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Increasing cognitive demand in assessments of visuo-spatial neglect: Testing the 
concepts of static and dynamic tests
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Utrecht, Netherlands; eDepartment of Experimental Psychology, Helmholtz Institute, Utrecht University, Utrecht, Netherlands

ABSTRACT
Introduction: Numerous tests of visuo-spatial neglect (VSN) have been developed. In this study, we 
propose a clustering of VSN tests by making a distinction between static tests with low levels of 
cognitive demand (i.e. tests without movement or time-restrictions, such as paper-and-pencil tests) 
and dynamic tests with high levels of cognitive demand (i.e. tests incorporating movement and time- 
restrictions, such as virtual reality tests). The concepts of static and dynamic tests have not been 
systematically investigated so far. Here, we investigated (1) whether we would find dissociations 
between patients showing VSN on test within the static cluster but not on tests within the dynamic 
cluster, and vice versa; (2) whether differences in demographic or clinical characteristics could be 
identified between these groups of patients; and (3) whether the underlying factor structure would 
correspond to our proposed distinction between static and dynamic clusters of tests.
Method: Sixty-one patients with VSN completed three static tests (shape cancellation, line bisec
tion, letter cancellation) and three dynamic tests (Catherine Bergego Scale, Mobility Assessment 
Course, simulated driving test).
Results: Thirteen percent of patients showed VSN on tests within the static cluster, 33% on tests 
within the dynamic cluster, and 54% on tests within both clusters. Patients with VSN on the 
dynamic tests (alone or in addition to static tests) had poorer motor function, poorer walking 
abilities and were more dependent in daily life than patients showing VSN on the static cluster 
alone. The underlying factor structure corresponded to our proposed conceptual distinction 
between static and dynamic clusters of tests.
Conclusions: Static and dynamic tests compose different clusters and double dissociations are 
shown between clusters. Future research involving data-driven approaches might result in a better 
understanding on how different tests of VSN relate to each other, and, more importantly, a better 
understanding of VSN and its phenotypes.
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Introduction

Patients with visuo-spatial neglect (VSN) fail to attend 
stimuli presented at the contralesional side of space 
(Buxbaum et al., 2004; Heilman et al., 2000). These 
patients manifest symptoms such as bumping into door
frames, eating food from only one side of their plate, 
and ignoring people who are located at their contrale
sional side (Corbetta, 2014). VSN is known to negatively 
affect rehabilitation outcomes, such as functional recov
ery (Nijboer et al., 2013), motor recovery (Nijboer, 
Kollen et al., 2014), and reintegration into the commu
nity (Chen et al., 2015). In general, patients with VSN 
require more help and ongoing assistance from care
givers, which increases caregivers’ burden and stress 
levels (Bosma et al., 2019; Chen et al., 2017). Given its 

negative effect, early detection of VSN is crucial to start 
appropriate treatment.

A clinical assessment is needed to objectify the pre
sence and severity of VSN (Azouvi et al., 2006). VSN is 
usually assessed with neuropsychological paper-and- 
pencil tests, such as cancellation, line bisection, and 
copying tests. Previous research has reported a lack of 
ecological validity, since the level of cognitive demand 
in paper-and-pencil tests does not resemble the high 
level of cognitive demand of daily life (Azouvi, 2017; 
Tsirlin et al., 2009). Cognitive demand refers to the level 
of cognitive resources that are required to execute a task, 
which varies as a function of task complexity (Tsaparli, 
2014). Task complexity can be directly related to task 
features that increase information load, information 
diversity, or rate of information change (Campbell, 
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1988; Liu & Li, 2012). For more complex tasks, patients 
are required to invest more cognitive resources during 
task performance. In paper-and-pencil tests, there are 
no changing stimuli, external distractions, or time- 
restrictions, which emphasizes the “static” nature and 
the low level of cognitive demand in these tests (Pedroli 
et al., 2015; Ten Brink et al., 2018).

To improve ecological validity, dynamic tests have 
been developed to relate to the level of cognitive 
demand of daily life (Blini et al., 2016; Bonato, 2012; 
Bonato et al., 2010). In this study, we consider tests to be 
“dynamic” when stimuli change as a patient moves 
through an environment, when performance is time- 
bound, and/or when a patient is required to multitask 
(Bonato, 2012; Spreij et al., 2020; Ten Brink et al., 2018). 
When patients are moving, there is more attentional 
competition between stimuli at the ipsilesional versus 
the contralesional side of space than in a motionless 
situation (Bonato, 2012). There is little time to attend 
to objects as stimuli are on the retina for a short amount 
of time, and there is strong competition between objects 
that draw attention. Patients with VSN will, conse
quently, have more difficulties disengaging attention 
from the ipsilesional side to attend the contralesional 
side (Rengachary et al., 2009; Ten Brink et al., 2018). 
Observational scales, such as the Catherine Bergego 
Scale (CBS), can be considered dynamic, as they provide 
a systematic evaluation of VSN behavior during activ
ities of daily living (ADL) in a real-life setting (Azouvi 
et al., 2003; Ten Brink et al., 2013). An example of an 
objective quantified test is the Mobility Assessment 
Couse (MAC), where participants navigate through 
a hallway while searching for targets (Grech et al., 
2017; Ten Brink et al., 2018; Verlander et al., 2000). 
An additional advantage of the MAC is that patients 
are required to perform several operations at once 
(navigating and searching), which makes a test like the 
MAC even more demanding than for example, 
a cancellation test, where searching for targets is the 
only required operation (Blini et al., 2016; Bonato 
et al., 2010). Multitasking may lead to competition for 
cognitive resources (Künstler et al., 2018; Rengachary 
et al., 2009; Schaefer, 2014; Ten Brink et al., 2018), and 
performance will suffer when attentional abilities are 
weakened (Bonato, 2012, 2015; Bonato et al., 2010). 
Finally, Virtual Reality has been used to assess VSN in 
a controlled environment that simulates daily life situa
tions (Pallavicini et al., 2015; Tsirlin et al., 2009). For 
example, we have used a simulated driving test to assess 
VSN (Spreij et al., 2020).

