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Abstract

Objective: Patients with unilateral stroke commonly show hemispatial neglect or milder contralesional visuoattentive
deficits, but spatially non-lateralized visuoattentive deficits have also been reported. The aim of the present study was to
compare spatially lateralized (i.e., contralesional) and non-lateralized (i.e., general) visuoattentive deficits in left and
right hemisphere stroke patients. Method: Participants included 40 patients with chronic unilateral stroke in either the
left hemisphere (LH group, n =20) or the right hemisphere (RH group, n =20) and 20 healthy controls. To assess the
contralesional deficits, we used a traditional paper-and-pencil cancellation task (the Bells Test) and a Lateralized Targets
Computer Task. To assess the non-lateralized deficits, we developed a novel large-screen (173 X 277 cm) computer
method, the Ball Rain task, with moving visual stimuli and fast-paced requirements for selective attention. Results:
There were no contralesional visuoattentive deficits according to the cancellation task. However, in the Lateralized
Targets Computer Task, RH patients missed significantly more left-sided than right-sided targets in bilateral trials.

This omission distribution differed significantly from those of the controls and LH patients. In the assessment of non-
lateralized attention, RH and LH patients missed significantly more Ball Rain targets than controls in both the left and
right hemifields. Conclusions: Computer-based assessment sensitively reveals various aspects of visuoattentive deficits
in unilateral stroke. Patients with either right or left hemisphere stroke demonstrate non-lateralized visual inattention.

In right hemisphere stroke, these symptoms can be accompanied by subtle contralesional visuoattentive deficits that

have remained unnoticed in cancellation task.
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Patients with unilateral brain damage typically show contrale-
sional deficits in attention, the extreme form of which is
hemispatial neglect (Halligan, Cockburn, & Wilson, 1991;
Heilman, Valenstein, & Watson, 2000). Interestingly, this
spatially lateralized syndrome has sometimes been associated
with non-lateralized (i.e., general) deficits in selective or
sustained attention (Bartolomeo & Chokron, 2002; Husain
& Rorden, 2003; Robertson, 2001; Robertson et al., 1994).
Neglect in patients with right hemisphere stroke has
been, for instance, correlated with a decline in performance
in sustained attention tasks (Robertson et al., 1997).
Correspondingly, neglect is temporarily alleviated when
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alertness increases (George, Mercer, Walker, & Manly,
2008; Malhotra, Parton, Greenwood, & Husain, 2006;
Mukand et al., 2001; Robertson, Mattingley, Rorden, &
Driver, 1998).

Patients with neglect can also show non-lateralized
deficits in selective attention (Chokron, Peyrin, & Perez,
2019; Husain, Shapiro, Martin, & Kennard, 1997). Chokron
and co-workers (2019) assessed the selective attention
of patients with chronic right hemisphere damage by using
a lateralized letter-detection task. Either a single large stimu-
lus (low-attention version) or a small stimulus surrounded by
flankers (high-attention version) was to be detected. Patients
with neglect showed a bilateral deficit, which became more
evident in the high-attention version compared to the low-
attention version. The authors concluded that increasing
the demands on visual selective attention deteriorates neglect
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patients’ performance in both hemifields. Along the same lines,
Battelli et al. (2001) demonstrated that right hemisphere-
damaged patients with neglect show a bilateral deficit in
perceiving motion. A motion illusion was generated by an
appropriate temporal offset between the four visual dot
stimuli. It was suggested that the finding is due to a non-
lateralized deficit in the temporal resolution of attention to
transient events.

