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ABSTRACT

Introduction: Impairments in visual search are a common symptom in visuospatial neglect (VSN).
The severity of the lateralized attention bias in visual search tasks can vary depending on the
number of distractors: the more distractors, the more targets are missed. However, little is known
about how the number of targets affect search performance in VSN. The aim of the current study
was to examine the effect of the number of targets on hit rate in VSN.

Methods: We included 23 stroke patients with right-brain damage and VSN, 55 with right-brain
damage without VSN, and 49 with left-brain damage without VSN, all admitted for inpatient
rehabilitation. In a visual search task, patients had to find and tap targets, presented along with
non-targets. The location and number of targets varied from trial to trial, allowing the evaluation of
the effects of number and location of targets on hit rate.

Results: VSN patients detected a lower percentage of targets when more targets were present. For
patients with right-brain damage without VSN, adding targets only reduced the hit rate of the most
contralesional target. No effect of number of targets on hit rate was seen in patients with left-brain
damage. Additionally, VSN patients found less contralesional targets than ipsilesional targets,
made more delayed revisits, and had an initial rightward bias when compared to the other groups.
There were no differences in search time, search consistency, or immediate revisits between
groups. There was a moderate positive relation between the hit rate asymmetry score in our
search task and conventional paper-and-pencil VSN tasks, and neglect behavior in daily life.
Conclusions: In VSN patients, a higher number of targets reduces the hit rate. The reduced hit rate
in visual search evoked by additional targets should be taken into account when assessing visual
search in VSN.
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Introduction . .
to assess visual search performance are, therefore, highly

Visuospatial neglect (VSN) is a frequent post-stroke dis-
order in lateralized attention. Patients with VSN are
impaired in exploring and initiating actions directed
toward stimuli on the contralesional side, and favor
exploration of the ipsilesional side (Appelros et al., 2002;
Buxbaum et al., 2004; Gainotti et al., 1991; Heilman &
Abell, 1980). The lateralized attention bias is more com-
mon and more severe after a stroke in the right than in the
left hemisphere (Chen et al., 2015; Gainotti et al., 1972; Ten
Brink et al., 2017). While most recovery takes place within
3 months post-stroke onset, 40% of patients with VSN in
the subacute phase still shows VSN 1 year after post-stroke
onset (Nijboer et al., 2013).

Disrupted visual search is a common symptom in
VSN. Being able to perform complex daily activities
such as driving or spatial orientation is dependent on
the quality of visual search (Shinoda et al., 2001). Tasks

relevant. The severity of the lateralized attention bias in
visual search tasks can vary depending on the nature of
the used stimuli, such as the type (e.g., letters or sym-
bols), their configuration (e.g., structured or random),
and their saliency (Aglioti et al., 1997; Sarri et al., 2009;
Weintraub & Mesulam, 1988). An important feature is
the presence of distractors, which, especially at the ipsi-
lesional side, aggravates the spatial attention bias in
patients with VSN (Emerson et al,, 2019; Gainotti
et al., 2009; Harvey et al., 2002; Keller et al., 2015). The
more distractors are present, the slower the search and
the fewer targets are found (Eglin et al., 1989; Husain &
Kennard, 1997). However, it is often not considered that
targets themselves can impair performance, and the
number of targets could, therefore, influence search
performance in a similar or even more pronounced
way as distractors do. The aim of the current study
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was to systematically investigate the effect of the number
of targets on hit rate in patients with VSN.

Only relatively few studies have evaluated whether
and how the number of targets affect search perfor-
mance in VSN. In a case study of a patient with left-
sided VSN, presenting more targets led to a higher
absolute number of canceled targets, but a lower overall
percentage of canceled targets (Chatterjee et al., 1992b;
see also Kartsounis & Findley, 1994). The VSN was not
confined to a fixed proportion of external space, given
that a smaller area of the stimulus sheet was canceled
when more targets were presented (Chatterjee et al.,
1992b). These findings were not replicated by Husain
and Kennard (1997), in two patients with left-sided
VSN. Chatterjee et al. (1999) tested seven left-sided
VSN patients and found that these patients were more
likely to cancel targets on arrays with fewer targets,
regardless of their spatial location. A larger study in
which 39 left- and right-sided VSN patients had to
indicate whether there were more stimuli at the left or
right side, performance was worse with a higher number
of stimuli (Nijboer & Van der Stigchel, 2019). Two
studies showed that varying the density of the targets
(i.e., the space in between targets) while keeping the
total number of targets constant did not affect hit rate
in patients with VSN (Chatterjee et al., 1992a; Pia et al,,
2013). Overall, these results suggest that for visual
search tasks, a higher number of targets results in
a lower hit rate in patients with VSN, which cannot be
explained by target density.

The negative effect of a high number of targets on hit
rate in VSN could be explained by a combination of an
initial lateral bias, a directional bias in the competition for
selection, and disturbances of spatial working memory. In
general, attention is automatically guided to search targets
(Wolfe, 1994). Due to the initial lateral bias, attention will
predominantly be allocated toward targets at the ipsile-
sional side compared to targets at the contralesional side.
Moreover, there is a bias in competition such that ipsile-
sional items win over contralesional ones for selection
(Husain, 2019). This is similar to a disengaging deficit;
patients will have difficulties disengaging their attention
from these ipsilesional targets to engage the contralesional
targets (Losier & Klein, 2001; Morrow & Ratcliff, 1988;
Posner et al., 1982). Furthermore, a deficit in retaining
locations already searched could lead to reexamination of
the ipsilesional targets, as being searched for the first time,
and could cause patients with VSN to never find targets on
the contralesional side, even with unlimited viewing time
(Husain, 2019; Husain et al., 2001). Following this, increas-
ing the number of ipsilesional targets will disproportionally
affect the likelihood of finding contralesional targets, while
this effect is not expected the other way around.

We first studied the effect of the number of targets on
overall hit rate, while keeping the total number of sti-
muli (i.e., targets and distractors) constant. Second, we
assessed the effect of the number of targets on the like-
lihood of finding the most ipsilesional and contrale-
sional peripheral target (the reference target). We
expected to find a reduction of hit rate for the most
contralesional target when adding targets ipsilesional
from it.

The current task also allowed us to assess other
important attentional parameters that have been related
to VSN in previous studies on visual search. More
specifically, we assessed overall hit rate, search time,
search consistency (i.e., defined as searching consis-
tently from left to right, from top to bottom, or vice
versa), the number of immediate revisits, and the num-
ber of delayed revisits. Patients with right-brain damage
were expected to search in a less consistent manner
compared to patients with left-brain damage, with
least organized search in right-brain damage patients
with, compared to without VSN (Rabuffetti et al., 2012;
Ten Brink et al., 2016, 2016; Weintraub & Mesulam,
1988). Next, we assessed whether there was an initial
spatial bias toward the left or right, as reflected by the
starting point and search time for a single target (e.g.,
Butler et al., 2004; Jalas et al., 2002). Furthermore, we
evaluated the likelihood of finding targets with respect
to their horizontal position, while keeping the number
and location of targets and distractors constant. In
patients with VSN, we expected to find a decrease in
hit rate for targets that were located more toward the
ipsilesional than the contralesional side, both within the
ipsilesional and contralesional hemispace. Finally, we
studied the relation between performance on our visual
search task and conventional paper-and-pencil neurop-
sychological tasks for VSN (i.e., shape cancellation and
line bisection), and neglect behavior in daily life, as
observed with the Catherine Bergego Scale.