Numerous tests of VSN have been developed, varying 
in level of cognitive demand. In this study, we propose 
making a distinction between static tests, with low levels 

of cognitive demand, and dynamic tests, with high levels 
of cognitive demand. It is not simply the case that 
dynamic tests are more challenging than static tests, as 
extensive research has showed dissociations between 
performances on static versus dynamic tests (Azouvi, 
2002; Azouvi et al., 2006; Grattan & Woodbury, 2017; 
Hamilton et al., 2008). For example, patients may show 
VSN on the MAC or a Virtual Reality test, but not on 
a cancellation test, and vice versa (Azouvi et al., 2006; 
Grech et al., 2017; Peskine et al., 2011; Spreij et al., 2020; 
Ten Brink et al., 2018). These dissociations suggest 
a conceptual distinction between static and dynamic 
tests – two concepts that are often used by clinicians 
and researchers to describe VSN assessments (e.g., 
Deouell et al., 2005; Smit et al., 2013; Spreij et al., 
2020; Ten Brink et al., 2018; Toglia & Cermak, 2009). 
However, these concepts have not been systematically 
investigated in a large cohort of VSN patients with 
multiple tests. To gain a better understanding in this 
matter, we propose a clustering of VSN tests by making 
a distinction between static tests and dynamic tests. We 
hypothesized to find dissociations between patients 
showing VSN on tests within the static cluster but not 
on tests within the dynamic cluster, and vice versa. We 
evaluated whether differences in demographic or clin
ical characteristics could be identified between these 
groups of patients. Finally, we hypothesized that in 
case tests from the same cluster were part of the same 
concept (static versus dynamic), the underlying factor 
structure would correspond to our proposed distinction 
between static and dynamic clusters of tests.

Materials and methods

Participants

A total of 70 stroke patients were included in 
a randomized control trial, investigating prism adapta
tion in rehabilitation (#NTR3278; approved by the 
Medical Ethical Committee of the University Medical 
Center Utrecht and De Hoogstraat Rehabilitation 
Center, #12-183/O) (Ten Brink et al., 2015). Inclusion 
criteria for the randomized controlled trial were: (1) 
clinically diagnosed stroke (confirmed by a MRI or CT 
scan); (2) indication of VSN based on the performance 
on the shape cancellation, line bisection and/or CBS; (3) 
age between 18 and 85 years old; and (4) sufficient 
comprehension and communication (evaluated by 
a neuropsychologist). Exclusion criteria were: (1) inter
fering psychiatric disorders and/or substance abuse; (2) 
expected discharge <4 weeks; and (3) physically or men
tally unable to participate (evaluated by a rehabilitation 
physician). Written informed consent was obtained 
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from all patients. The experiment was performed in 
accordance with the Declaration of Helsinki.

In order to compute z-scores of the patients’ test 
performances, we recruited healthy controls (for the 
shape cancellation, line bisection, letter cancellation, 
MAC and simulated driving test) and stroke patients 
without VSN (for the CBS) as control groups. We used 
stroke patients without VSN as control group for the 
CBS, since the comparison between patients with and 
without VSN provides information on the role of VSN 
on ADL. The inclusion criteria for the healthy controls 
were (1) aged between 18–80 years old; and (2) no 
history of neurological and/or psychiatric disorders. 
The inclusion criteria for the stroke patients without 
VSN were: (1) clinical diagnosed stroke (confirmed by 
a MRI or CT scan); (2) aged between 18 and 80 years 
old; and (3) no indication of VSN based on the shape 
cancellation and/or CBS.

Tests and outcome measures

The baseline measurement of the randomized control 
trial consisted of three static tests (shape cancellation, 
line bisection, letter cancellation) and three dynamic 
tests (CBS, MAC, simulated driving test). The test ses
sion lasted ±60 minutes in total.

Static VSN tests
The static tests (shape cancellation, line bisection, letter 
cancellation) were administered using a 22-inch inter
active WACOM (PL2200) tablet screen (1920 × 1080), 
with a screen size of 477.64 mm × 268.11 mm (Smit 
et al., 2013). The tablet screen was oriented horizontally 
and slightly tilted with an angle of 18 degrees. 
Participants were seated in front of the tablet screen at 
a distance of approximately 30 cm. They had to respond 
to the stimuli by drawing on the screen with a digital 
stylus. DiagnoseIS (developed by Metrisquare, the 
Netherlands) was used to program the static tests.

Shape Cancellation. The digitized shape cancellation 
consisted of 56 targets (small shapes) and 75 distractors 
in different sizes (shapes, letters, and words). Two tar
gets in the center were marked by the researcher as part 
of the instruction. Patients were instructed to designate 
the remaining 54 targets (27 left, 27 right) and tell the 
examiner when they had completed the test. No time 
limit was given. The asymmetry score was calculated 
(number of missed targets on the right – number of 
missed targets on the left). As left-sided VSN would 
result in a negative value and right-sided VSN in 
a positive value, the absolute value was used in order 
to be able to compare patients with left- and right-sided 
VSN. The range of the absolute asymmetry score was 

between 0 (equal number of missed targets on the left 
and right side) and 27 (27 missed targets on one side 
and 0 missed targets on the other side). We used the 
average asymmetry score (0.32) and standard deviation 
(0.57) of 22 healthy controls to compute z-scores.