A clinically important aspect in these findings is the fact
that if non-lateralized attention deficits are present, they
modulate the lateralized ones (Robertson et al., 1997; van
Kessel, van Nes, Brouwer, Geurts, & Fasotti, 2010). This
interaction aggravates and prolongs neglect (Hjaltason,
Tegnér, Tham, Levander, & FEricson, 1996; Husain &
Rorden, 2003; Robertson, 2001; Samuelsson, Hjelmquist,
Jensen, Ekholm, & Blomstrand, 1998). Previous studies have
reported contradictory findings on visuoattentive deficits of
patients with right hemisphere damage: studies have found a)
specific contralesional omissions, while ipsilesional perfor-
mance has remained intact (Bonato, 2015; Bonato, Priftis,
Marenzi, Umiltd, & Zorzi, 2012); b) mild ipsilesional deficits
in addition to considerable contralesional symptoms (Bonato
et al., 2019; Chokron et al., 2019); or even c¢) prominent ipsile-
sional deficits compared to contralesional performance
(Robertson et al., 1994; Williamson et al., 2018). There are also
methodological limitations to the applicability of past studies
regarding milder forms of visuoattentive deficits. Some pre-
vious studies finding non-lateralized deficits but not lateralized
ones have ruled out contralesional deficits either with a paper-
and-pencil method (Rueckert & Grafman, 1998), or they did
not test for neglect at all (Rueckert & Grafman, 1996;
Wilkins, Shallice, & McCarthy, 1987). Furthermore, studies
linking non-lateralized deficits with lateralized symptoms have
diagnosed clear neglect with paper-and-pencil methods
(Chokron et al., 2019; Robertson et al., 1997; Robertson
et al., 1998). Experimental designs utilizing paper-and-pencil
methods only may miss milder forms of contralesional visuoat-
tentive deficits, and their possible connection to non-lateralized
inattention. Hence, growing evidence (see, e.g., Bonato, 2015;
Bonato & Deouell, 2013; Bonato et al., 2012; Buxbaum et al.
2004; Deouell, Sacher, & Soroker, 2005; Kim et al., 2010;
Ogourtsova, Silva, Archambault, & Lamontagne, 2017;
Peskine et al., 2011; Villarreal et al., 2020) regarding the inad-
equacy of paper-and-pencil methods in revealing mild forms of
contralesional attention deficits indicates that supplemental
studies with sensitive methods are needed.

The aim of the present study was to compare spatially lat-
eralized and non-lateralized visuoattentive deficits in left and
right hemisphere stroke patients. To assess the lateralized def-
icits, we used a traditional paper-and-pencil cancellation task,
the Bells Test, and a computer-based detection task with brief
stimulus duration (Bonato et al., 2012). To assess the non-
lateralized deficits, we developed a new large-screen com-
puter method, the Ball Rain task, in which we used moving
visual stimuli and a setting that requires fast-paced selective
attention. We examined whether the combination of these
two methodological qualities would make the assessment
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sensitive in revealing non-lateralized inattention and whether
the same groups of patients also exhibit signs of contrale-
sional attention deficits. To our knowledge, this is one
of the first-ever comparisons between two computer methods
that have already proven sensitive in detecting mild
visuoattentive deficits (see Bonato et al., 2012; Villarreal
et al., 2020).

METHOD

Participants

The characteristics of the participants included in this study
have previously been described in detail (Villarreal et al.,
2020). Briefly, patients with their first-ever neuroradiologi-
cally verified stroke (ischemic, hemorrhagic, or both) were
recruited during 2016-2019 from the Neurology Outpatient
Clinic of Helsinki University Hospital at 106 days after
hospital admission, on average. Exclusion criteria were bilat-
eral stroke, visual field defect in neurological or neuro-
ophthalmological evaluation, prior neurological diagnosis
affecting cognition, primary impairment in hearing or sight
(other than myopia or hyperopia corrected with glasses), sub-
stance abuse, severe cognitive symptoms preventing partici-
pation, and severe psychiatric disease or significant motor
symptoms complicating cooperation. Participants comprised
20 patients with right hemisphere stroke (RH patient group,
9 men, mean age 53 years, SD + 8 years), 20 patients with left
hemisphere stroke (LH patient group, 15 men, mean age
51 years, SD + 9 years), and 20 healthy controls (8§ men, mean
age 46years, SD+ 15years). There were no significant
differences between the participant groups in age, gender,
education, or self-reported depressive symptoms. The patient
groups did not differ significantly from each other in types
of stroke or in number of days after stroke prior to participating
in the study (days post-onset of stroke prior to study were on
average 106 (SD: 45, range: 42 — 235) in RH patients and 105
(SD: 45, range: 39 — 203) in LH patients).

The Ethics Committee of Helsinki University Hospital
approved the study protocol, and all participants gave written
informed consent for participation. The data included in
the study were obtained in compliance with the Helsinki
Declaration.