Materials and methods
Participants

Stroke patients were included from a patient population
admitted for inpatient rehabilitation to rehabilitation
center De Hoogstraat in Utrecht, between May 2019
and January 2020. All stroke patients were screened for
VSN as part of standard care, within 2 weeks after admis-
sion. The visual search task was part of this VSN screen-
ing. Inclusion criteria were clinical diagnosis of
symptomatic unilateral stroke (left or right ischemic,
intracerebral, or subarachnoid hemorrhagic lesion),
between 18 and 85 years of age, sufficient comprehension
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and communication to perform the tasks, available data
on the visual search task, and available data on at least two
tasks for VSN (i.e., shape cancellation task, line bisection
task, and/or Catherine Bergego Scale).

A subset of patients was recruited as part of an inter-
vention study that took place in rehabilitation centers
De Hoogstraat and De Parkgraaf in Utrecht (Elshout
et al., 2019). Additional inclusion criteria for the inter-
vention study were signs of VSN on at least one of the
VSN tasks (i.e., shape cancellation task, line bisection
task, and/or Catherine Bergego Scale), sufficient motiva-
tion to participate, and written informed consent.
Exclusion criteria were interfering disorders, expected
discharge <4 weeks, and mentally or physically unable
to participate. The neuropsychologist and rehabilitation
physician were consulted regarding these exclusion cri-
teria. For this subset of patients, we used data of the
visual search task and VSN tasks that were assessed at
baseline. The intervention study was approved by the
ethical committee of the University Medical Center
Utrecht (NL64626.041.18).

Data of all patients, either collected as part of the
VSN screening or as part of the baseline measurement
for the intervention study, were pooled. Groups were
created based on lesion side (i.e., left-brain damage
[LBD] or right-brain damage [RBD]) and the presence
(+) or absence (-) of VSN on two or more of three VSN
tasks (i.e., shape cancellation task, line bisection task,
and/or Catherine Bergego Scale; described below). In
total, 129 stroke patients were included, of whom 49 had
left-brain damage without VSN (LBD-), 2 had left-brain
damage with VSN (LBD+), 55 had right-brain damage
without VSN (RBD-), and 23 had right-brain damage
with VSN (RBD+). As the LBD+ group consisted of only
two patients, this group was excluded from analysis,
leaving 127 stroke patients.

Due to the nature of this research, participants of this
study did not agree for their data to be shared publicly,
so supporting data are not available.

Demographic and stroke-related characteristics

The following data were obtained on admission to the
rehabilitation center: age, sex, type of stroke (ie.,
ischemic, intracerebral hemorrhagic, or subarachnoid
hemorrhagic), lesioned hemisphere (i.e., left or right),
days post-stroke at the time of admission to rehabilita-
tion, level of independence during daily life activities as
measured with the Barthel Index (Collin et al., 1988),
strength in both upper and lower extremities as mea-
sured with the Motricity Index (Collin & Wade, 1990),
and global cognitive functioning as measured with the

Montreal Cognitive Assessment (Nasreddine et al,
2005).

Shape cancellation task

The computerized shape cancellation task consisted of
54 small targets (0.6° x 0.6°), 52 large distractors, and 23
words and letters (widths ranging from 0.95° to 2.1° and
heights ranging from 0.45° to 0.95°). The stimulus pre-
sentation was approximately 18.5° wide and 11° high.
Patients were seated 120 cm in front of a monitor and
used a computer mouse. They were instructed to click
all targets and tell the examiner when they had com-
pleted the task. No time limit was given. The absolute
difference in the number of omissions at the left versus
right side was computed (i.e., omission difference
score).

The threshold for VSN was based on the performance
of 28 healthy individuals. The average omission difference
score plus three standard deviations was 1.05, resulting in
a threshold of >2 for VSN (Van der Stoep et al., 2013).

Line bisection task

The line bisection task was based on the task of McIntosh
et al. (2005). We used 32 horizontal line stimuli (1 mm
thick, black), presented one by one on a white back-
ground. There were eight repetitions of four unique
lines, created by crossing two left endpoint positions
(—11.42° and -5.72° from the horizontal midline of the
screen) with two right endpoint positions (5.72° and
11.42° from the horizontal midline of the screen).
Patients were seated 30 cm from the monitor and asked
to indicate the midpoint of each line by a click with the
computer mouse. Per line type, we computed the average
deviation in mm from the actual midpoint.

The normal range of deviations was based on the
performance of 30 healthy individuals. The average
deviation per line plus two standard deviations was
-2.33 to 1.94 mm for line 1, —-3.21 to 2.74 mm for line
2, -3.61 t0 2.91 mm for line 3, and —4.29 to 2.77 mm for
line 4. A deviation above threshold (i.e., outside normal
range) on 2 lines was used as a threshold for VSN.

Catherine Bergego Scale

The Catherine Bergego Scale is an observation scale for
neglect in activities of daily living (Azouvi et al., 2003;
Ten Brink et al., 2013). It assesses performance in per-
sonal (body parts, body surface), peripersonal (within
reaching distance), and extrapersonal space (beyond
reaching distance), as well as in perceptual,
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representational, and motor domains. For 10 items,
presence and severity of neglect were scored by the
nurse, resulting in a total score of 0 (never/no neglect)
to 30 (always/severe neglect). Nurses were instructed to
only score behavior due to neglect and not due to other
deficits (e.g., motor and/or sensory deficits). A score of
=6 was used as a threshold for neglect (Ten Brink et al.,
2013).

Visual search task

The newly designed visual search task was performed
on an HP Envy laptop with a 13.3-inch (34.5 x -
19.5 cm) touch screen. The distance from patients to
screen was approximately 40 cm. Two grids of 3 x 3
dots of 2° appeared: one on the ipsilesional side and
one on the contralesional side with 5° in between
(Figure 1). Each column of three dots was separated
by 5° which resulted in target locations at 5°, 10°, and
15° from the center. The entire stimulus field was 30°
wide and 20° high. The dots were red, blue, or green,
and colors were distributed differently across grids
and trials. In the center of the screen, a red, blue, or
green filled rectangle (width 3° x height 1°) indicated
the target color. We changed the target color across
trials to reduce repetition of context and priming,
which could lead to improved performance (e.g., fas-
ter search) over trials (Saevarsson et al.,, 2008). In
addition, previous studies showed that adding
a cognitive operation to a task, even if it is minor
such as identifying a shape, will make the task more
sensitive to a bias in spatial attention (Bartolomeo,
1997; Blini et al., 2016; Bonato, 2015; Bonato et al.,

o ® o« o

Figure 1. Template of the visual search task. Patients were cued
with a color (i.e., the central rectangle) and instructed to tap all
dots of the same color, and not tap the other dots. Patients were
instructed to tap the central rectangle to indicate when they
were finished. There was no time limit.

