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Abstract OBJECTIVES: Pseudoneglect is the general bias for the healthy population to over-attend 
to the left hemispace. This phenomenon is classically demonstrated in visuospatial modality 
using various line bisection tasks. The present study investigates the effect of horizontal 
and vertical spatial fields on the presence of pseudoneglect using the “Landmark Task”. 
MATERIAL AND METHODS: Depending on the horizontal spatial location, thirty-one healthy 
subjects carried out the same task in three separate sessions, in left, central, and right 
visuospatial positions. The stimuli at each session were vertically located at the upper, 
middle, and lower screen fields. We recorded the participant’s eye movements to analyze 
scanning patterns in the course of their judgments. 
RESULTS: In horizontal alignments, we replicated the previous finding that pseudoneglect 
was stronger in the left visual field. In terms of vertical alignment, pseudoneglect was 
found to be stronger in the lower field than in the middle field. The leftward judgment bias 
was observed in the left – lower field greater among whole fields. The scanning bias was 
also found to be consistent with pseudoneglect in the left session. 
CONCLUSION: Our results indicated that the contribution of the right hemisphere to the 
allocation of attention exists mainly for horizontal alignment, and more pronounced in 
the left hemispace.

Introduction
Numerous studies have shown that humans do not 
attend equally to the right and left sides of the visual 
space. Generally, healthy individuals over-attend 
to  the left side of visual stimuli and show a leftward 
attentional spatial bias (McCourt & Jewell, 1999). 
Drawing on comparable underlying mechanisms 
defined as clinical hemi-neglect, Bowers & Heilman 

(1980) identified this phenomenon as pseudoneglect. 
Patients with clinical hemispatial neglect show a strong 
preference for objects located in the right hemispace 
(Buxbaum et al. 2004; Heilman & Valenstein, 1979). 
Like neglect, pseudoneglect is observed in visuospatial 
modality using the line bisection task. When healthy 
humans bisect a horizontal line, they tend to mani-
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fest a slight leftward bias relative to the exact center, 
whereas neglect patients place their mark to the right 
of the midpoint (Jewell & McCourt, 2000). 

Another type of line bisection task used to evaluate 
pseudoneglect is the “Landmark task” (LT). This task 
reveals perceptual biases in pseudoneglect and neglect 
in the absence of a motor response (Milner et al. 1992). 
In LT, participants are presented with pre-transected 
lines and asked to assess whether the transecting bar 
is closer to the left or the right end of the line (Harvey 
et al. 1995; Olk & Harvey, 2002). Irrespective of whether 
healthy individuals manually place a bisection mark or 
judge the midpoint on a pre-bisected line, they over-
estimate the length on the left. In line bisection-type 
tasks, healthy young adults demonstrate a leftward 
bisection bias and are more likely to report that the 
transecting bar is nearer to the right end (in this case, 
the left portion of the line appears longer) (Barrett 
et al. 2000, Greene et al. 2010, Rueckert & McFadden, 
2004). Schuster et al. (2017) compared the robustness 
and reliability of different fMRI tasks for evaluating 
visuospatial processes and concluded that the LT was 
the most robust and reliable, reproducibly determining 
hemispheric dominance in 93% of subjects.

It is broadly assumed that clinical hemi-neglect and 
pseudoneglect both result from functional asymmetries 
in the control of visuospatial attention (Adair, 2008). It 
is known that signs of unilateral neglect are associated 
with right hemisphere lesions, especially at the inferior 
parietal and superior temporal gyrus or temporoparietal 
junction (Mesulam, 1981; Roselli et al. 1985). Patients 
with such right hemisphere lesions pay less attention 
to the left side of the visual space and therefore, targets 
in the left hemispace appear smaller to them. Healthy 

participants, in contrast, are hypothesized to pay more 
attention to the left side of the visual space, and conse-
quently will tend to overestimate the size of stimuli that 
appear there. 