Line Bisection. The digitized line bisection test was 
based on the Behavioral Inattention Test (Wilson et al., 
1987), where each patient was presented with three 
horizontal lines (320 mm each; 1 mm thick) that were 
displayed in a staircase fashion. This subtest of the BIT 
was administered twice. Patients were instructed to 
mark the midpoint of each line. We measured the devia
tions from the true midpoint (deviations to left scored as 
negative; deviations to the right as positive). Next, the 
average deviation of the six lines was calculated and 
computed to an absolute score. The maximum deviation 
was 160 mm (320 mm deviated by 2). We used the 
average deviation (4.82 mm) and standard deviation 
(4.05 mm) of 22 healthy controls to compute z-scores.

Letter cancellation. The digitized letter cancellation 
consisted of 5 rows of 34 letters (170 letters in total) 
(Smit et al., 2013). Participants were instructed to cancel 
the target letters “E” and “R” (20 left, 20 right), which 
were randomly placed between the distractor letters. 
The asymmetry score was calculated (number of missed 
targets on the right – number of missed targets on the 
left). As left-sided VSN would result in a negative value 
and right-sided VSN in a positive value, the absolute 
value was used. The range of the absolute asymmetry 
score was between 0 (equal number of missed targets on 
the left and right side) and 20 (20 missed targets on one 
side and 0 missed targets on the other side). We used the 
average asymmetry score (0.36) and standard deviation 
(0.66) of 22 healthy controls to compute z-scores.

Dynamic VSN tests
Catherine Bergego Scale. The CBS is an observation scale 
to assess VSN behavior during ADL (Azouvi, 2002). The 
nursing staff observed and rated behavior during 10 
activities (e.g., dressing or eating), providing a score of 
0 (no VSN) to 3 (severe VSN) per item. Items that were 
missing (e.g., due to the inability to independently per
form an activity or when a situation was not observed) 
were considered invalid. The total score was the sum of 
the valid item scores, divided by the number of valid 
items, multiplied by 10 (resulting in a total score ran
ging from 0 [no VSN] to 30 [severe VSN]). To compute 
z-scores, we used the average score (1.03) and standard 
deviation (2.08) of 58 stroke patients without VSN.

Mobility assessment course. The MAC is a visual search 
test that is conducted in a corridor (A. F. Ten Brink et al., 
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2018). Participants were instructed to follow 5 directional 
indicators and find 24 targets (yellow squares, 10 cm × 
10 cm) attached to the wall (12 left, 12 right). We cor
rected for targets that were invisible (i.e., targets 
obstructed by an object or person), by dividing the num
ber of omissions by the number of visible targets, and 
multiply this by the total number of targets. The asym
metry score was calculated (number of missed targets on 
the right – number of missed targets on the left). As left- 
sided VSN would result in a negative value and right- 
sided VSN in a positive value, the absolute value was 
used. The range of the absolute asymmetry score was 
between 0 (equal number of missed targets on the left 
and right side) and 12 (12 missed targets on one side and 
0 missed targets on the other side). We used the average 
asymmetry score (0.89) and standard deviation (0.80) of 
31 healthy controls to compute z-scores.

Simulated driving test. The simulated driving test 
(Spreij et al., 2020) consisted of a straight road without 
intersections or oncoming traffic projected on a large 
screen (2.13 m × 3.18 m). A steering wheel was fixed on 
a table at a distance of 90 cm from the projection screen. 
Participants were instructed to maintain their starting 
position (the center of the right lane) by using the 
steering wheel. Participants needed to adjust their posi
tion as they were “blown” of track due to “side wind” 
manipulations from both directions. The total test took 
2 minutes. Outcome measures consisted of the average 
position on the road for every 15 seconds (resulting in 8 
values in total). The total range of position was between 
−600 (the left verge) and up to 200 (the right verge), 
with 0 indicating the center of the right lane. We com
puted the absolute average deviation from 0, based on 
the 8 values. We used the average deviation (27.03) and 
standard deviation (26.70) of 36 healthy controls to 
compute z-scores.

Demographic and clinical characteristics
We collected data on sex, age, and level of education 
from the medical files. Level of education was assessed 
by using a Dutch classification system (Verhage, 1965) 
that consists of 7 levels, with 1 being the lowest (less 
than primary school) and 7 being the highest (academic 
degree). These levels were converted into three cate
gories for analysis: low (Verhage 1–4), average 
(Verhage 5), and high (Verhage 6–7). This Dutch clas
sification system is the most commonly used system in 
the Netherlands and is similar to the International 
Standard Classification of Education (UNESCO, 1997).

We extracted stroke type (ischemic, hemorrhage, or 
cerebral ischemia after subarachnoid hemorrhage), 
lesion side (left, right, both), and number of days post- 

stroke onset from the medical files. VSN has been asso
ciated with slower and poorer recovery patterns of 
motor impairment (Nijboer, Kollen et al., 2014; Katz 
et al., 1999), as well as limitations in ADL (Bosma et al., 
2019; Nijboer et al., 2013; Katz et al., 1999), postural 
imbalance (Nijboer, Ten Brink et al., 2014; Van Nes 
et al., 2009), and walking disabilities (Nijboer et al., 
2013). We extracted the scores on several clinical vari
ables that were administered at admission to test the 
association between motor impairment and VSN. 
Independence during ADL was measured with the 
Barthel Index (Collin et al., 1988). Motor strength of 
upper and lower extremities was measured with the 
Motricity Index (Collin & Wade, 1990). Independence 
during walking was measured with the Functional 
Ambulation Classification (Holden et al., 1984). 
Communication skills were measured with the 
Stichting Afasie Nederland test (Deelman et al., 1981).