Procedure
Assessment of contralesional visuoattentive deficits

Prior evaluation of the patient groups’ contralesional omis-
sions has been described in detail in our previous report
(Villarreal et al., 2020). To summarize, we used a traditional
paper-and-pencil cancellation task, the Bells Test (Gauthier,
Dehaut, & Joanette, 1989), and two new large-screen com-
puter methods to evaluate hemispatial neglect. According
to the findings, RH patients had subtle neglect but LH patients
showed no signs of neglect. RH patients missed significantly
more left-sided unilateral targets than controls in both of the
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large-screen tasks. They also missed significantly more
left-sided than right-sided unilateral targets in one of the
large-screen tasks. These effects did not become evident in
LH patients. No significant group differences occurred
in the left-sided or right-sided omissions of the Bells Test.
In the present study, we re-analyzed the results of the Bells
Test by utilizing an asymmetry index instead of raw omission
data (see Data analyses) and we used a Lateralized Targets
Computer Task (Bonato et al., 2012). As in our previous work
(Villarreal et al., 2020) and in other recent findings (Blini
et al., 2016; Bonato, 2015; Bonato et al., 2012), contrale-
sional deficits were interpreted as being only subtle if the
predominance of contralateral omissions became evident
with the Lateralized Targets Computer Task but not with
the Bells Test.

Lateralized targets computer task. Participants performed a
Finnish version of a computer-based task from the test battery
developed by Bonato and co-workers. The method has been
described in detail in previous studies (Blini et al., 2016;
Bonato, 2015; Bonato et al., 2012). The paradigm was admin-
istered using E-Prime (Psychology Software Tools,
Sharpsburg, Pennsylvania, USA, http://www.pstnet.com/).

Participants sat approximately 60 cm from a 15-inch com-
puter monitor. Each trial started with an empty white screen
(1000 ms) followed by a central fixation (black central cross,
1000 ms). Then, three different stimuli were presented con-
currently: a black dot target(s) (diameter 8 mm, presented
for 50 ms), a central letter (font size 38, same duration),
and a spoken number. The dot target(s) appeared with the
same probability on the left, on the right, or bilaterally
(one target type in each trial, altogether 16 of each target type)
at a distance of 135 mm (about 12.8°) from the center. The
central letter (a, b, v, or z, one in each trial) appeared in
the center. The number spoken in Finnish was either
“one,” “two,” “eight,” or “nine” (one in each trial) and was
presented through the computer speaker. The central letter
ensured maintained eye fixation, and together with the spo-
ken number, decreased the possibility of the participant of
focusing only on the lateralized dot target(s). Although not
relevant in this study, the central letter and the spoken number
further offer the possibility to add additional conditions, in
which the participant is required to also process these other
stimuli in addition to the lateralized dot target(s).

In the present study, the participant was instructed to
report only the position of the dot target(s) and to disregard
the central letter and spoken number. Verbal guidance and a
short training preceded the actual test session. The experi-
menter coded the participants’ verbal responses to the com-
puter (location of the dot target(s) in the “left,” “right,” or
“both” side(s), or “no response”). Response time was not
restricted. A new trial was initiated by the experimenter only
after the participant had responded to the preceding trial.
As the visual stimuli were only presented for 50 ms, a screen
with white noise followed the visual stimulus presentation
and continued through the presentation of the spoken number
until the experimenter coded the participant’s response.

9% <
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Correct responses and omissions for the dot target(s) were
extracted and analyzed. A unilateral dot target was interpreted
as “omitted” if the participant failed to correctly report the
target’s location (left or right). The bilateral dot targets’ omis-
sions were extracted as follows: If the participant incorrectly
reported a dot target location as being “right” when it actually
appeared bilaterally, the response was interpreted as “left
omission” (cf. left-sided extinction); correspondingly, if the
dot target was reported as “left” when it actually appeared
bilaterally, the response was interpreted as “right omission”
(cf. right-sided extinction).

Assessment of non-lateralized visuoattentive deficits

A novel application called the Active Space was used to
generate a new assessment method, the Ball Rain task.
The technical properties of the Active Space have previously
been described in detail (Linnavuo, Kovalev, & Sepponen,
2010; Rimminen, Lindstrom, Linnavuo, & Sepponen,
2010; Villarreal et al., 2020). Briefly, a short throw video pro-
jector (Epson EB-680; Seiko EPSON Corporation, Suwa,
Japan) was used to generate the visual stimuli. The projector
produced a 173 X 277 cm display on the wall. The pixel size
was 1.9 X 1.9 mm. The participant was seated facing the
screen at 180 cm distance with the midpoint located 120 cm
from the floor. The visual angle was approximately 51°
vertically and 75° horizontally. The control of the method
and the task application were implemented using LabVIEW™
systems engineering software (National Instruments, Austin,
Texas, USA).