According to the activation-orientation model 
of attentional asymmetry, spatial attention is governed 
by two antagonistic attentional gradients, which are 
directed by the contralateral hemisphere (Kinsbourne, 
1970). A particular activation within a hemisphere 
increases the slope of the attentional gradient and the 
bias of attention towards the contralateral hemispace. 
Different attentional cueing studies support the 
activation-orientation model (Bultitude & Aimola 
Davies, 2006; Nicholls & Roberts, 2002). Also, some 
studies show that certain conditions could exacerbate 
right hemisphere activation and therefore increase the 
magnitude of pseudoneglect. For example, use of the 
left hand (Fukatsu et al. 1990; McCourt et al. 2001), 
or presentation in the left hemispace, (McCourt et al. 
2000, McCourt & Jewell, 1999) enhance pseudoneglect. 
Siman-Tov et al. (2007) suggested models of neural 
connectivity within the right hemisphere and connec-
tivity from the right to the left hemisphere. The asym-
metry in connectivity results in intensified involvement 
of both hemispheres in the processing of objects placed 
in the left visual space. 

One aspect that has been less investigated is how 
pseudoneglect is affected by the vertical spatial posi-
tion of the visual stimuli. Studies have suggested that 
visual processing also varies across the upper and lower 
visual fields (Skrandies, 1987). The differences between 
upper and lower visual fields have been reported on 
some spatial based tasks, but there are inconsistencies 
between the related studies. For example, the left visual 

Fig. 1. The representation of landmark stimuli in three different free viewing trail 
sequences. 
A – Presentation of the lines on the left half of the screen – “Left session”; 
B - Presentation of the lines on the central part of the screen – “Central session”; 
C – Presentation of the lines on the right half of the screen – “Right session” 
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or corrected-to-normal vision. A total of 31 subjects 
(mean age = 22.3 ± 3.9 years, mean laterality score = 
13.8 ± 1.2) participated in the behavioral experiment. 
Eye movements were recorded from fifteen subjects. 

Task
Stimuli were horizontal lines in black on a white back-
ground, presented at an 800 x 600-pixel resolution, 
on a 17” flat-screen monitor controlled by a desktop 
computer. Lines were presented in a free viewing LT. 
The lines were either correctly (in 50% of trials) or 
incorrectly (25% to the left, 25% to the right) pre-
bisected by a vertical mark (transector). The incorrectly 
placed transector was misplaced either 0.2º to the left or 
the right. 

Participants were falsely informed that none of the 
transaction marks were placed at the actual center. 
We instructed them to judge whether the transector 
appeared closer to the left or right end of the line. 
The incorrectly transected lines were included to help 
to  convince individuals that the lines were not trans-
acted in the center.

Landmark stimuli (horizontal lines of the length 
corresponding to a visual angle of 14-15º) were 
presented in three experimental sessions (see Figure 1). 
Each session includes 96 lines (48 correctly, 48 incor-
rectly pre-bisected), equally distributed in three 
different vertical plane positions; upper, middle, and 
lower. In the Left session, the presentation of the lines 
was on the left half of the screen (see Figure 1.A). 
The Central session was designed using midsagittal 
presented lines (see Figure 1.B). The Right session’s 
presentation was on the right half of the screen (see 
Figure 1.C). Thus, each line had two dependent posi-
tionings. The order of presentation of the sessions was 
counterbalanced across subjects.

Procedure
Experiments were conducted in a dimly lit and isolated 
room. Subjects were seated in a comfortable unmovable 
chair whose height was pneumatically adjusted so that 
the participants’ straight-ahead view was at the midpoint 
of the screen and their midsagittal plane was aligned 
with the midsagittal plane of the screen. Behind the 
monitor was an empty wall. A table-mounted forehead-
and-chin rest was used to minimize head movement 
and fix the subjects’ viewing distance at 50 cm from the 
screen. The participants responded by response box 
using their index fingers; for “near to left” choice whit 
the left finger, for “near to right” choice with the right 
finger. Before administering the trials, the experimenter 
ensured that the participant had understood the task 
instructions by applying a short training trial.

The generation and sequencing of stimuli and the 
collection of subject responses were accomplished 
using the Neuroscan STIM software package. In all 
experimental conditions, the subject’s eye movements 

field advantage was reported for spatial resolution 
(Rezec & Dobkins, 2004), visual search (Nicholls et al. 
2017) or spatial frequencies (Edgar & Smith, 1990). 
There is also some evidence from various line-bisection 
tasks, but the observed findings are mixed. Stronger 
leftward bias was found by McCourt & Jewell (1999) 
and McCourt & Garlinghouse (2000) in the upper 
visual field. However, Barrett et al. (2000) and Thomas 
& Elias (2010) found the leftward bias to be stronger in 
the left visual field. 