We extracted scores on cognitive tests from the med
ical files, which were administered as part of 
a neuropsychological assessment as care as usual. 
Global cognitive functioning was measured with the 
Montreal Cognitive Assessment (MoCA) (Nasreddine 
et al., 2005) or the Mini Mental State Examination 
(MMSE) (Folstein et al., 1975). In order to create one 
score for global cognitive functioning, the MMSE score 
was converted into a MoCA score by using the following 
formula: MoCA = (1.124 × MMSE) – 8.165 (Solomon 
et al., 2014). In addition, memory function was mea
sured with the Rey Auditory Verbal Learning Test (Rey, 
1941), and executive functions were measured with the 
Tower Test (Delis et al., 2007).

Statistical analyses

Categorizing patients based on their performances 
on VSN tests

We translated the raw scores of each test into standar
dized z-scores using the following formulae: 
score� average score
standard deviation . The average score and standard deviation 

were based on the performance of healthy controls (shape 
cancellation, line bisection, letter cancellation, MAC and 
simulated driving test) or stroke patients without VSN 
(CBS). We averaged the z-scores of the static tests (shape 
cancellation, line bisection, letter cancellation) and the 
z-scores of the dynamic tests (CBS, MAC, simulated 
driving) to compute scores per cluster. We considered 
an average z-score of above 2 to be indicative for VSN. 
An average z-score of multiple tests provides the most 
reliable indication of a deficit, as each test is taken equally 
into account (Evans, 1996). Based on the average z-scores, 
patients were categorized as: (1) patients showing VSN on 
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tests within the static cluster and not within the dynamic 
cluster; (2) patients showing VSN on tests within the 
dynamic cluster and not within the static cluster; and (3) 
patients showing VSN on tests within both the static and 
dynamic cluster. We provided the percentage of patients 
per group. Patients were excluded when (1) data was 
missing on more than one static or dynamic test; and 
(2) they did not show VSN in both clusters (defined as an 
average z-score below 2 on tests within the static and 
dynamic cluster) during the baseline measurement 
(approximately two weeks after the VSN screening).

Comparison of demographic and clinical 
characteristics between the groups
We compared demographic and clinical characteristics 
between the three groups using non-parametric tests 
(Kruskal–Wallis non-parametric ANOVA and post-hoc 
Mann–Whitney U tests for continuous variables, and 
Chi-square test for categorical variables). Effect sizes 
were calculated for the Mann–Whitney U tests by using 
Pearson’s correlation coefficient (r). While the 
Bonferroni correction is the best-known method to 
counteract the problem for multiple comparisons, this 
correction results quickly in disregarding significant 
observations (Rothman, 1990; Simes, 1986). Therefore, 
a Benjamini-Hochberg correction was applied, which is 
considered the best approach in exploratory research 
(Benjamini & Hochberg, 1995; Thissen et al., 2002). 
The false discovery rate was set at.1 (Appendix 1a, b).

Factor structure underlying performances on VSN 
tests: Static and dynamic clusters

A Confirmatory Factor Analysis (CFA) was performed, 
using the lavaan R package (Rosseel, 2012), to confirm 
whether the underlying factor structure would corre
spond to our proposed distinction between static and 
dynamic clusters of tests. CFA explicitly tests a priori 
hypotheses about relations between observed variables 
(e.g., test scores) and an underlying factor structure 
(Jackson et al., 2009). We hypothesized that in case tests 
from the same cluster were part of the same concept 
(static versus dynamic), the data would be more consis
tent with a two-factor model than with an one-factor 
model. In an one-factor model, we assumed that there 
was one general factor underlying all test scores. In a two- 
factor model, we hypothesized that there were two factors 
underlying the test scores, namely the shape cancellation 
asymmetry score (absolute), line bisection averaged devia
tion score (absolute) and the letter cancellation asymmetry 
score (absolute) loading on the static cluster factor, and 
the CBS total score, MAC asymmetry score (absolute), and 

the average position on the road during simulated driving 
(absolute) loading on the dynamic cluster factor.

After estimating the two models, we performed 
a likelihood ratio test to compare how consistent each of 
these models are with the observed data. We also com
puted a Chi-square goodness-of-fit test (χ2) to test the 
consistency of the data with the proposed models. Four 
further fit indices were used to evaluate the models: Root 
Mean Square Error of Approximation (RMSEA), 
Standardized Root Mean Square Residual (SRMR), 
Comparative Fit Index (CFI), and the Tucker-Lewis 
index (TLI). A RMSEA and SRMR of ≤ .08 are usually 
considered adequate fit, and a CFI and TLI of ≥ .95 are 
considered good fit (Hooper et al., 2008). We used Full 
Information Maximum Likelihood (FIML) for missing 
data, which estimates the missing values based on the data.

Results

For the current study, 9 patients were excluded based on 
the following criteria: (1) no data on more than one 
static test or more than one dynamic test (n = 1); (2) the 
average z-score on tests within the static and dynamic 
cluster was below 2, which was indicative for no VSN 
(n = 8). In total, 61 patients were included.

Categorizing patients based on their performances 
on VSN tests

Based on the performances on tests within the static 
cluster and dynamic cluster, we found that 13% of 
patients (n = 8) showed VSN on tests within the static 
cluster alone, 33% of patients (n = 20) showed VSN on 
tests within the dynamic cluster alone, and 54% of the 
patients (n = 33) showed VSN on tests within both the 
static and dynamic cluster. The z-scores for each indi
vidual test are presented per group in Figure 1. The 
average z-scores per cluster are presented in Table 1.