The main technical parameters of the Ball Rain task are
presented in Table 1. Each participant was instructed to
observe colored spheres continuously appearing from the
top of the screen in a fast downward motion, and they were
instructed to react only to red spheres. The spheres could
descend from any location along the superior border of the
display, all the way out to the left and right extremes.
There was no central fixation point, and eye movements were
not monitored. The duration of the task was 3 minutes, and
the actual test session was preceded by a short training,
including verbal guidance. Correct reactions and reaction
times, as well as missed targets, were extracted. For primary
reaction time analyses, we used an approach utilized in
several previous studies examining spatial attention
(Anderson, Mennemeier, & Chatterjee, 2000; Deouell
et al., 2005; Villarreal et al., 2020). If the participant did
not react to the target within 1000 ms, the target was inter-
preted as “missed.” If the participant responded earlier than
250 ms after the target onset, the reaction was excluded as
anticipatory error. Reaction times that deviated more than
2.5 standard deviations from the mean were excluded as
outliers. These exclusions were carried out separately
for each participant and hemifield. A total of 3% of all reac-
tions were excluded in the left and right hemifields, respec-
tively. A visualization of the Ball Rain task is presented in
Figure 1.
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Table 1. Main technical parameters of the Ball Rain task

Technical parameter

Ball Rain task description

Task paradigm

Target

Target display time
Target locations
Response window
Distraction stimuli

Distraction display time
Sphere diameter

Sphere velocity

Screen background

IST

ITI

Task duration

Colored non-overlapping spheres appear randomly from random horizontal locations on top of
the display and move downwards. Reaction to target with mouse button 4.

Red sphere RGB:190,0,0

Until response, maximum 700 ms

50 on left, 50 on right side of display

250 to 1000 ms after target onset

Spheres other colored than red: Navy blue (RGB:0,0,100); Blue (0,0,255); Cyan (0,255,255);
Yellow (255,255,0); Dark green (0,100,0); Pine Green (0,100,100); Green (0,255,0); Violet
(100,0,100); Pink (255,0,255)

700 ms

100 mm

1.1 m/s

Solid Gray RGB:127,127,127

Time between two stimulus onsets. Random, minimum O ms, average 175 ms, maximum 750 ms.

Time between two target onsets. Random, minimum 1200 ms, average 1766 ms, maximum
4900 ms.

180 seconds, training 30 seconds

Note: RGB, red, green, blue color model triplet; ISI, interstimulus interval; ITI, intertarget interval.

Fig. 1. Visualization of the Ball Rain task. Red target sphere appear-
ing on the right side of display (for task parameters, see Table 1).

Data Analyses

Variables related to the assessment of contralesional omis-
sions were created using a procedure described by Blini
and co-workers (2016). First, an asymmetry index was calcu-
lated for each participant: omissions of the left hemifield were
subtracted from those of the right hemifield. This way, neg-
ative values indicate the predominance of left-sided omis-
sions (i.e., contralesional deficits in RH patients), and
correspondingly, positive values indicate the predominance
of right-sided omissions (i.e., contralesional deficits in LH
patients). A value of zero indicates that omissions are distrib-
uted equally between the left and right hemifields, and thus,
there is no spatial bias. Asymmetry indices were calculated
separately for the unilateral and bilateral targets of the
Lateralized Targets Computer Task and for the Bells Test.
After calculating each participant’s asymmetry index, the
differences from the expected zero within the groups and
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the group differences were analyzed. Variables of the Ball
Rain task were created by calculating omissions and average
reaction times separately for the left and right hemifields.

The Statistical Package for the Social Sciences (IBM
SPSS Statistics for Windows, Version 25.0. Armonk, New
York: IBM Corporation) was used for statistical analyses.
Reaction times were analyzed using a mixed analysis of vari-
ance (ANOVA) with Group (RH patients vs. LH patients vs.
controls) as the between-subjects factor and Hemifield (left
vs. right) as the within-subjects factor. For multiple pairwise
comparisons, p values were adjusted using the Bonferroni
correction. All other variables were analyzed using nonpara-
metric methods because of the skewness in distributions.
Between-groups comparisons were analyzed using the
Kruskal-Wallis test (). Dunn’s test was used for post-hoc
analyses. A step-down multiple hypotheses testing procedure
(Benjamini & Liu, 1999) was used to control the family-wise
error. This procedure is a variation of the statistical approach
pioneered by Benjamini and Hochberg (1995) to control the
False Discovery Rate (FDR). Within-group analyses (the
differences between the two hemifields) were performed
using Wilcoxon signed-rank test. Effect sizes were calculated
by computing partial eta squared (nzpmial) for mixed
ANOVA, eta squared (nz) for the Kruskal-Wallis test,
r for Dunn’s and Wilcoxon signed-rank tests and d for
Bonferroni (Cohen, 1988; Tomczak & Tomczak, 2014).
For significant group differences, Cohen’s descriptions for
nz(pamﬂl) (large effect: .14; medium effect: .06; small effect:
.01), r (large effect: .5; medium effect: .3; small effect: .1),
and d (large effect: .8; medium effect: .5; small effect: .2)
were used (Cohen, 1988). The level of statistical significance
was set at .05. The 95% confidence intervals were reported
where appropriate.
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Table 2. Average asymmetry indices and related within-group analyses of LH and RH patients and controls