2013; van Kessel et al., 2013). Patients were instructed
to tap all dots (in both grids) of the cued color, and
tap the central rectangle to indicate that they were
finished. A black square (2.5° x 2.5°) appeared and
stayed on any touched location on the screen, regard-
less of whether it was a target, distractor, or space in
between. There was no time limit. The x- and y-coor-
dinates of the touched locations and their time points
were recorded.

Conditions differed regarding the number and loca-
tion of targets. Per condition, at least three repetitions
were presented, in which the target row varied between
repetitions. Hereby, a potential effect of target row was
excluded, which was no factor of interest in the current
study. The task consisted of 18 conditions (54 trials in
total) for the first 60 patients; however, we reduced this to
12 conditions (36 trials in total) for the other 67 patients
to decrease task demand. For conditions with an equal
number of targets at the left and right stimulus field, the
three repetitions consisted either of three symmetrical
configurations; or one symmetrical configuration and
two nonsymmetrical configurations that were mirrored
versions of each other. For conditions with an unequal
number of targets at the left and right stimulus field, there
was always a mirrored version of the entire condition (i.e.,
mirrored versions of the three repetitions). In this way,
the configurations were balanced for the left and right
side. Between the two task versions, there were 10 over-
lapping conditions, depicted in Figure 2. To answer spe-
cific research questions, per analysis a different selection
of these conditions was used. We did not compare all
possible factors (i.e., number of targets, side of targets,
target column) in one model as not all possible combina-
tions of these factors were reflected in the different con-
ditions. The number of trials had to be kept low due to
limited testability of patients.

Statistical analyses

As several assumptions for parametric testing were vio-
lated, we used non-parametric tests for all analyses. For
group comparisons, we used Kruskal-Wallis tests and,
in case of significant differences between groups, post-
hoc Mann-Whitney tests. For within-group compari-
sons, we conducted one or more Friedman Test for
each group. In case of significant differences between
conditions, we performed posthoc Wilcoxon signed-
rank tests. As the analyses could not be conducted in
one statistical model, the level of significance for the
main models was set at an alpha of 0.01 instead of 0.05
to reduce the probability of a Type I error. For all
posthoc comparisons, we used the Holm-Bonferroni
method to correct for multiple posthoc comparisons,
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Figure 2. Example trials for each of the 10 conditions that were part of the 36-trial and 54-trial tasks, which were used for the current
study. The targets are depicted in red, the distractors in gray. For each condition, there were three trials in which the target rows varied

between trials.

using an alpha of 0.05 (Holm, 1978). Effect sizes were
computed with the Pearson correlation coeflicient using
the following formula: r = Z/NN (Rosenthal, 1994). For
Chi-square tests, Cramer’s V was reported. Effect sizes
of >.10 were considered to reflect a small, >.30
a medium, and >.50 a large effect (Field, 2013).

Demographic and stroke-related characteristics
Demographic and stroke-related characteristics were
compared between groups (LBD-, RBD-, RBD+) using
Kruskal-Wallis tests and Chi-square tests.

Overall hit rate, search speed, search consistency, and
revisits

First, Kruskal-Wallis tests were performed to compare
groups regarding the percentage of hits (i.e., for ipsile-
sional and contralesional targets, and the asymmetry
between these percentages) and trial duration in sec-
onds (i.e., from the start of stimulus presentation until
participants tapped the central square to indicate the
end of the trial), averaged over all trials (either 36 or 54,
including all conditions). We also computed and
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compared the ‘center of cancellation’ by assigning dif-
ferent weights to tapped (i.e., canceled) targets based on
their location (Rorden & Karnath, 2010). The different
weights ranged from -1 (contralesional outer column),
—0.66 (contralesional middle column), —0.33 (contrale-
sional inner column), 0.33 (ipsilesional inner column),
0.66 (ipsilesional middle column), to 1 (ipsilesional
outer column). Thus, a positive center of cancellation
indicated more canceled targets toward the ipsilesional
side, a negative center of cancelation toward the con-
tralesional side, and a center of cancellation of zero
indicated no bias.

To measure search consistency, we computed best r.
Best r reflects how consistent (i.e., either from left to right,
from top to bottom, or vice versa) the search was per-
formed (Dalmaijer et al., 2014). For all conditions with
three targets or more, we calculated the Pearson correla-
tion coefficient (r) from the linear regression of the x- or
y-values of all tapped targets relative to the order in which
they were tapped. The highest absolute correlation of
these two (i.e., best ) was selected to represent the degree
to which calculations were pursued orthogonally. Best
r ranges from 0 (inconsistent search) to 1 (consistent
search). Best r was compared between groups using
Kruskal-Wallis tests.

Finally, for all conditions we computed the average
number of immediate revisits (i.e., targets that were
tapped repeatedly, without tapping another target in
between), and for all conditions with two targets or
more we computed the average number of delayed
revisits (i.e., targets that were tapped again, after tapping
at least one other target in between). We only included
tapped target stimuli (i.e., distractors that were tapped
repeatedly were not included in the number of revisits).
Groups were compared regarding immediate and
delayed revisits using Kruskal-Wallis tests.

Initial spatial bias

Then, we assessed whether there was an initial spatial
bias toward the left or right side of the search array, as
reflected by the starting point and the time needed to
find a single left or right target. As opposed to the other
analyses, performance was not assessed with respect to
the side of the brain damage (i.e., contralesional and
ipsilesional side), as the left and right side are not
comparable regarding the initial spatial bias. In neuro-
logically healthy individuals, a preference to start at the
left side is often reported (e.g., pseudoneglect).

First, the percentages of trials in which the starting
point (i.e., the first tapped target) was on the left side
were evaluated. We included all conditions with one or
more target(s) at each side and used Kruskal-Wallis tests
to compare groups regarding the percentage of trials in

which the starting point was on the left side. In addition
to this crude left/right comparison, we computed the
‘center of starting points’ by assigning different weights
to tapped (i.e., canceled) first targets based on their
location in a similar way as for the center of cancellation
(Bonato et al., 2012). The only difference with the
weights used for the center of cancellation was that
they were computed with respect to the left and right
side (e.g., assigning —1 for a target in the most leftward
column, and 1 for a target in the most rightward col-
umn), instead of the contralesional and ipsilesional side.
Kruskal-Wallis tests were used to compare groups
regarding the center of starting points.

Second, the time that was needed to find either
a single target at the left side, or a single target at the
right side was computed and compared between groups
using Kruskal-Wallis tests. The dependent variable was
the time needed to find the target. We included the
condition with a single target on the left side, and the
condition with a single target on the right side.