Comparison of demographic and clinical 
characteristics between the groups

There were no significant differences in sex, age, level of 
education, stroke type, lesion side, number of days post- 
stroke onset, global cognitive functioning, memory func
tion or executive functions between the three groups 
(Table 1). We found significant differences in motor 
strength in upper and lower extremities, independence 
during ADL, and independence during walking between 
the three groups. Patients who showed VSN on tests within 
the dynamic cluster had less strength in both the upper 
(Appendix 1b; U = 8.00, z = − 2.69, p = .007, r = − .49) and 
lower extremities (U = 11.50, z = − 2.45, p = .014, r = − .45) 
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compared to patients who showed VSN on tests within the 
static cluster only. Patients who showed VSN on tests 
within both the static and dynamic cluster had also less 
strength in the upper (U = 10.00, z = − 3.12, p = .002, 
r = − .49) and lower extremities (U = 12.00, z = − 2.94, 
p = .003, r = − .46) compared to patients who showed VSN 
on tests within the static cluster only, but not compared to 
patients who showed VSN on tests within the dynamic 
cluster only. Furthermore, patients who showed VSN on 
tests within the dynamic cluster were more dependent in 
ADL (U = 15.00, z = − 2.68, p = .007, r = − .49) compared 
to patients who showed VSN on tests within the static 
cluster. Patients who showed VSN on tests within both 
the static and dynamic cluster were also more dependent 
in ADL (U = 25.00, z = − 2.68, p = .007, r = − .42) than 
patients who showed VSN on the static cluster only, but 
not compared to patients who showed VSN on tests within 
the dynamic cluster only. Finally, patients who showed 
VSN on tests within the dynamic cluster were more depen
dent during walking (U = 39.00, z = − 2.12, p = .034, 
r = − .39) than patients who showed VSN on tests within 
the static cluster. Patients who showed VSN on tests within 
both the static and dynamic cluster were more dependent 
during walking (U = 57.50, z = − 2.42, p = .015, r = − .38) 
compared to patients who showed VSN on tests within the 

static cluster only, but not compared to patients who 
showed VSN on tests within the dynamic cluster only.

To summarize, patients who showed VSN on tests 
within the dynamic cluster (alone or in combination 
with the static cluster) had poorer motor function 
(upper and lower extremities), were more dependent 
in ADL, and more dependent during walking compared 
to patients who showed VSN on the static cluster only.

Factor structure underlying performances on VSN 
tests: Static and dynamic clusters

Results of the CFA showed that the static-dynamic factor 
model was significantly more consistent with the data than 
the general factor model (χ2(1) = 7.06, p = .008), which 
indicates that the underlying factor structure corresponds 
well to our proposed conceptual distinction between 
a static cluster of tests (shape cancellation, line bisection, 
letter cancellation) and a dynamic cluster of tests (CBS, 
MAC, simulated driving). All fit indices indicated excellent 
fit for the static-dynamic factor model: RMSEA .025 and 
SRMR .043 (smaller than .08), and CFI .997 and TLI .994 
(larger than 0.95). The reliability of the static-dynamic 
factor model was considered high, since there were strong 

Figure 1. On the x-axis the three groups are depicted: (1) patients with visuo-spatial neglect (VSN) on tests within the static cluster 
alone; (2) patients with VSN on tests within the dynamic cluster alone; and (3) patients with VSN on tests from both the static and 
dynamic cluster. On the y-axis the average z-scores on each individual VSN test (shape cancellation, line bisection, letter cancellation, 
CBS, MAC, simulated driving test) is depicted. An average z-score above two (indicated by the dotted line) was used as an indication 
for VSN. The error bars represent the variability (SD).

680 L. A. SPREIJ ET AL.



factor loadings (> .7) and the explained variances were > .3 
for all tests. There was a moderate relation between the 
static and dynamic factors (estimated at .46, 95%CI [0.29, 
0.63]), which is expected since all tests measured VSN. See 
Figure 2 for a graphical representation of the static- 
dynamic factor model.

Discussion

In this study, we propose a clustering of VSN tests by 
making a distinction between static tests with low levels 
of cognitive demand and dynamic tests with high levels 
of cognitive demand. We investigated (1) whether we 
would find dissociations between patients showing VSN 

on test within the static cluster but not on tests within 
the dynamic cluster, and vice versa; (2) whether differ
ences in demographic or clinical characteristics could be 
identified between these groups of patients; and (3) 
whether the underlying factor structure would corre
spond to our proposed distinction between static and 
dynamic clusters of tests.

Indeed, there were dissociations between patients 
who showed VSN on tests within the static cluster but 
not on tests within the dynamic cluster, and vice versa. 
The majority of the patients, namely 54%, showed VSN 
on tests within both clusters, 33% only on tests within 
the dynamic cluster, and 13% only on tests within the 
static cluster. In addition, confirmatory factor analyses 

Table 1. Demographic and clinical characteristics split per group.
Patients with VSN on tests 

within static  
cluster 
(n = 8)

n Patients with 
VSN on tests within 

dynamic cluster 
(n = 20)

n Patients with 
VSN on tests within 

static and dynamic cluster 
(n = 33)

n Statistics

Sex (% male) 62.5 8 90 20 63.6 33 χ2(2, N = 61) = 4.73, p =.094
Age in years (mean, SD) 62.41 (6.30) 8 59.68 (12.10) 20 59.34 (8.58) 33 H(2) = 0.63, p =.731
Level of education (%) 8 19 32 χ2(4, N = 59) = 0.50, p =.974

Low 37.5 26.3 28.1
Moderate 37.5 36.8 37.5
High 25 36.8 34.4

Stroke Type (%) 5 18 28 Fisher’s = 2.37, p =.684
Ischemic 60 72.2 71.4
Hemorrhage 40 27.8 21.4
Subarchnoid 
hemorrhage

0 0 7.1

Lesion side (%) 7 20 33 Fisher’s = 7.20, p =.078
Left 28.6 30 6.1
Right 71.4 65 90.9
Both 0 5 3

Days post stroke (mean, 
SD)

33.13 (15.81) 8 54.55 (29.59) 20 53.61 (29.98) 33 H(2) = 5.09, p =.078

Stichting Afasie 
Nederland test, 1–7 
(mean, SD)