Average asymmetry

Within-group analyses: Deviation of asymmetry index from zero? index® Statistics (Z) p Value® Effect size?
Lateralized Targets Computer Task, bilateral targets
LH patients (n = 20) .55 1.119 263
RH patients (n = 20) -.70 —2.488 013 r=—.56%%*
Controls (n=20) .00 .000 1.000
Lateralized Targets Computer Task, unilateral targets
LH patients (n = 20) 15 905 .366
RH patients (n =20) -.40 —1.000 317
Controls (n=20) .10 .816 414
The Bells Test
LH patients (n = 20) 15 1.359 174
RH patients (n = 20) -.25 942 .346
Controls (n=20) —-45 1.425 154

LH, left hemisphere stroke; RH, right hemisphere stroke.

Note: *One sample Wilcoxon signed-rank test; effect sizes presented for significant differences.
bAsymmetry index represents the spatial distribution of target omissions: negative values indicate predominance of left-sided omissions, positive values pre-
dominance of right-sided omissions, and zero expected equality in left-sided and right-sided omissions.

p values smaller than .05 are statistically significant (marked in bold).

dEffect sizes according to Cohen, 1988: r= *small >.1, **medium >.3, ***]large >.5.

Table 3. Group comparisons of the asymmetry indices of LH and RH patients and controls

Between-groups analyses: LH RH
Differences in asymmetry patients, patients, Controls, Statistics Observed  Adjusted Critical Effect
indices? n=20 n=20 n=20 @) df pvalues® p values® Rank  p values® sized
Lateralized Targets Computer 9.032 2 011 n?=.12%%
Task, bilateral targets
Post-hoc comparisons Mean 35.02 22.65 33.83
ranks
RH patients vs. LH patients —12.375 006 018 1 .017 r=—43%%*
RH patients vs. controls —11.175 014 019 2 .038 r=—.39%%*
Controls vs. LH patients 1.200 1.000 NS 3 150
Lateralized Targets Computer 1.683 2 431
Task, unilateral targets
The Bells Test 3.625 2 163

LH, left hemisphere stroke; RH, right hemisphere stroke; NS, not significant.

Note: *Kruskall-Wallis test; post-hoc comparisons, mean ranks, and effect sizes presented for significant group differences.

PPost-hoc comparisons: Observed p values smaller than the critical p values are statistically significant (marked in bold).

€A step-down multiple hypotheses testing procedure; adjusted and critical p values extracted to control the family-wise error.

dEffect sizes according to Cohen, 1988: n?> = *small >.01, **medium >.06, ***large >.14 and r = *small >.1, **medium >.3, ***large >.5.

RESULTS

Asymmetry Indices of the Lateralized Targets
Computer Task and the Bells Test

Average asymmetry indices of the Lateralized Targets
Computer Task and the Bells Test and related within-groups
analyses are presented in Table 2. In the Lateralized Targets
Computer Task, RH patients” asymmetry indices for bilateral
targets were typically negative and differed significantly from
the expected zero. This indicates the predominance of
left-sided omissions (see Method section). The asymmetry
indices for bilateral targets of the controls and LH patients
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did not differ significantly from zero. There were no signifi-
cant deviations from zero in the asymmetry index for unilat-
eral targets in any of the groups on either the Lateralized
Targets Computer Task or the Bells Test.

Between-groups comparisons are presented in Table 3.
RH patients” asymmetry indices for bilateral targets differed
significantly from those of the controls and the LH patients.
No significant differences occurred between the controls’ and
LH patients’ asymmetry indices for bilateral targets. There
were no significant differences between the participant
groups’ asymmetry indices for the unilateral targets nor for
the Bells Test.
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LATERALIZED TARGETS COMPUTER TASK
Asymmetry index for bilateral targets

2 4 6 8

Right hemifield omissions predominant

2 4 6 8

Fig. 2. Individual asymmetry indices for bilateral targets of the Lateralized Targets Computer Task.