Effect of target column on hit rate

Next, hit rate as a function of target column was assessed.
The condition in which all columns contained one target
(i.e., three targets ipsilesional and three targets contrale-
sional) was included. We performed a Friedman Test for
each group (LBD-, RBD-, RBD+) and side (ipsilesional,
contralesional), with target column (1, 2, 3; from most
ipsilesional to most contralesional) as within subjects’ fac-
tor. The dependent variable was the percentage of hits. We
expected to find an effect for patients with VSN, with least
targets found in columns that were located more toward
the contralesional side compared to the ipsilesional side.

Effect of number of targets on overall hit rate

To address our main question, the effect of number of
targets on overall hit rate was assessed, without dissociat-
ing between the ipsilesional and contralesional side. All
conditions with more than one target that were part of
both the 36- and 54-trial versions of the task were
included, which were conditions with two, three, four,
and six targets in total (Figure 2). No dissociation was
made between the two conditions with six targets in total.
For each group (LBD-, RBD-, RBD+), a Friedman Test
with the total number of targets (2, 3, 4, and 6) as within-
subjects’ factor was performed. The dependent variable
was the overall percentage of hits. We expected that
patients with VSN would obtain a lower hit rate when
more targets were present.

Effect of number of targets on hit rate of the most
peripheral target

As the hit rate and the effect of additional targets are
thought to be dependent on target column, the effect of
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the number of additional targets on the hit rate of a single
target in either the most ipsilesional or contralesional col-
umn was evaluated. Conditions with either no additional
targets, 1 additional target (located at the same side), two
additional targets (located at the opposite side), or five
additional targets (two located at the same side, three
located at the opposite side) were included (Figure 2). No
dissociation was made between the two conditions with
five additional targets. Note that for all conditions, there
were never additional targets in the same column as that of
our reference target, so that the additional targets were
always located either contralesional or ipsilesional from
the reference target. For each group (LBD-, RBD-, RBD+)
and side (most ipsilesional target, most contralesional tar-
get) a Friedman Test with the number of additional targets
(0, 1, 2, 5) as within-subjects’ factor was conducted. The
dependent variable was the percentage of hits for the refer-
ence target.

Relation with conventional neuropsychological VSN
tasks and neglect behavior in daily life

Finally, the relations between the overall performance on
the visual search task with performance on conventional
neuropsychological paper-and-pencil tasks for VSN, and
neglect behavior in daily life were evaluated. Spearman
correlations between the asymmetry in percentage of hits
and the omission difference score on the shape cancellation
task, the average deviation on the line bisection task, and
the Catherine Bergego Scale total score were computed,
including all patients with available data on the given task.
Spearman’s rho was interpreted as small (>.1), moderate
(>.3), large (>.5), or very large (>.7) (Dancey & Reidy,

2004).
Results

Demographic and stroke-related characteristics

Demographic and stroke-related characteristics, and scores
on the VSN tasks are depicted in Table 1, split per group.

Groups did not differ regarding age, sex, stroke type, level
of independence during daily life activities (Barthel Index),
and strength in both upper and lower extremities
(Motricity Index). Patients in the RBD+ group were
admitted to the rehabilitation center later post-stroke com-
pared to patients in the LBD- group, U= 224, r=-0.48, and
RBD-group, U = 413.5, r = —0.27. The LBD-group and
RBD-group did not significantly differ regarding the time
post-stroke, U = 1128, r = —0.14. Furthermore, patients in
the RBD+ group had lower global cognitive functioning
(Montreal Cognitive Assessment) than patients in the
RBD-group, U = 251, r = —0.40. The LBD-group did not
significantly differ from the RBD-group, U = 781.5,
r = =0.15, or the RBD+ group, U = 364.5, r = —0.19,
regarding global cognitive functioning. Finally, as expected
due to the group categorization, patients in the RBD+
group obtained higher scores on the neglect tasks than
patients in the LBD-group (shape cancellation: U = 96,
r = —0.75; line bisection: U = 85, r = —0.68; Catherine
Bergego Scale: U = 68, r = —0.63) and RBD-group (shape
cancellation: U = 125, r = —0.70; line bisection: U = 140,
r = —0.61; Catherine Bergego Scale: U = 133.5, r = —0.53),
who did not differ from each other (shape cancellation:
U = 1224, r = —0.09; line bisection: U = 1192, r = -0.08;
Catherine Bergego Scale: U = 854.5, r = 0).

Overall hit rate, search speed, search consistency,
and revisits

In Table 2, the percentage of hits (i.e., ipsilesional, con-
tralesional, and asymmetry), center of cancellation, trial
duration, search consistency (best r), number of
immediate revisits, and number of delayed revisits are
depicted.

Compared to patients in the LBD- and RBD-groups,
patients in the RBD+ group missed more targets at their
ipsilesional side (LBD-: U = 308, r = —0.40; RBD-:

Table 1. Demographic and stroke-related characteristics, median (interquartile range) or percentage, split for 49 patients with left-
brain damage without visuospatial neglect (LBD-), 55 right-brain damage without visuospatial neglect (RBD-), and 23 right-brain

damage with visuospatial neglect (RBD+).*

N LBD- N RBD- N RBD+ Kruskal-Wallis Test or Chi-square test

Age, in years 49 60 (17) 55 60 (15) 23 60 (15) XA(2) = 0.16, p =922, r = —0.13
Sex, % male 49 69.4% 55 67.3% 23 60.9% XX(2) = 052, p =772, V = 0.06
Time post-stroke, in days 49 19 (10 55 23 (36)° 23 46 (43)"? XX(2) = 14.73, p <.001, r = 0.31*
Stroke type 46 52 20 x2(4) =3.90, p =420,V =0.13

- % Ischemic 69.6% 80.8% 75.0%

- % Intracerebral hemorrhage 26.1% 17.3% 15.0%

- % Subarachnoid hemorrhage 4.3% 1.9% 10.0%

Barthel Index (0-20) 48 13 (8) 47 13 (10) 20 11 (10) X(2) = 232, p =313, r = 0.05
Motricity Index, upper (0-100) 47 91 (49) 48 76 (46) 20 55.5 (92) x’(2) = 5.05, p =.080, r = 0.13
Motricity Index, lower (0-100) 47 83 (24) 48 83 (29) 20 83 (65) X(2) = 0.77, p =.681, r = —0.04
Montreal Cognitive Assessment (0-30) 42 21 (10) 46 23 (5)° 23 20 (8)° X*(2) = 11.24, p =.004, r = 0.25*
Shape cancellation, omission difference (0-27) 48 0 (0)® 55 0 (0)® 23 4(12)'2 X(2) = 54.36, p <.001, r = 0.31%
Line bisection, deviation in mm 49 1.19(1.03° 54 152(1.94° 23  513(16.64)"? XX(2) = 37.41, p <.001, r = 0.31*
Catherine Bergego Scale (0-30) 39 1227 44 1(28)° 21 13 (9.6)"? XX(2) = 31.18, p <.001, r = 0.34 *

* Groups differ significantly as tested with Kruskal-Wallis Tests and Chi-square tests (alpha = 0.01). Group differs from 'LBD-, 2RBD-, >RBD+ based on post-hoc
Mann-Whitney tests (alpha = 0.05, corrected for multiple comparisons using the Holm-Bonferroni method).