Few studies have used visuospatial stimuli 
to examine both the horizontal and vertical alignment 
interactions. The differences between upper and lower 
visual fields have been reported in various tasks such as 
visual search (Previc, 1990) and categorical judgment 
(Niebauer & Christman, 1998). Rubens (1985) observed 
that hemispatial neglect is most influenced in the left 
and lower visual fields. Studies that observe a left-field 
visual advantage display a left-field advantage, whereas 
those that indicate an upper field advantage have found 
a right-field advantage (Christman & Niebauer, 1997). 

Understanding the attentional bias across the broad 
visual fields has also great practical significance. Spatial 
distribution of attention is correlated with the perfor-
mance of daily activities such as walking (Broman et al. 
2004) and driving (Clay et al. 2005). 

Our study aims to investigate the effect of stimulus 
presentation across locations on the horizontal plane, 
and also over the vertical plane on asymmetric visuo-
spatial perception using LT. In addition, scanning eye 
movements provides an efficient way to examine which 
portions of the screen are examined during the task and 
to determine whether eye movements are congruent 
with responses. There is evidence that eye movements 
share common neural pathways with the attentional 
circuits in the brain (Corbetta et al. 1998). Therefore, 
we conducted an LT in which the subject’s eye move-
ments were scanned simultaneously. Hence, another 
purpose of this study was to assess the extent of  the 
contribution of visual scanning to pseudoneglect’s 
manifestation in different spatial conditions and eluci-
date the potential associations between eye movements 
and pseudoneglect.

Materials and methods 
Subjects
Thirty-one healthy, right-handed volunteers (15 female) 
with normal vision were studied. All subjects gave their 
informed consent for inclusion before they participated 
in the study. The study was conducted in accordance 
with the Declaration of Helsinki, and the protocol was 
approved by the local 

Ethics Committee. Hand preference was assessed 
using the Chapman & Chapman Handedness Ques-
tionnaire (Chapman & Chapman, 1987), adopted in 
Turkish by Nalcaci et al. (2002). All participants were 
naïve as to the purpose of the study and had normal 
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were obtained using an Infra-Red (IR) eye-tracker, as 
described below.

The employed eye-tracking system was developed 
to  detect and track the eye movements at a sampling 
rate of 25 Hz. In general, the system includes a video 
camera sensitive to IR, an IR illuminator, a computer 
for eye data recording, and a subject monitor. In the 
first step, a 9 point-image was shown on the monitor 
to the subject as a first visual stimulus for calibration 
purposes and the anatomic characteristics of the subject 
were extracted. Data collection followed the calibration 
procedure. Two separate PCs operated the eye-tracking 
system and the stimulus administration program, but 
they were interfaced via a parallel port connection 
to  ensure the accurate timing of stimulus presenta-
tion and data collection. The image analysis algorithm 
computes the location of the pixel points on which the 
subject focuses on the stimulus (gaze point). For each 
subject and each line we recorded the scanning time and 
scanned area in the left and right parts of the transector. 
The record began with the appearance of the line on the 
screen and continued until the subject’s response. From 
these computations, the exact location of the pixel that 
is being focused on is defined as a function of time, and 
the statistical distribution is plotted in horizontal and 
vertical directions separately. 

Design and analysis
The software records the number of the subject’s judg-
ments for stimuli in each experimental session. The 
mean values of left and right responses were analyzed 
for responses of correctly bisected lines, to  indicate 

the biases of judgments. LT responses were scored 
as leftward when the right side was chosen as being 
shorter (“near-to-right” response). Behavioral asym-
metry scores were calculated by subtracting the number 
of  rightward responses from the number of  left-
ward responses, then dividing by the total number 
of responses and multiplying by 100.

Scanned area asymmetry scores and scanned area 
scores were calculated using a similar formula like 
behavioral data scores: (scanned area in the right – 
scanned area in the left) / total value of the scanned 
area * 100 and (scanning time in the right – scanning 
time in the left) / total value of the scanning time * 100, 
respectively. All asymmetry scores ranged from −100 
(scanning only the left half) to +100 (scanning only the 
right half).