5.25 (1.99) 6 5.25 (1.81) 16 6.00 (1.43) 30 H(2) = 2.98, p =.225

Barthel Index, 0–20 
(mean, SD)

13.25 (4.17) 6 6.82 (4.05) 19 7.25 (4.48) 28 H(2) = 8.09, p =.018*

Motricity Index upper, 
0–100 (mean, SD)

87.00 (26.83) 5 23.86 (38.74) 14 30.48 (36.84) 27 H(2) = 10.45, p =.005*

Motricity Index lower, 
0–100 (mean, SD)

91.40 (10.99) 5 32.69 (41.59) 16 45.52 (36.09) 27 H(2) = 9.09, p =.011*

Functional Ambulation 
Categories, 0–5 (mean, 
SD)

3.69 (1.28) 8 2.65 (1.09) 20 2.22 (1.47) 32 H(2) = 7.42, p =.025*

Montreal Cognitive 
Assessment, 0–30 
(mean, SD)

15.32 (7.77) 7 20.55 (4.11) 17 18.87 (4.48) 26 H(2) = 2.82, p =.244

RAVLT Immediate recall 
0–75 (mean, SD)

27.40 (9.71) 5 34.06 (11.96) 16 34.30 (8.86) 27 H(2) = 2.21, p =.331

RAVLT Delayed recall 
0–15 (mean, SD)

5.20 (2.95) 5 6.20 (4.51) 15 6.41 (3.33) 27 H(2) = 0.81, p =.666

RAVLT Recognition 0–30 
(mean,SD)

24.60 (3.36) 5 26.80 (3.95) 15 26.22 (3.61) 27 H(2) =.2.27, p =.322

D-KEFS Tower test 0–30 
(mean, SD)

12.50 (2.07) 6 12.27 (5.06) 11 11.06 (4.39) 17 H(2) = 0.97, p =.616

Z-score on static tests 
(mean, SD)

4.03 (1.85) 8 0.78 (.81) 20 12.69 (7.98) 33

Z-score on dynamic tests 
(mean, SD)

1.06 (.63) 8 3.97 (1.84) 20 7.13 (2.90) 33

*Significant p-value based on a Benjamini-Hochberg correction (Appendix 1a). Note. that group sizes differ per variable based on the clinical data that was 
available. Abbreviations: standard deviation (SD); Rey Auditory Verbal Learning Test (RAVLT); Delis–Kaplan Executive Function System (D-KEFS).
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showed that the underlying factor structure corresponds 
to our proposed conceptual distinction between static 
and dynamic clusters of tests. Our results indicated 
coherence among tests within the same cluster (static 
and dynamic), which might suggest that these manifes
tations represent different phenotypes of VSN. How can 
we explain these dissociations? Patients showing VSN 
on dynamic tests while performing well on static tests 
seems intuitive, because of the underlying assumption 
that attentional resources are limited. In the dynamic 
tests, changing surroundings and/or multitasking may 
lead to competition for cognitive resources (Künstler 
et al., 2018; Rengachary et al., 2009; Schaefer, 2014; 
Ten Brink et al., 2018), and performance will suffer 
when attentional abilities are weakened (Bonato, 2012, 
2015; Bonato et al., 2010). The subset of patients who 
showed VSN on static tests only might be harder to 
explain. Possibly, these patients benefit from the 
dynamic nature of more ecological-valid tests, due to 
motivation or multisensory stimulation (Tinga et al., 
2015). Another explanation might be a phenomenon 
known as stochastic resonance (Moss et al., 2004; 
Söderlund & Sikström, 2008). Hence, where some 
patients are disturbed by noise (external distractors) 
during cognitive tasks, others benefit from noise as it 
increases the level of arousal or general responsivity 
(Manly et al., 2002; Söderlund et al., 2007). Previous 
research in children propose a framework where atten
tional abilities are found to be the key factor to explain 
such differences (Söderlund et al., 2010, 2007). More 
attentive children are disturbed by noise, whereas inat
tentive children benefit from noise. The possibility that 

attention can be improved by the careful addition or 
reduction of external stimuli might be of great clinical 
significance. A similar framework for patients with VSN 
might have great impact in determining the appropriate 
rehabilitation approach.

We did not find differences in demographic or stroke 
characteristics between patients showing VSN on tests of 
different clusters. As for clinical characteristic, motor 
function (i.e., strength in upper and lower extremities, 
walking abilities, ADL dependence) was the only distinct 
factors between the patient groups, and was more 
impaired in patients who showed VSN on tests within 
the dynamic cluster (with or without VSN on test within 
the static cluster). Tests within the dynamic cluster do 
have stronger motor components compared to the paper- 
and-pencil tests within the static cluster, especially when 
it comes to motor strength. Even though motor impair
ment could hamper performance on a cancellation test, it 
is likely to have a larger impact on dressing (CBS) or 
moving through a corridor (MAC). Motor tasks require 
more attention when motor functions are impaired, 
which will likely compromise the simultaneous execution 
of a different task (e.g., detecting stimuli on the contrale
sional side of space) (Schaefer, 2014). For example, it is 
likely that attention for relevant stimuli while walking is 
lower for people who have motor impairment, as not 
falling or bumping has a higher priority. Our findings 
must be interpreted with caution given the small sample 
size of the group showing VSN on tests within the static 
cluster alone (n = 8). In addition, their z-score on the CBS 
was 2.82 (above the cutoff of 2, Figure 1), while their 
average z-score for the dynamic cluster was 1.06 (below 

Figure 2. A graphical representation of the static-dynamic factor model, supporting our proposed distinction between static and 
dynamic cluster of tests.
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the cutoff of 2, Table 1) when taken the MAC and 
simulated driving test into account. This indicates that 
this group did not purely show VSN on static tests alone. 
However, we used the average z-scores as this is similar to 
clinical practice, where a cognitive deficit is never diag
nosed based on the performance on one single test but 
instead, the complete picture of test results and observa
tions is taken into account.