JOURNAL OF CLINICAL AND EXPERIMENTAL NEUROPSYCHOLOGY 1017

U = 381, r = —0.34), their contralesional side (LBD-:
U=381,r=-0.71; RBD-: U = 138.5, r = —0.63), obtained
a larger asymmetry score (LBD-: U = 114, r = —0.66;
RBD-: U = 156.5, r = —0.60), and a larger center of
cancellation (LBD-: U = 75, r = —0.71; RBD-: U = 120,
r=—0.65; Table 2 and Figure 3). There was no difference
between patients in the LBD- and RBD-groups regard-
ing the percentage of hits at the ipsilesional side,
U = 1312, r = —-0.03, contralesional side, U = 1261.5,
r = —0.06, asymmetry score, U = 1328.5, r = —0.01, or
center of cancellation, U = 1251, r = —0.07.

The groups did not differ regarding average trial
duration or search consistency (best r). Finally, there
was no significant difference in the number of immedi-
ate revisits between groups, whereas patients in the RBD
+ group made more delayed revisits than patients in the
LBD-group, U = 391.5, r = —-0.34, and RBD-group,
U = 432, r = —0.36. There was no difference in the
number of delayed revisits between the LBD- and RBD-
groups, U = 1330.5, r = —0.02.

Initial spatial bias

The initial spatial bias was evaluated with respect to the
left or right side of the stimulus field. There was
a difference regarding the starting point between the
three groups. Results were similar for the two different
outcome measures; the percentage of trials in which the
starting point was on the left side and the center of
starting points (Table 2). The LBD-group started more
often at their left side than the RBD-group (starting
point % left: U= 652, r = —0.44; center of starting points:
U = 640, r = —0.45) and the RBD+ group (starting point
% left: U = 126, r = —0.62; center of starting points:
U = 120.5, r = —0.63). The RBD-group started more

often at their left side than the RBD+ group (starting
point % left: U= 382, r = —0.31; center of starting points:
U = 378.5, r = —0.32). There was no difference between
groups in search time for a single left versus single right
target (Table 2 and Figure 4).

Effect of target column on hit rate

The hit rates for eachtarget per column are depicted in
Figure 5. For patients in the LBD-group, the hit rate did
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Figure 3. Boxplots depicting the percentage of hits for targets at
the ipsilesional (ipsi) and contralesional side (contra), averaged
over all conditions. The thick line in the middle is the median.
The top and bottom box lines show the first and third quartiles.
The whiskers show the maximum and minimum values, with the
exceptions of outliers. Individual scores are depicted by gray
circles. Data is split for patients with left-brain damage without
visuospatial neglect (LBD-), right-brain damage without visuos-
patial neglect (RBD-), and right-brain damage with visuospatial
neglect (RBD+).

Table 2. Overall hit rate, search speed (i.e., trial duration), search consistency (i.e., best r), revisits (i.e., immediate and delayed), and
initial spatial bias (i.e., starting point, center of starting points, search time for a single left and right target) at the visual search task.
Medians (interquartile range) split for 49 patients with left-brain damage without visuospatial neglect (LBD-), 55 right-brain damage
without visuospatial neglect (RBD-), and 23 right-brain damage with visuospatial neglect (RBD+).

LBD- (N = 49) RBD- (N = 55) RBD+ (N = 23) Kruskal-Wallis Test
% Hits, ipsilesional 100 (1.67)° 100 (1.74) 3 98.33 (5.56)" X°(2) = 12.79, p =.002, r = 0.26*
% Hits, contralesional 100 (2.47)° 100 (3.33) 88.06 (22.22)'? X2(2) = 41.05, p <.001, r = 0.31*
% Hits, asymmetry 0(1.11)3 0 (1.04)® 10.83 (19.48)'? X(2) = 35.93, p <.001, r = 0.31*
Center of cancellation, contra (—1) to ipsi (1) 0(0.02)° 0(0.02)° 0.18 (0.35)"? X(2) = 42.60, p <.001, r = 0.31*
Trial duration, in seconds® 6.44 (2.29) 5.82 (2.65) 6.51 (5.77) X2(2) = 3.99, p =136, r = 0.10
Best r (0-1) 0.95 (0.08) 0.94 (0.05) 0.92 (0.07) X(2) = 6.13, p =.047, r = 0.15
Immediate revisits 0.17 (0.51) 0.06 (0.28) 0.08 (0.69) X(2) = 2.51, p =.285, r = 0.05
Delayed revisits 0 (0)® 0 (0)® 0(0.07)"? X(2) = 13.02, p =.001, r = 0.31*
Starting point, % left 85.71 (25.00)3 50.00 (9.52)"? 9.52 (58.33)'2 X(2) = 37.23, p <.001, r = 0.31*
Center of starting points, left (—1) to right (1) -0.39 (0.32)%° 0.01 (0.71)"? 0.39 (0.53)"? X(2) = 38.28, p <.001, r = 0.31*
Search time single left target, in seconds® 2.24 (0.95) 2.45 (1.11) 2.99 (2.46) X2(2) = 7.56, p =.023,r = 0.18
Search time single right target, in seconds® 2.68 (1.05) 2.38 (1.00) 2.98 (1.82) x2(2) =450, p =.105,r=0.11

* Groups differ significantly as tested with Kruskal-Wallis tests (alpha = 0.01). Group differs from 'LBD-, 2RBD-, *RBD+ based on post-hoc Mann-Whitney tests
(alpha = 0.05, corrected for multiple comparisons using the Holm-Bonferroni method).
*We had information on trial duration for 48 LBD- patients, 53 RBD- patients, and 14 RBD+ patients.
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Figure 4. Boxplots depicting the search time in seconds to find
a single left or right target. The thick line in the middle is the
median. The top and bottom box lines show the first and third
quartiles. The whiskers show the maximum and minimum
values, with the exceptions of outliers, which are depicted by
black dots. Data is split for patients with left-brain damage
without visuospatial neglect (LBD-), right-brain damage without
visuospatial neglect (RBD-), and right-brain damage with visuos-
patial neglect (RBD+). Only patients who had found this target
at least once for each side, and for whom data on timing was
present, were included. This was the case for 48 LBD- patients,
53 RBD- patients, and 14 RBD+ patients. The figure on the right
shows a representation of example conditions of trials that were
included for the analysis. The targets are depicted in red, the
distractors in gray.

not differ between targets in different columns at the
ipsilesional side, x*(2) = 2.00, p =.368, r = 0.05, or at the
contralesional side, x2(2) =2.80, p = .247, r = 0.10.
Similarly, in the RBD-group, no difference in hit rate
was seen between targets in different columns at the
ipsilesional side, X2(2) =3.50, p = .174, r = 0.13, or at
the contralesional side, X2(2) =0, p=1.00, r = -0.54.
For patients in the RBD+ group, there was no differ-
ence in hit rate for targets in different columns at the
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ipsilesional side, x*(2) = 8.00, p = .018, r = 0.61. The hit
rate differed between targets in different columns at the
contralesional side, X2(2) =21.78, p < .001, r = 0.73. The
hit rate was lower for targets in column 3 versus column
2, Z =-313, p = .002, r = —0.65, and for targets in
column 3 versus column 1, Z = -3.21, p = .001,
r=—-0.67, both large effect sizes. There was no difference
in hit rate between targets in column 1 versus column 2,
Z=-141,p=.157,r=-0.29.