In order to scrutinize each participant’s asymmetry index
individually, the indices for bilateral targets are presented in
Figure 2.

Response Omissions in the Ball Rain Task

The average numbers of omissions in the Ball Rain task and
related statistical comparisons between the groups and the
two hemifields are reported in Table 4. RH and LH patients
missed significantly more targets than the controls in both
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the left and right hemifields. No significant differences were
observed between the patient groups. Neither RH or LH
patients nor the controls showed omission differences
between the two hemifields.

Reaction Times in the Ball Rain Task

The average reaction times of the participant groups and
related statistical analyses are reported in Table 5. Both
patient groups showed significantly slower reactions for
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Table 4. Average numbers of omissions in the Ball Rain task

965

LH
patients
n=20

RH
patients
n=20

Average omis-
sions (%) and related
group comparisons®

Controls
n=20

Critical
Rank P values®

Statistics

Observed Adjusted
¢!

df P values® P values® Effect sized

Ball Rain, left
hemifield
Post-hoc
comparisons
Controls vs. RH
patients
Controls vs. LH
patients
RH patients vs.
LH patients
Ball Rain, right
hemifield
Post-hoc
comparisons
Controls vs. RH
patients
Controls vs. LH
patients
RH patients vs.
LH patients

3% 5% 1 %

Mean ranks  32.73 37.48 21.30

5% 4 % 1%

Mean ranks  33.80 36.58 21.12

10.093 2 .006 = 142k

—16.175 .002 .006 1 017  r=-.489%*

—11.425 029 038 038 r=-.345%*

4.750 364 NS 150

9.625 .008 n? =.134%%*

—15.450 004 012 1 017  r=-.460%*

—12.675 017 022 038  r=-377%*

2.775 .601 NS 150

Omission comparisons between the
two hemifields®

Statistics (Z)

p value

Ball Rain
LH patients
RH patients
Controls

—1.235
—.578
-.905

217
.563
.366

LH, left hemisphere stroke; RH, right hemisphere stroke; NS, not significant.

Note: *Kruskall-Wallis test; mean ranks, post-hoc comparisons, and effect sizes presented for significant group differences.

PPost-hoc comparisons: Observed p values smaller than the critical p values are statistically significant (marked in bold).

€A step-down multiple hypotheses testing procedure; adjusted and critical p values extracted to control the family-wise error.

dEffect sizes according to Cohen, 1988: n?> = *small >.01, **medium >.06, ***large >.14 and r = *small >.1, **medium >.3, ***large >.5.

“Paired Wilcoxon signed-rank test.

the Ball Rain targets than the controls did. The finding was
equal in both hemifields since no significant effect of
Hemifield or Hemifield X Group interaction was found.

DISCUSSION

The aim of the present study was to compare lateralized
(i.e., contralesional) and non-lateralized (i.e., general)
visuoattentive deficits in left and right hemisphere stroke
patients. To assess the lateralized omissions, we used a tradi-
tional paper-and-pencil cancellation task, the Bells Test, and
a Lateralized Targets Computer Task that is sensitive in
detecting even subtle contralesional attention deficits. To
assess the non-lateralized inattention, we developed the
Ball Rain task, a new large-screen computer method in which
we used moving visual stimuli and a setting requiring fast-
paced selective attention. We examined whether these meth-
odological qualities would make assessment sensitive in
detecting non-lateralized inattention and whether the same
patient groups also show contralesional attention deficits.
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Our main findings are that both the RH and LH patients
showed non-lateralized visual inattention and RH patients
also showed subtle contralesional visuoattentive deficits.
In the Ball Rain task, RH and LH patients missed signifi-
cantly more targets than the controls did in both hemifields.
Also, the reactions of the patient groups for the Ball Rain tar-
gets were significantly slower than those of the controls in
both hemifields. In the Lateralized Targets Computer Task,
RH patients missed significantly more left-sided than right-
sided targets in bilateral trials and they missed significantly
more left-sided targets in bilateral trials than the controls
and LH patients. This spatial bias did not become evident
with the Bells Test nor with the unilateral targets of the
Lateralized Targets Computer Task. Hence, in the present
study, assessment with a sensitive computer method was cru-
cial in order to reveal RH patients’ (subtle) contralesional
attention deficits. LH patients showed no spatial bias in the
Lateralized Targets Computer Task nor in the Bells Test,
which ensures that the effect observed in RH patients is
not a general byproduct of a brain lesion.
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Table 5. Average reaction times for the Ball Rain task of LH and RH patients and controls