Results
Behavioral data
One sample t-tests were conducted to compare the 
asymmetry scores with a score of zero (the theoretical 
value of the true center) and determine the significance 
of the biases in performed LT. When analysing the 
three sessions without considering the different vertical 
alignments (Figure 2.A), one sample t-test indicated 
that the leftward judgment bias was significant in the 
left and central condition (t(30) = -8.530, p = 0.000; 
t(30) = -4.122, p = 0.000, respectively). On the other 
hand, regardless of the horizontal plane alignments 
of the stimuli there was an overall significant leftward 
bias for the whole vertical alignments (for upper t(30) 

Fig. 2A. Mean response asymmetry scores (M ± S.E.) for the three sessions. B – Mean scanning asymmetry scores for the three sessions.
 indicates bias significantly different from zero.

*p < 0.05, **p < 0.001, ***p < 0.000. 
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= -5.300, p = 0.000; for middle t(30) = -3.264, p = 0.003 
and for lower t(30) = -5.093, p = 0.000), (see Figure 
3.A).

The results of the detailed visuospatial asymmetries 
for judgment bias are shown in Figure.4 (columns in 
blue). Examining the data in detail, we found that the 
leftward judgment bias for the left session exists for the 
whole vertical conditions (LU, LM, and LL). Although 
the leftward bias was computed totally for the central 
horizontal alignment, there was not found a bias after 
Bonferonni-correction in the upper and middle condi-
tions. Only the central lower (CL) field conducted 
significantly leftward judgment bias. As expected, the 
judgment bias was not significant in the whole investi-
gated right spatial fields (RU, RM, and RL). In contrast 
to other right spatial fields, the judgment tendency in 
the RM field was rightward (See Suppl. Table 1).

For multiple comparisons, a two way (3x3) repeated–
measures analysis of variance was computed for within-
subjects, with independent variables of horizontal 
alignment of lines (left, central, and right) and vertical 
alignment of lines (upper, middle, and lower), and with 
the dependent variable being the response asymmetry 
score on the LT. The main effect of horizontal align-
ment was significant, F(2,60) = 19.840, p = 0.000. In 
particular, post hoc Bonferroni analysis revealed that the 
leftward judgment bias in the left horizontal alignment 
reached the highest score among the three horizontal 
positions (p < 0.05 in the post hoc comparison with the 
central alignment and p < 0.000 with the right align-

ment). The difference between the central and the right 
sessions was also significant (p < 0.001, see Figure 2.A). 

The main effect of vertical stimulus alignment was 
significant, F(2,60) = 4.392, p = 0.017. Post hoc Bonfer-
roni analysis revealed that the leftward judgment bias 
in the lower field is most prominent and different from 
the middle (p < 0.05), but not the upper field. The bias 
did not differ also between the upper-middle fields (see 
Figure 3.A).

There was a significant effect of interaction between 
the judgment biases in horizontal and vertical align-
ments, F(4,120) = 4.013, p = 0.004. In particular (see 
Figure 4), bias differed significantly among vertical 
alignment at upper field, between the left and right 
positions (p < 0.05), at middle field the overall biases 
were significantly different (left – central, p < 0.001; 
left-right, p < 0.000; central – right, p < 0.001), at lower 
field, between left-right, p < 0.000 and central – right, 
p  < 0.001. The differences among a horizontal align-
ment were found significantly different in the right 
position (see Figure 4), between the upper and middle 
fields (p < 0.000) and the difference between middle 
and lower fields was close to the margin of statistical 
significance (p = 0.057).

Eye-tracking data
Due to the technical difficulties of recording eye move-
ment parameters from some individuals, eye-tracking 
data from only 10 participants in all three sessions was 
usable. Partial results were obtained for the separate 

Fig. 3A. Mean response asymmetry scores (M ± S.E.) for the three vertical alignments. B – Mean scanning asymmetry scores for the three 
vertical alignments.

 indicates bias significantly different from zero.)
*p < 0.05
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sessions: 13 for the Left, 15 for the Central, and 12 for 
the Right session.