Effect of number of targets on overall hit rate

To test our main hypothesis that patients in the RBD+
group would find a lower percentage of targets when
more targets were present, we evaluated the effect of
number of targets on overall hit rate without dissociat-
ing between the ipsilesional and contralesional side.
Figure 6 shows the overall percentage of hits per total
number of targets, split per group.

In the LBD-group, there was no effect of the number
of targets on overall hit rate, x°(2) = 7.29, p = .063,
r=0.22.

In the RBD-group, there was no effect of number of
targets on overall hit rate, X*(2) = 10.44, p = .015,
r=10.29.

In the RBD+ group, the overall hit rate was affected
by the number of targets, x*(2) = 11.93, p = .008,
r = 0.50. There was a significant lower hit rate in con-
ditions with six versus three targets, Z = —2.74, p = .006,
r=-0.57, with a large effect size. The overall hit rate did
not differ for conditions with two versus three targets,
Z =-0.74, p = 462, r = —0.15, two versus four targets,
Z = -1.03, p = .305, r = —-0.21, two versus six targets,
Z =-243, p =.015, r = -0.51, three versus four targets,

Target column
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Figure 5. Boxplots depicting the median percentage of hits for the condition with one target per column. Hit percentage is presented
for targets at the ipsilesional (Ipsi) and contralesional side (Contra), split per column. Columns 1, 2, and 3 refer to columns at the most
ipsilesional side to the most contralesional side. The thick line in the middle is the median. The top and bottom box lines show the first
and third quartiles. The whiskers show the maximum and minimum values, with the exceptions of outliers. Individual scores are
depicted by gray circles. Data is split for patients with left-brain damage without visuospatial neglect (LBD-), right-brain damage
without visuospatial neglect (RBD-), and right-brain damage with visuospatial neglect (RBD+). The figure on the right shows
a representation of example conditions of trials that were included for the analysis. The targets are depicted in red, the distractors

in gray.
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Figure 6. The percentage of hits for conditions with 2, 3, 4 or 6 targets. The thick line in the middle is the median. The top and bottom
box lines show the first and third quartiles. The whiskers show the maximum and minimum values, with the exceptions of outliers.
Individual scores are depicted by gray circles. Data is split for patients with left-brain damage without visuospatial neglect (LBD-),
right-brain damage without visuospatial neglect (RBD-), and right-brain damage with visuospatial neglect (RBD+). The figure on the
right shows a representation of example conditions of trials that were included for the analysis. The targets are depicted in red, the

distractors in gray.

Z=-1.27,p=.204, r = -0.26, and four versus six targets,
Z=-0.89,p=.372,r=-0.19.

Effect of number of targets on hit rate of the most
peripheral target

Here, we present results on the effect of number of
targets on hit rate of the most peripheral (ipsilesional
or contralesional) target. The hit rates for the most
ipsilesional and contralesional target per group are
depicted in Figure 7.

In the LBD-group, there was no effect of number of
targets on the hit rate for the most ipsilesional target, x°
(2) =4.09, p = .252, r = 0.10, or the most contralesional
target, x°(2) = 3.60, p = .308, r = 0.07.

In the RBD-group, there was no effect of number of
targets on the hit rate for the most ipsilesional target, x*
(2) = 6.85, p = .077, r = 0.19. There was an effect of
number of targets on the hit rate for the most contrale-
sional target, X2(2) = 14.45, p = .002, r = 0.39. Post-hoc
tests comparing all possible pairs of conditions showed
that the hit rate for the most contralesional target was
lower when there were two extra targets versus no extra
targets, Z = —-2.83, p = .005, r = —0.38, or five extra
targets versus no extra targets, Z = —3.10, p = .002,
r = —0.42, both medium effect sizes. There was no
difference in the hit rate for the most contralesional
target between conditions with no versus one extra
target, Z = —-2.24, p = .025, r = —-0.30, one versus two
extra targets, Z = —1.00, p = .317, r = —0.13, one versus
five extra targets, Z = —0.74, p = .459, r = —0.10, and two
versus five extra targets, Z = —0.32, p = .753, r = -0.04.

In the RBD+ group, there was no effect of number of
targets on the hit rate for the most ipsilesional target, x°
(2) = 041, p = .938, r = —0.32. There was an effect of

number of targets on the hit rate for the most contrale-
sional target, x*(2) = 24.13, p < .001, r = 0.73. Post-hoc
tests comparing all possible pairs of conditions showed
that the hit rate for the most contralesional target was
lower when there were five versus no extra targets,
Z = =337, p = .001, r = —0.70, and when there were
five versus two extra targets, Z = —2.84, p = .004,
r = —0.59, both large effects. There was no difference
in the hit rate for the most contralesional target between
conditions with no versus one extra target, Z = —1.63,
p = .104, r = -0.34, no versus two extra targets,
Z = -1.07, p = .286, r = —0.22, one versus two extra
targets, Z = —1.51, p = .132, r = —0.31, and one versus
five extra targets, Z = 1.74, p = .082, r = —0.36.

These results suggest that additional targets reduce
the hit rate of the most contralesional target in patients
with right-brain damage, with or without VSN, whereas
this is not the case for patients with left-brain damage.

Relation with conventional neuropsychological VSN
tasks and neglect behavior in daily life

Finally, we assessed the relation between our visual
search task and conventional VSN tasks, and neglect
behavior in daily life. There were moderate positive
relations between the asymmetry in percentage of hits
and the omission difference score at the shape cancella-
tion task, r = .45, p < .001, the deviation at the line
bisection task, r = .45, p < .001, and the total score of
the Catherine Bergego Scale, r = .42, p < .001.