Strengths and limitations

A strength of this study is the large cohort of patients 
with VSN from whom we collected within-subject per
formances on an extensive selection of tests, including 
paper-and-pencil tests, an observational scale, 
a quantified test in a real-life environment, and 
a virtual reality test. A limitation of this study is the 
relatively selective sample of patients, namely patients 
who were admitted for inpatient rehabilitation care. In 
the Netherlands, patients are admitted to inpatient reha
bilitation when a safe discharge to home is not achiev
able from the hospital within 5 days. Patients should, 
however, be vital enough to participate in multidisci
plinary therapy. In general, this patient population is 
relatively young and moderately impaired. For this rea
son, the current results might not generalize to an older 
and/or more severely impaired population. 
Furthermore, our sample of patients received inpatient 
rehabilitation including VSN treatment (one hour visual 
scanning training per week combined with ongoing 
feedback of nurses, occupational and physical therapists 
to enhance attention to the neglected side). Since the test 
session was conducted two weeks after admission, 
(spontaneous) recovery or successfully applied compen
sation strategies might have affected test performances.

Note, that the number and position of lines used in 
a line bisection task vary between studies. The line bisec
tion test in our study was based on the Behavioral 
Inattention Test (Wilson et al., 1987). Participants were 
asked twice to bisect three lines that were presented in 
a staircase fashion across the screen (from lower left to 
the upper right). Previous research has shown differences 
in visuospatial attention in the left versus the right hemi
space (Kesayan et al., 2018; Ochando & Zago, 2018), as 
well as the upper versus the lower hemispace (Suavansri 
et al., 2012). In our study, we used the overall magnitude 
of the attentional bias (the average deviation of the six 
lines) without analyzing the performances per line. 
Furthermore, most patients used their dominant hand 
(85% dextral) to perform the static tests on the tablet, yet 

four patients (all dextral) used their non-dominant hand 
as their stroke affected their dominant hand. Previous 
studies on pseudoneglect in neurologically healthy parti
cipants showed that handedness affected bisection errors, 
with dextral participants deviating slightly further to the 
left than sinistral participants (Jewell & McCourt, 2000). 
Leftward bisection errors are even more substantial when 
dextral subjects use their left (non-dominant) hand 
(MacLeod & Turnbull, 1999; Ochando & Zago, 2018). 
However, effects of pseudoneglect in neurologically 
healthy participants are much smaller than effects of 
VSN after stroke and, therefore, we do not expect that 
the hand used to bisect affected our results.

Clinical implications

We already know from extensive research and clinical 
insights that VSN is not easily assessed nor that design
ing a VSN test battery is an easy job, due to its hetero
genic nature, complex manifestations, and fluctuations 
over time and tests. Several reviews have been published 
discussing the assessment of VSN (Bowen et al., 1999; 
Menon & Korner-Bitensky, 2005; Plummer et al., 2003), 
its ecological validity (Azouvi, 2017), and the added 
value of computer-based testing (Schendel & 
Robertson, 2003) and Virtual Reality (Ogourtsova 
et al., 2017; Pedroli et al., 2015; Tsirlin et al., 2009). 
Consensus has only been reached on the fact that the 
assessment of VSN should always consist of several tests, 
as several tests are more likely to detect VSN. This study 
suggests the same, and again stresses the importance to 
include tests varying in levels of cognitive demand in 
order to capture VSN after stroke. Even though 
dynamic tests seem more challenging to be adminis
tered in patients with motor problems, it seems, based 
on our results, of great importance to test those patients 
in a dynamic manner. In patients with comorbidity, 
clinicians should administer VSN tests that specifically 
challenge the weakened abilities (e.g., motor, cognitive). 
Such tests would offer a more sensitive assessment of 
VSN in patients showing well-compensated or “recov
ered” VSN on static paper-and-pencil tests.

Future research

We defined cognitive demand as the level of cognitive 
resources that are required to execute a task, varying as 
a function of task complexity (Tsaparli, 2014). Task 
complexity can be directly related to task features that 
increase information load, information diversity, or rate 
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of information change, which determines the required 
cognitive demands (Campbell, 1988; Liu & Li, 2012). 
Furthermore, it is useful to distinguish between the 
objective and subjective task complexity, where the lat
ter is defined as a function of the interaction between the 
task and task performer characteristics (e.g., knowledge, 
skills) (Liu & Li, 2012). In this study, we did not directly 
investigate objective or subjective task complexity and 
the related cognitive demand. By using an experimental 
paradigm, future research should focus on investigating 
cognitive demand by applying a staircase procedure to 
determine a threshold level of individual cognitive 
demand per test. This would provide more insight in 
the subtle difference between static and dynamic tests 
regarding the level of cognitive demand. The concepts 
of static and dynamic tests might then better be repre
sented on a static-dynamic continuum with on one side 
static tests and on the other side dynamic tests with 
increasing levels of cognitive demand (Figure 3).