Firstly, the eye-scanning parameters of each session 
were analyzed separately to reduce the effect of missing 
data. Depend on horizontal alignment, one sample 
t-test revealed that the scanned area asymmetry scores 
and scanning time asymmetry scores were leftward and 
significantly different compared with a score of zero in 
the left condition; t(12) = -11.375, p = 0.000, t(12) = 
-8.096, p = 0.000, respectively. 

Scanned area asymmetry scores and scanning time 
asymmetry scores were significantly rightward in the 
right condition; t(11) = 9.199, p = 0.000, t(11) = 12.748, 
p  = 0.000, respectively. Analyzing the vertical align-
ments without considering the different horizontal 
conditions, the scanned area asymmetry score was 
rightward and significantly different compared with 
a  score of zero in the lower alignment, t(9) = 3.899, 

p =  0.004. Scanning time asymmetry scores were not 
significantly different, but only the score in the lower 
field (t(9) = 2.818, p =  0.02) was found in tendency 
to  be significantly rightward after Bonferroni correc-
tion (p = 0.017), see Suppl.Table 2.

Because of the similarity of the pattern for the eye 
scanning variables, we computed a combined scanning 
bias variable according to the following formula: scan-
ning bias score = (scanning area + scanning time)/2.

The results of the detailed visuospatial asymmetries 
for scanning bias are shown in Figure 4 (columns in 
red):

Left session analyses
Similar to the judgment bias, one sample t-test revealed 
that the leftward scanning bias exists for the whole 
vertical conditions in the left session (LU, LM, LL). No 
significant main effect of the vertical position of lines 

Fig. 4. Mean response asymmetry 
scores (M ± S.E.) and mean scanning 
asymmetry scores (M ± S.E.) for the 
whole screen alignments.
Dashed marks indicates significant 
difference between scanning biases 
among a vertical alignment.
# indicates significant difference 
between judgment biases among 
the right session

 indicates bias significantly 
different from zero.
*p < 0.05, **p < 0.001, ***p < 0.000. 
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was found according to repeated–measures ANOVA, 
F(2,24) = 0.044, p = 0.957.

Right session analyses
Again, the significantly rightward scanning bias exists 
for the whole vertical positions in the right session 
(RU, RM, RL). The main effect of the vertical position 
of lines was also not significant for scanning bias in this 
session, F(1,14) = 2.828, p = 0.081.

Central session analyses
Neither significant scanning bias was found in the 
central session’s vertical positions. The main effect 
of  vertical alignment was not significant also for the 
scanning bias in the central condition, F(1,14) = 0.632, 
p = 0.44. 

For multiple comparisons a two way 3x3 repeated–
measures ANOVA was computed for within-subjects, 
with independent variables of horizontal alignment 
of lines (left, central, and right) and vertical alignment 
of lines (upper, middle, and lower), and with the depen-
dent variable being the scanning bias score during the 
LT.

The main effect of horizontal position of lines was 
significant, F(2,18) = 108.374, p = 0.000. Post hoc 
Bonferroni analysis indicated that scanning bias scores 
were significantly different between the leftward scan-
ning bias in the left session and the biases in the central 
and right sessions (  < 0.000 for both). The rightward 

scanning biases in the central and right conditions 
differed also significantly (p < 0.001), see Figure 2.B.

No significant main effect of vertical position of lines 
was found, F(2,18) = 0.531, p = 0.6. 

The interaction between horizontal and vertical 
alignment was not significant for eye scanning bias 
scores, F(4, 36) = 1.687, p = 0.174.

Discussion
Using the LT, we examined the effect of different visuo-
spatial conditions on pseudoneglect regarding visual 
exploration research. Behaviourally, we found that 
pseudoneglect exists in the overall left session and 
central session, whereas no significant judgment bias 
was observed during the performance of the task in the 
right session. In the left session, a stronger pseudone-
glect was found in the lower (LL) field, but the differ-
ence between the vertical fields was not significant. In 
the central session, pseudoneglect was found only in 
the lower field (CL). The judgment bias in the LL was 
more leftward than CL, but the difference was also not 
significant. In summary, for overall vertical conditions 
in the left session and central-lower condition, partici-
pants perceived the transector as being located to the 
right, consistent with a relative over-estimation of the 
left-sided stimuli half. In hence our findings suggest 
that the allocation of spatial attention in the left-lower 
field modified robustly the size of the pseudoneglect. 