Discussion

The aim of this study was to investigate whether the
number of targets affect visual search in patients with
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Figure 7. The percentage of hits for conditions with one target in the most peripheral column, and 0, 1, 2, or 5 additional targets in the
other columns. Hit percentage is presented for the reference target in the most ipsilesional and most contralesional column, split per
number of additional targets (0, 1, 2, or 5). The thick line in the middle is the median. The top and bottom box lines show the first and
third quartiles. The whiskers show the maximum and minimum values, with the exceptions of outliers. Individual scores are depicted
by gray circles. Data is split for patients with left-brain damage without visuospatial neglect (LBD-), right-brain damage without
visuospatial neglect (RBD-), and right-brain damage with visuospatial neglect (RBD+). The figure on the right shows a representation
of example conditions of trials that were included for the analysis. The reference target is depicted in dark red, the additional targets in
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VSN. In our experiment, we administered a visual
search task in which the locations and number of targets
varied from trial to trial.

Our main hypothesis was that patients with VSN
would find a lower percentage of targets when more
targets were present, in contrast to patients without
VSN. Adding targets indeed decreased hit rate in
patients with VSN, with large effects on the overall hit
rate and the most contralesional target, but no effect on
the most ipsilesional target. In other words, the like-
lihood of finding the most contralesional target was
reduced by the presence and number of additional tar-
gets located ipsilesional relative to that target. For
patients with right-brain damage without VSN, the pre-
sence of additional targets also negatively affected hit
rate for the most contralesional target, which was
a medium effect. This was not seen for the overall hit
rate or the most ipsilesional target. Possibly, this is due
to a general spatial working memory deficit due to right
hemispherical damage (Chechlacz et al., 2014; Malhotra
et al., 2005), and a small leftward attention bias for some
patients who had right-brain damage but did not meet
the threshold to be classified as having VSN.

The effect of additional targets on hit rate, especially
on hit rate for the most contralesional target, can be
explained by an attentional competition between targets
in which ipsilesional items win over contralesional ones.
This includes visual extinction, in which patients fail to
be aware of a contralesional target when there is
a simultaneous competing ipsilesional target is pre-
sented, and/or a disengaging deficit in which patients
have difficulties disengaging their attention from addi-
tional ipsilesional targets to engage the most contrale-
sional target (Husain, 2019; Losier & Klein, 2001;
Morrow & Ratcliff, 1988; Posner et al., 1982).

There were two crucial differences between our study
and previous case studies (Chatterjee et al., 1992a,
1992b; Husain & Kennard, 1997; Kartsounis &
Findley, 1994), and the study with seven patients
(Chatterjee et al., 1999) in which the effect of number
of target on search performance in VSN was evaluated.
First, in previous studies, the number of targets was
always equally distributed across the search array. In
the current study, we specifically assessed the effect of
adding targets at the ipsilesional or contralesional side
on hit rate for either the most peripheral contralesional
or the most peripheral ipsilesional target. This allowed
us to show that the negative effect of adding targets on
hit rate was largest for the most contralesional target in
patients with right-brain damage. Second, in contrast
with previous studies, we kept the total number of
stimuli constant. Thus, in conditions with less targets,
there were automatically more distractors. By keeping

the number of stimuli consistent across conditions, we
could specifically investigate the effect of additional
targets on top of any effect of distractors. Therefore, we
can conclude that adding targets to a search array will
have a larger negative effect on search performance in
VSN than adding the same number of distractors would
have.

We also evaluated other attention-related parameters
that have previously been associated with VSN. First, we
verified whether the likelihood of finding targets would
reduce as a function of horizontal position, while keep-
ing the number of targets constant. As expected,
patients with VSN missed more targets at their contrale-
sional side than at their ipsilesional side, in contrast to
the groups without VSN. More specifically, in patients
with VSN, targets that were located in the most con-
tralesional column were found less often than targets
that were located in other columns. Even though com-
parisons between other columns were not statistically
significant, there was a pattern for a reduced likelihood
of finding targets in columns that were located more
toward the contralesional side, both within the ipsile-
sional and contralesional hemifield. There are several
explanations for this outcome which is typically seen in
patients with VSN. First, it can be explained by
a gradient in spatial attention in patients with VSN.
According to the orientational bias model of attention
of Kinsbourne (1987), VSN is a directional, not
a hemispace, phenomenon. The attentional bias in left-
sided VSN is not only confined to the side of stimulation
(i.e., the left or right hemispace), but is confounded with
the relative location of the stimuli (i.e., one being to the
right or left of the other). In visual search tasks, there is
ample evidence for Kinsbourne’s hypothesis of VSN as
a directional bias. In left-sided VSN patients, the atten-
tional deficit typically follows a left-right gradient, with
a gradual increase of detected targets and/or detection
speed of targets from left to right across the stimulus
page (Butler et al., 2004; De Renzi et al., 1989; Halligan
et al., 1992; Hildebrandt et al., 1999; Mark & Heilman,
1997; Marshall & Halligan, 1989; Small et al., 1994).
Second, it could be explained by object-based neglect
for the two separate grids. There is a distinction between
spatial-based neglect (i.e., a bias with respect to the
body, egocentric) and object-based neglect (i.e., a bias
with respect to an object or area, allocentric). These
forms of neglect can vary between patients (Mizuno
et al., 2016; Ota et al,, 2001), but also within patients
depending on task demands, stimulus characteristics
(such as the width of the stimulus field), and task
instructions regarding on which area to focus
(Behrmann & Tipper, 1999; Karnath & Niemeier,
2002). In our search task, we presented the stimuli in
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two grids, with space in between grids. This could have
affected performance, as these grids could have been
perceived as two ‘objects,” resulting in VSN for the
contralesional side of each object, in combination with
the overall ipsilesional bias with respect to the body
midline. Third, eye movement studies showed that,
although there is a positive relation between the hori-
zontal location and fixation frequency, the left-right
gradient would predict a peak of maximum fixations
on the extreme right, which is not always observed in
patients with VSN (Behrmann et al., 1997; Karnath
et al., 1998; Sprenger et al., 2002). Instead, this lack of
a peak of maximum fixations on the extreme right could
indicate that the midsagittal plane of the patient is
shifted toward the ipsilesional side, with a symmetrical
distribution of eye movements around this shifted
point. An ipsilesional shift of the attention peak could
also explain our observed pattern of a lower hit rate for
more contralesional targets in patients with VSN. It is
likely that different mechanisms are at play across
patients, and that even within one patient multiple
mechanisms play a role.

There were no differences between groups regarding
overall search time, even though patients with VSN
found less targets than patients without VSN.
Surprisingly, there was no difference in search consis-
tency between patients with left- and right-brain
damage with or without VSN, even though this has
been reported in previous studies (Rabuffetti et al.,
2012; Ten Brink et al, 2016, 2016; Weintraub &
Mesulam, 1988). This inconsistency can be explained
by the low number of targets in the present study, which
might be less sensitive to capture subtle alterations in
search organization (i.e., there might have been a ceiling
effect). Finally, there was no difference between groups
regarding the number of immediate revisits, whereas
patients with VSN made more delayed revisits than
patients without VSN. Revisiting targets can be
explained by deficits in spatial working memory, often
associated with VSN (Kaufmann et al., 2020; Mannan
et al., 2005; Saj et al., 2020; Wansard et al., 2014).