Average reaction times, LH patients RH patients Controls Statistics
ms (range) n=20 n=20 n=20 (Wilks A; F) df P value® Effect sized
Ball Rain, left 532 (435-636) 542 (423-653) 480 (366-560)
hemifield
Ball Rain, right 551 (441-667) 549 (415-697) 476 (395-574)
hemifield
Between-groups 7.172 2 .002 0P partial = 2014
comparisons®:
Post-hoc 95% confidence interval
comparisons for difference
Mean Lower bound Upper bound
difference
Controls vs. RH —67.56 ms —116.98 ms —18.15ms 004 d=1.04%**
patients
LH patients vs. RH —3.89 ms —53.31 ms 45.52 ms 1.000
patients
Controls vs. LH —63.67 ms —113.09 ms —14.26 ms 007 d=1.12%%%*
patients
Within-group
comparisons®:
Hemifield .950; 2.986 1 .089
Hemifield X Group .914; 2.696 2 .076

LH, left hemisphere stroke; RH, right hemisphere stroke.
Note: Mixed ANOVA: “Between-groups and

"Within-group comparisons; effect sizes presented for significant group differences.
“For multiple pairwise comparisons, p values adjusted by the Bonferroni correction; p values smaller than .05 are statistically significant (marked in bold).
dEffect sizes according to Cohen, 1988: nzpamal =*small >.01, **medium >.06, ***large >.14 and d = *small >.2, **medium >.5, ***large >.8.

Supporting previous research (Battelli et al., 2001; Husain
et al., 1997; Robertson et al., 1997), the results of the present
study indicate that patients with unilateral brain damage may
exhibit both non-lateralized and contralesional visuoattentive
deficits. Significantly, this study complements the previous
research (Chokron et al., 2019; Robertson et al., 1997,
Robertson et al., 1998) by demonstrating that the connection
between these two deficits is also observable in a clinical
group whose contralesional attention deficits are only subtle.
The observation is important both clinically and in terms of
developing efficient assessment and rehabilitation methods.
It stresses the importance of utilizing and developing different
kinds of sensitive methods when assessing stroke patients’
mild visuoattentive symptoms. As the Ball Rain task revealed
non-lateralized attention deficits, the Lateralized Targets
Computer Task was empirically confirmed as a purer mea-
sure of lateralized inattention. This might be due to a short
presentation time in the latter one, which was likely to trigger
contralesional omissions. The proposition is further sup-
ported by the fact that in our previous report (Villarreal
et al., 2020), we also presented visual stimuli with short pre-
sentation time and found that the same RH patients showed
significant contralesional but not ipsilesional omissions. The
phenomenon became evident in two different computer tasks,
but this time with unilateral targets. Therefore, it was actually
confirmed that RH patients showed subtle neglect in addition
to contralesional deficit under double stimulation evident in
the present study.
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It is essential to identify both lateralized and non-lateralized
inattention since a) deficits in non-lateralized attention are a
significant predictor of neglect (Robertson et al., 1997); b)
non-lateralized attention deficits aggravate and prolong neglect
(Hjaltason et al., 1996; Husain & Rorden, 2003; Robertson,
2001; Samuelsson et al., 1998); c) along with recovery, a
contralesional manifestation of the deficits shifts toward non-
lateralized inattention (Nurmi et al., 2018); and d) neglect
can be alleviated by improving non-lateralized attention
(Robertson, Tegnér, Tham, Lo, & Nimmo-Smith, 1995).

In the Ball Rain task, it is possible that the motion of the
visual stimuli contributed to visuoattentive deficits being
revealed as non-lateralized. Attention frequently has a crucial
role in motion perception (Beer & Roder, 2004; Cavanagh,
1992), and motion is important in attracting attention
(Wolfe & Horowitz, 2004). The phenomenon of shifting
attention toward the side of motion has been demonstrated
in healthy participants and in patients showing neglect
(Hopfner et al., 2015). Moving cues in the contralesional
hemispace alleviate neglect (Butter & Kirsch, 1995; Butter,
Kirsch, & Reeves, 1990; Hopfner et al., 2015). Hence, at least
in RH patients, one possible hypothesis might be that the
motion of the Ball Rain stimuli acted as a “cue” that captured
attention in the contralesional hemifield. As a result, their
attention was distributed more evenly between the right
and left visual fields. Nevertheless, their core attentional def-
icits presumably caused them to miss more targets than con-
trols in both hemifields.
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One interesting point of view arises from the findings
that attention is biased toward the ipsilesional space in
patients with unilateral brain damage (Butler, Lawrence,
Eskes, & Klein, 2009; Gainotti, D’Erme, & Bartolomeo,
1991; Mark, Kooistra, & Heilman, 1988). Snow and
Mattingley demonstrated (2006) that this ipsilesional prefer-
ence, or “hyperattention,” may lead to a deficit in inhibiting
task-irrelevant information in the ipsilesional visual field
(see also Bays, Singh-Curry, Gorgoraptis, Driver, & Husain,
2010; Duncan, Humphreys, & Ward, 1997; Shomstein,
Lee, & Behrmann, 2010). Therefore, it could be hypothesized
that visuoattentive deficits in the ipsilesional hemifield might
arise from different origins than those in the contralesional
hemifield: the contralesional deficit might arise from dys-
functional spatial attention, and the ipsilesional deficit may
be from a difficulty to filter and, thus, process information
efficiently in the dynamic visual scene.