Tab. 1. Mean asymmetry scores of behavioral responses for the lines at the vertical and horizontal peresentation and comparisons to 0 for 
the whole screen alignments.

Left Center Right

Upper

mean sd n mean sd n mean sd n

Avg. 
Upper

mean sd n

-38.3 35.3 31 -24.2 46.8 31 -12.5 32.9 31 -25.0 26.3 31

t p se t p se t p se t p se

-6.034 0.000 6.348 -2.881 0.007 8.399 -2.115 0.043 5.912 -5.300 0.000 4.717

Middle

mean sd n mean sd n mean sd n

Avg. 
Middle

mean sd n

-46 43.2 31 -19.8 42.9 31 17.3 42.2 31 -16.5 28.1 31

t p se t p se t p se t p se

-5.921 0.000 7.764 -2.564 0.016 7.707 2.283 0.030 7.573 -3.269 0.003 5.048

Lower

mean sd n mean sd n mean sd n

Avg. 
Lower

mean sd n

-49.2 42 31 -33.1 41.4 31 -2.82 39.5 31 -28.4 31 31

t p se t p se t p se t p se

-6.510 0.000 7.557 -4.447 0.000 7.436 -0.397 0.694 7.092 -5.093 0.000 5.568

Avg. Left Avg. Center Avg. Right

mean sd n mean sd n mean sd n
in red: right-bias tendency

in bold: significant
after Bonferonni- correction

-45.5 29.7 31 -28.5 38.5 31 -2.3 33 31

t p se t p se t p se

-8.530 0.000 5.334 -4.122 0.000 6.915 -0.388 0.701 5.927

*indicates bias significantly different from zero (one-sample t-test). 
Significance level is p < 0.006, Bonferonni-corrected.
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Reuter-Lorenz et al. (1990) observed that presenta-
tion of lines in the left visual field induced pseudone-
glect, while the presentation of lines in the right visual 
field attenuated or reversed this bias, supporting the 
notion that pseudoneglect was a product of contralat-
eral distribution of attention by the right hemisphere. 
Visual field presentation modulates the magnitude 
of the bias. Cavezian et al. (2012) found that the magni-
tude of the leftward bias was modulated by the lateral 
position of the stimulus. Right hemisphere attentional 
dominance may lead to a propensity for leftward bias. 
However, the right hemispace is the contralateral side 
mainly controlled by the left hemisphere, which is less 
specialized for spatial attention.

Researchers have assumed that neglect and pseu-
doneglect arise mostly as a result of the right hemi-
sphere dominance for visuospatial functions. An 
influential model of the neural processes involved in 
attentional bias was proposed by Kinsbourne (1970). 
Kinsbourne has suggested that the bias toward the 
left hemispace exists as a result of this dominance 
and well-known contralateral innervation. According 
to this model, the spatial distribution of attention 
is biased in the direction contralateral to the more 
activated hemisphere (Reuter-Lorenz et al. 1990). In 
addition, neuroimaging data indicate that the brain 
regions associated with spatial attention in the right 
hemisphere are preferentially activated during visuo-
spatial tasks (Bjoertomt et al. 2002; Cicek et al. 2009; 
Fink et al. 2000; Fink et al. 2001; Foxe et al. 2003). 
Also, according to research by Seydell-Greenwald 

et al. (2019) LT activation is strongly right-lateralized 
among different spatial tasks. They also indicate that 
especially the LT requires the spatial attention and 
spatial representation together. Using spatial attention 
one has to shift the attention between the left and the 
right line segment and compare both line segments in 
content with spatial representation. 

Moreover, stimuli in the left visual field have greater 
potential to activate visuospatial attention networks in 
the right hemisphere (Siman-Tov et al. 2007). This, 
in turn, supports the suggestion that pseudoneglect 
occurs as a result of the right hemisphere’s over-
activation, which causes the distribution of atten-
tion to be strongly directed to the left side. Models 
of neural connectivity have been proposed which 
suggest increased connectivity within the right hemi-
sphere and/or connectivity from the right- to the left 
hemisphere. This asymmetry in connectivity results 
in enhanced recruitment of both hemispheres for the 
processing of stimuli located in the left hemispace 
(Siman-Tov et al. 2007). In healthy right-handers, the 
left hemisphere’s rightward vector prevails over the 
right hemisphere’s leftward vector. This difference 
may explain the opposite pseudoneglect in the right 
hemispace.