When at least one target was presented at each side,
most patients with left-sided brain damage without VSN
tapped a left target first. Of the right-brain damage
patients, half of patients without VSN and most patients
with VSN started with a right target. Thus, both lesion
side and having VSN or not affect the initial attention
bias, with a leftward bias for patients with left-sided
brain damage without VSN, no bias for patients with
right-sided brain damage without VSN, and a rightward
bias for patients with right-sided brain damage and
VSN. Neurologically healthy participants tend to exhibit
a (small) initial spatial bias toward the left side. In eye-

tracking studies on free viewing of images and face
perception there usually is an initial leftward bias in
exploration (e.g., Butler & Harvey, 2005; Mertens
et al, 1993; Ossandon et al, 2014; Walshe &
Nuthmann, 2014). In addition, when asked to bisect
the middle of a line, healthy participants make small
leftward errors (i.e., pseudoneglect; Bowers & Heilman,
1980; Jewell & McCourt, 2000) or perceive the mark in
a pre-bisected line shifted toward the right side, consis-
tent with an overestimation of the left-sided line seg-
ment (Toba et al., 2011). The cause of this leftward bias
remains unresolved but could be due to hemispheric
asymmetries in visuospatial attention (Bowers &
Heilman, 1980; Jewell & McCourt, 2000). An alternative
explanation is that the leftward bias is due to reading
direction habits (Afsari et al., 2016; Chokron & Imbert,
1993). As we did not assess the initial spatial bias in
a group of neurologically healthy controls, we cannot
conclude whether the initial bias shifted toward the left
in patients with left-sided brain damage and toward the
right in patients with right-sided brain damage, or
whether a shift was present for one of the groups only.
Nevertheless, it can be concluded that having VSN after
right-brain damage leads to a shift in initial spatial bias
toward the right side of the stimulus array compared to
patients without VSN. Against our expectations, there
was no difference in search speed for a single left or
single right target between any of the groups. Possibly,
other factors such as motor deficits might have over-
shadowed subtle effects of attention bias in search speed.

Finally, when assessing the relation between perfor-
mance at our visual search task and conventional neu-
ropsychological paper-and-pencil tasks for VSN,
moderate positive relations were observed between the
asymmetry in percentage of hits at our search task and
performance on the shape cancellation task and line
bisection task. Similarly, a moderate positive relation
was seen between the asymmetry in percentage of hits
and neglect behavior in daily life, as measured with the
Catherine Bergego Scale. These positive relationships
show that our visual search task measures a similar
construct as the shape cancellation and line bisection
task, and that impairments on the visual search task are
related to neglect behavior in daily life situations.
However, assessing these relationships is only partly
informative. Conventional paper-and-pencil tasks,
including the shape cancellation and line bisection
tasks, lack sensitivity in the diagnosis of VSN (Azouvi,
2017). Paper-and-pencil tasks are static (i.e., stimuli are
not moving and there is unlimited time) and only one
cognitive operation has to be performed at once. In
dynamic, daily life situations, stimuli have to be detected
within a moving environment in which one is also
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moving, there is little time to attend to objects, and often
multiple operations have to be performed simulta-
neously (e.g., walking, chatting, and looking). An obser-
vation scale, such as the Catherine Bergego Scale,
overcomes these problems, but has the disadvantage of
being assessed in an unstandardized environment and
is, therefore, less comparable between patients. Other
solutions are to administer tasks with a time limit, brief
stimulus presentations, or moving stimuli; or tasks in
which two cognitive operations have to be performed at
the same time. Such tasks are usually more sensitive to
a lateralized attention bias compared to classic paper-
and-pencil tasks, especially in the chronic phase post-
stroke (e.g., Bonato et al., 2010; Marshall et al., 1997;
Rengachary et al., 2009; Russell et al., 2004; Van der
Stigchel & Nijboer, 2017; van Kessel et al, 2013).
Nevertheless, in the current visual search task, several
omissions were made despite the absence of a time limit,
which can be considered a strength. It is generally
accepted that for a diagnosis of VSN, a combination of
tasks (preferably static and dynamic) should be admi-
nistered (Spreijj et al., 2020).

The visual search task that was used in the current
study showed that increasing the number of targets
negatively affects hit rate in patients with VSN. This
finding is clinically relevant as in daily life situations,
several salient objects or stimuli will compete for atten-
tion. Therefore, when assessing problems in spatial
attention, it is essential to present multiple targets to
resemble such situations, as we know now that it can
negatively affect performance.

Limitations

In the current study, no data on visual field deficits, such
as hemianopia, were present, and effects of hemianopia
on our visual search task could not be evaluated.
However, hemianopia is not specifically related to one
of the hemispheres so it would have affected all groups,
nor is it thought to affect the tests for VSN that were
used to compose groups. In addition, visual search typi-
cally adapts fast after a visual field defect, within a few
minutes after onset of simulated hemianopia, which
likely parallels actual hemianopia (Simpson et al,
2011). The patients in this study were tested several
weeks after stroke onset, making it likely that their
visual search strategy was already adapted to any visual
field defects.

Another limitation of the current study is that we
were not able to reliably monitor eye movements. We
tried to measure eye movements, however, the reaching
movements toward the screen interfered too much with
the eye-tracking recordings in order to collect reliable

data. Measuring eye movements could provide more
insight in the search strategy. For example, it could be
determined how many fixations and saccades were
made within the ipsilesional or contralesional side,
whether missed targets were fixated or not, and whether
locations were fixated repeatedly (i.e., which might be
a more sensitive measure of working memory deficits
than the number of immediate and delayed revisits)
(Cox & Aimola Davies, 2020).

Finally, apart from lesion side, no information on
specific lesion location was available. Different brain
areas have been associated with impairments on differ-
ent tests and subcomponents of VSN. For example,
different brain regions have been associated with object
finding (i.e., visual search) versus object perception (i.e.,
line bisection) (e.g., Binder et al, 1992; Karnath &
Rorden, 2012; Molenberghs et al., 2012). Most likely,
our sample of VSN patients consisted of
a heterogeneous population with different lesion loca-
tions, as we selected patients based on impairment on
cancellation, line bisection, and/or neglect behavior in
daily life as measured with the Catherine Bergego Scale.
Future studies could assess different profiles of search
behavior related to specific lesion sites.

Conclusion

To conclude, in patients with right-brain damage, add-
ing targets to the stimulus field reduced the likelihood of
finding the most contralesional target, whereas this was
not the case for the most ipsilesional target nor for
patients with leftbrain damage. In patients with VSN,
this effect was even larger and was also reflected in the
overall hit rate, which was not seen in patients without
VSN. These results provide insight in circumstances
under which visual search in VSN is impaired, showing
that a higher number of targets will reduce the like-
lihood of finding contralesional targets in VSN. The
impairments evoked by additional targets should be
taken into account in visual search tasks in VSN to
make them more sensitive, which is highly important
for clinical assessment and research purposes.
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