From a different perspective, it has been demonstrated that
patients with chronic unilateral brain damage may show inap-
propriate saccades or bias to respond to contralesional stimuli
(i.e. contralesional visual grasp) (Butter, Rapcsak, Watson, &
Heilman, 1988; Kwon & Heilman, 1991). This phenomenon
has been explained in accordance with the theory of Denny-
Brown and Chambers (1958): frontal lobes mediate avoid-
ance behaviors (i.e. decreased allocation of attention) and
the parietal lobes mediate approach behaviors (i.e. increased
allocation of attention). In the healthy brain, these two regions
inhibit the activity of each other. Therefore, unilateral damage
to frontal areas may lead to disinhibition of parietal areas and,
further, to strengthening of contralesional approach behavior
(Butter et al., 1988; Kwon & Heilman, 1991). As a conse-
quence, allocation of attention increases in the contralesional
hemispace and leads to ipsilesional attention deficit. In the
present study, we did not use a central fixation point nor
monitored eye movements in the Ball Rain task. Hence, it
is possible that at least in some of the patients (e.g. the ones
with anterior lesion), ipsilesional deficit is due to a contrale-
sional visual grasp. The hypothesis is further supported by the
fact (Kim et al., 1999) that this phenomenon may be task-
dependent and may appear together with contralesional
attention deficit (cf. RH patients showed contralesional and
ipsilesional deficit in the Ball Rain task but only contrale-
sional deficit in the Lateralized Targets Computer Task).

Certain caution is required when interpreting the results
of the present study. First, these first-ever results with the
new method should be confirmed with a larger sample size.
Second, our test scenario in the Ball Rain task does not enable
the differentiation of the factors (e.g., movement of the
stimuli, high demands for visual selective attention, or both)
to identify which caused the visuoattentive deficits of both of
the patient groups to be exhibited as non-lateralized. Some
studies have reported that patients with neglect show a normal
perception of moving stimuli (Spinelli & Zoccolotti, 1992)
and deficits of selective attention only in the contralesional
hemifield (Battelli et al., 2001). Future studies may bring
additional information regarding the contributing factors in
non-lateralized visuoattentive deficits of patients with subtle
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neglect and whether these deficits are associated with more
severe symptomatology in other cognitive domains (RH
and LH patients in this study did not differ from each
other in other cognitive domains; see Villarreal et al.,
2020). The possible effect of the fast-paced nature of the
Ball Rain task on visuoattentive deficits should also be con-
sidered. The patients may have had limited capacity, which
may have particularly affected the ipsilesional processing
(as discussed above). This may have had an effect in bringing
out both the contralesional and the ipsilesional attention
deficits. Future studies may bring additional information
on whether decelerating the stimulus presentation contributes
in revealing “purer” contralesional attention deficits by sup-
pressing the effect of limited processing capacity.

To conclude, we present a new method to assess visuoat-
tentive deficits and demonstrate that computer-based assess-
ment sensitively reveals various aspects of visual inattention.
Patients with either right or left hemisphere stroke may suffer
from non-lateralized visuoattentive deficits, and in right
hemisphere stroke, these deficits may be accompanied by
subtle contralesional inattention. Therefore, both kinds of
deficits should be considered when assessing and rehabilitat-
ing these patients (Chokron et al., 2019; Husain & Rorden,
2003; Robertson, 2001). New sensitive methods are needed
in order to identify even minor attentional deficits. These
deficits might not be detected with traditional assessment
methods, but they might cause functional disability (Bonato &
Deouell, 2013; Bonato et al., 2012).
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