Our results showed that subjects’ judgments differed 
without an obvious difference among extreme upper-
lower vertical positions. Without considering the hori-
zontal alignment, the difference was found between 
upper-middle fields. The only significant difference 
among distinct sessions was in the right session, 

Tab. 2A. Mean scanned area scores for the whole screen alignments.

Eye 
area

Left Center Right

Upper

mean sd n mean sd n mean sd n

Avg. 
Upper

mean sd n

-38.5 13.7 13 14.9 31.6 15 52.9 18.8 12 6 13.9 10

t p se t p se t p se t p se

-10.129 0.000 3.802 1.824 0.089 8.169 9.749 0.000 5.431 1.376 0.205 4.396

Middle

mean sd n mean sd n mean sd n

Avg. 
Middle

mean sd n

-39 14.4 13 13.3 16.4 15 47.7 33.6 12 6.2 16.4 10

t p se t p se t p se t p se

-5.921 0.000 7.764 3.135 0.007 4.246 4.920 0.000 7.573 1.197 0.262 5.187

Lower

mean sd n mean sd n mean sd n

Avg. 
Lower

mean sd n

-41.7 17.1 13 9 18.2 15 66.2 18.2 12 17.3 14 10

t p se t p se t p se t p se

-8.807 0.000 4.740 1.910 0.076 4.712 12.620 0.000 5.248 3.908 0.004 4.437

Avg. Left Avg. Center Avg. Right

mean sd n mean sd n mean sd n
in red: right-bias

in bold: significant
after Bonferonni- correction

-39.9 12.6 13 11.8 17.6 15 53.8 20.2 12

t p se t p se t p se

-11.375 0.000 3.504 -4.122 0.000 6.915 9.199 0.000 5.844
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between the fields with opposite pseudoneglect bias 
(RU – RM). As the bias wasn’t found significant for the 
abovementioned right fields, we cannot conclude that 
the result indicates an important spatial influence.

A small number of studies have measured visuospa-
tial asymmetries as a function of vertical stimulus loca-
tion, and these have reported a leftward bias for stimuli 
appearing in the lower visual field, but results for the 
upper fields have been inconsistent (Drago et al. 2006; 
Thomas & Elias, 2010, 2011; Nicholls et. al., 2012). 
The lower visual field is predominantly represented 
along the dorsal visual pathway, important for visually 
guided actions; the upper visual field is predominantly 
represented in the ventral pathway, necessary for 
perceptual identification of objects (Goodale & Milner, 
1992). Kraft et al. (2011) showed a lower field prefer-
ence during stationary spatial orienting and an upper 
field preference during visual searching, using fMRI. 
Loughnane et al. (2014) used stimuli in the vertical 
plane and found that reaction times were faster to left 
hemifield targets in the lower visual field, but the oppo-
site trend was observed for targets in the upper field. 
Recently, Zhou et al. (2017) obtained evidence that 
supports that the upper and lower visual fields were 
primarily represented in the allocentric and egocentric 
references, respectively. 

Thomas & Elias (2010) found a greater leftward bias 
in the lower field using a free viewing grayscale task 
paradigm. Their subsequent research (Tomas & Elias, 
2011) indicated that the leftward bias in the lower field 
is stronger during the prolonged presentation, which 

allows eye movements, but the brief presentation 
without saccadic eye movements induces a stronger left 
bias in the upper field. Additionally, tasks observing 
the lower field advantage have shown left hemispatial 
field advantage whereas those showing an upper field 
advantage find a right hemispatial field advantage. 
Furthermore, tasks demonstrating the lower field 
advantage also observed a left hemispatial field advan-
tage, whereas those finding an upper field advantage 
observe a stronger left bias in the right hemispatial 
field (Christman & Niebauer, 1997). The same rela-
tionship has been observed in visuospatial attention as 
hemispatial neglect is most pronounced in the left and 
lower visual fields (Rubens, 1985).

