on “where” systems and ipsilateral to the patching side.
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Figure 3.
Mean line bisection errors with standard error bars in the unpatched condition and the condition
with the tactile-only patch – a tactile device around the eye without occluding vision. Rightward
errors are plotted positive and upward. In this figure, no error was statistically different from
zero, which indicates that a tactile-only patch did not induce spatial bias.
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Figure 4.
Mean line bisection errors with standard error bars in the unpatched condition and the condition
with the visual-only patch – a visual occlusion device in front of the eye without touching the
face. Rightward errors are plotted positive and upward. One-sample two-tailed t-tests showed
that with one eye blocked from view, the “where” errors were significantly different from zero
(the true center of the line): ** p < 0.01; *** p < 0.001. No “aiming” error was statistically
different from zero. This result indicates that visual loss may induce “where” bias, ipsilateral
to the side of visual occlusion.
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Table 1
Mean bisection “where” and “aiming” errors under the unpatched condition and while wearing a conventional patch
on the left or right eye.

Bisection error (in mm) Patching side

Bias Type Left-patched Unpatched Right-patched

“where” − 1.0 (1.8) * − 0.3 (1.2) 1.5 (1.4) ***

“aiming” − 0.1 (2.0) 0.3 (1.7) − 0.6 (2.0)

Rightward errors are presented in positive value, and leftward in negative. Standard deviations are in the parentheses. Measuring unit is in millimeter.

*
One-sample two-tailed t-tests compared all errors with zero (the true center of the line) and revealed that with an eye patch, the “where” errors were

significantly different from zero: p < 0.05;

***
p < 0.001.

Monocular patching primarily induced “where” bias ipsilateral to the eye patch.
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Table 2
Mean bisection “where” and “aiming” errors under conditions of tactile-only patch and visual-only patch.

Bisection error (in
mm)

Patch type

Tactile-only Visual-only

Bias Type Left-patched Right-patched Left-patched Right-patched

“where” − 0.5 (1.8) − 0.3 (1.7) − 2.1 (2.0) *** 2.0 (2.0) **

“aiming” − 0.1 (1.7) − 0.4 (1.8) − 0.4 (1.6) − 0.3 (1.6)

Rightward errors are presented in positive value, and leftward in negative. Standard deviations are in the parentheses. Measuring unit is in millimeter.

**
One-sample two-tailed t-tests compared all errors with zero (the true center of the line) and revealed that with one eye blocked from view, the “where”

errors were significantly different from zero (the true center of the line): p < 0.01;

***
p < 0.001.

Visual occlusion, rather than tactile stimulation, induced ipsilateral “where” bias.
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