As our study also involves saccadic eye movements 
and the stronger pseudoneglect was found in the LL 
field, our results have been found in line with the 
previous investigations that have reported a lower field 
advantage during prolonged free viewing tasks in the 
left spatial conditions. Although the pronounced left-
ward judgment bias score was found in the LL field, 
the difference between lower and upper fields was not 
significant. Even using the middle alignment reduced 
the number of gaze gaps between both extreme stimuli 
positions. One possible reason is that in our experi-
ment, the difference between the upper and lower 
alignments is not large enough to induce different 
eccentric spatial conditions such as allocentric and 
egocentric. Moreover, the use of the middle vertical 
alignment reduced the number of gazes between the 
locations of the two extreme stimuli.

Tab. 2B. Mean scanning time scores for the whole screen alignments.

Eye 
time

Left Center Right

Upper

mean sd n mean sd n mean sd n

Avg. 
Upper

mean sd n

-37.1 16.2 13 11.5 33.6 15 52 16.1 12 6.6 12.2 10

t p se t p se t p se t p se

8.253 0.000 4.501 1.331 0.209 8.671 11.182 0.000 4.652 1.702 0.121 3.886

Middle

mean sd n mean sd n mean sd n

Avg. 
Middle

mean sd n

-38.3 18.1 13 14 23.9 15 50.6 15.4 12 9.6 15.2 10

t p se t p se t p se t p se

-7.726 0.000 5.014 2.283 0.040 6.167 11.367 0.000 4.455 1.988 0.077 4.811

Lower

mean sd n mean sd n mean sd n

Avg. 
Lower

mean sd n

-36 21.2 13 7.7 26.5 15 57.2 16.6 12 14.1 15.8 10

t p se t p se t p se t p se

-6.150 0.000 5.850 1.129 0.276 6.841 12.040 0.000 4.792 2.818 0.020 5.008

Avg. Left Avg. Center Avg. Right

mean sd n mean sd n mean sd n
in red: right-bias

in bold: significant
after Bonferonni- correction

-37.3 16.6 13 11.8 17.6 15 53.1 14.4 12

t p se t p se t p se

-8.096 0.000 4.605 -4.122 0.000 6.915 12.748 0.000 4.167



20 Copyright © 2021 Activitas Nervosa Superior Rediviva ISSN 1337-933X

Güneş et al: Visuospatial Asymmetry in Landmark Task 

Asymmetry of visual scanning and pseudoneglect on LT
Eye movements have the potential to play an essen-

tial role in pseudoneglect. Initial saccades to the left 
side of a stimulus (Dickinson & Intraub, 2009) or 
more time spent inspecting the left side (Nuthmann 
& Matthias, 2014) could lead to an overrepresentation 
of the leftward features compared to the right. 

Stimuli presentation is centrally located in most line 
bisection research; in our experiment, this condition 
is similar to the central session presentation of lines 
in the task used by Kim et al. (1997). In their study, 
number 5 appears as located in different random-
ized positions before the presentation of each central 
line. The aim is to initiate the subject's search from 
different spatial portions and alter the initial eye posi-
tion. Subjects scan the lines significantly more from 
the left to right direction (p < 0.000), and the scan 
pattern is not influenced by the initial eye position. 

The data obtained by eye scanning during LT 
provided additional information for asymmetric 
visuospatial perception. In the left session, leftward 
bias was found to be related to asymmetric scanning 
bias for each half of the lines. The left half of the lines 
was scanned longer in comparison to the right half 
in the left session, which is controlled mainly by the 
right hemisphere. Contrary to the left session, in the 
right session rightward bias was usually found to be 
consistent with scanning bias for the right half of the 
lines. 

In our case, the scanning bias results for vertical 
alignment differ from the judgment bias findings. 
One of the main limitations of this research is the 
lack of eye scanning records for certain subjects. This 
limitation makes the interpretation difficult. Keeping 
this in mind, we should indicate that the consis-
tency of  the findings in the left session is significant 
evidence of the right hemisphere advantage in visuo-
spatial attention. 

These findings suggest that, in addition to asym-
metric attention in space, pseudoneglect is due to the 
asymmetric representation of the lines in the brain.

Conslusion
The results obtained by presenting the lines in hori-
zontal and vertical alignments in LT suggested that the 
pseudoneglect observed during the LT was produced 
by asymmetric activation of the hemispheres and the 
asymmetric representation of the lines in the brain as 
well. 
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