Furthermore, it might be useful to cluster tests of 
VSN based on other underlying concepts than the 
level of cognitive demand (e.g., clinical subtypes, 
involved cognitive processes). For instance, VSN is 
known as a heterogeneous syndrome involving different 
clinical subtypes that vary in modality (visual, auditory, 
or tactile), frame of reference (egocentric or allocentric) 
and region of space (personal, peripersonal or extraper
sonal) (Corbetta, 2014; Rode et al., 2016; Van der Stoep 
et al., 2013). Another well-known theoretical distinction 
of VSN is the perceptual-attentional VSN (patients fail 
to attend contralesional stimuli) or action-intention 
VSN (patients who are aware of contralesional stimuli, 
but fail to act on these stimuli) (Bartolomeo et al., 1998). 
Each test targets a different clinical subtype, such as 
cancellation tests targeting peripersonal VSN and the 
CBS targeting peripersonal, extrapersonal as well as 
personal VSN (Azouvi et al., 2003; Menon & Korner- 

Bitensky, 2005; Ten Brink et al., 2016). Other underlying 
concepts might be the different types of cognitive pro
cesses that are involved during a test. For instance, line 
bisection requires patients to estimate the size of an 
object, regardless of their location in reference to the 
individual (allocentric processes), while cancellation 
tasks requires visual search within a display of various 
stimuli (egocentric processes) (Ferber & Karnath, 2001; 
Van der Stigchel & Nijboer, 2017). Furthermore, stimuli 
on the contralesional side might not be perceived when 
stimuli are presented simultaneously on the ipsilesional 
side (i.e., extinction, suppression/reciprocal inhibition 
hypothesis) (Heilman et al., 1984), which might be more 
often the case in dynamic tests due to more environ
mental distractors. Hence, the cognitive processes that 
are involved in our selection of static and dynamic tests 
differ between tests. Thus, even though we made clusters 
based on whether a test was static or dynamic, tests of 
VSN can also be clustered based on clinical subtypes or 
underlying cognitive processes that are involved while 
performing the tests. In a larger cohort of patients with 
VSN and by including more VSN tests, data-driven 
machine learning analyses might reveal which tests 
would cluster together. Data-driven analyses allow 
a generation of new hypotheses. This would aid clini
cians to gain a better understanding on how different 
tests of VSN relate to each other, and more importantly, 
a better understanding of VSN and its phenotypes. The 
choice of treatment could be based on this knowledge.

Finally, damage in several distinct brain regions has 
consistently been associated with VSN, such as several 
cortical and subcortical regions of the right hemisphere, 
including the middle and superior temporal gyrus, infer
ior parietal lobule, intraparietal sulcus, precuneus, middle 
occipital gyrus, caudate nucleus, and posterior insula, as 
well as in the white matter pathway corresponding to the 
posterior part of the superior longitudinal fasciculus 

Figure 3. A hypothetical static-dynamic continuum of assessments of VSN with on the one side static tests with low levels of cognitive 
demands and on the other side dynamic tests with increasing levels of cognitive demand. Examples of tests used in the current study 
are shown on the continuum.
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(Molenberghs et al., 2012). Different brain regions have 
been associated with impairments in different tests 
(Karnath & Rorden, 2012), and similarly, specific clinical 
subtypes of the VSN syndrome (Molenberghs et al., 
2012). Future research could address whether damage 
in distinct brain regions might underly manifestations 
of VSN on static or dynamic tests.

Conclusions

In this study, we investigated the conceptual distinction 
between static and dynamic tests in a large cohort of 
patients with VSN. We found that manifestations of 
VSN may vary between patients, and in a given patient, 
according to the type of test that was used (static versus 
dynamic). Moreover, patients showing VSN on tests 
within the dynamic cluster had poorer motor function, 
poorer walking abilities and were more ADL dependent 
than patients showing VSN on the static cluster. 
Confirmatory factor analyses showed that the under
lying factor structure corresponds to our proposed con
ceptual distinction between static and dynamic clusters 
of tests. As some patients show VSN on static tests but 
not on dynamic tests, and vice versa, we advise to 
include static paper-and-pencil tests as well as dynamic 
tests as part of a VSN battery in usual care. Future 
research involving experimental and data-driven 
approaches might result in a better understanding on 
how different tests of VSN relate to each other, and 
more importantly, a better understanding of VSN and 
its phenotypes.
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Appendix 1.  
Benjamini-Hochberg Method

The Benjamini–Hochberg method consists of several steps: (1) put the individual p-values in order, from smallest to largest; (2) 
assign ranks to the p-values; (3) calculate each individual p-value’s Benjamini-Hochberg critical value, using the formula (i/m)Q, 
where: i = the individual p-value’s rank, m = total number of tests, Q = the false discovery rate (in our case.1); (4) compare the 
original p-values to the Benjamini-Hochberg critical values. Find the largest p-value that is less or equal to the critical value. All 
the p-values above are also significant.

Appendix 1a. Benjamini-Hochberg correction that is applied to the multiple comparisons of 
demographic and clinical characteristics between the groups.

Comparisons p-values Rank
Benjamini-Hochberg 

critical value

Motricity Index upper .005 1 (1/16).10 =.006
Motricity Index lower .011 2 (2/16).10 =.013

Barthel Index .018 3 (3/16).10 =.019
Functional Ambulation Categories .025 4 (4/16).10 =.025
Days post stroke .078 5 (5/16).10 =.031
Lesion side .078 6 (6/16).10 =.038
Sex .094 7 (7/16).10 =.044

Stichting Afasie Nederland test .225 8 (8/16).10 =.05
Montreal Cognitive Assessment .244 9 (9/16).10 =.056

RAVLT recognition .322 10 (10/16).10 =.063
RAVLT immediate recall .331 11 (11/16).10 =.069

D-KEFS Tower Test .616 12 (12/16).10 =.075
RAVLT delayed recall .666 13 (13/16).10 =.081

Stroke type .684 14 (14/16).10 =.088
Age .731 15 (15/16).10 =.094
Level of education .974 16 (16/16).10 =.1

The largest p-value ≤ critical value is depicted in bold. All the p-values above are also significant. Abbreviations: 
Rey Auditory Verbal Learning Test (RAVLT); Delis–Kaplan Executive Function System (D-KEFS).

Appendix 1b. Benjamini-Hochberg correction that is applied to the post-hoc Mann Whitney 
U tests for comparing the significant clinical characteristics (Motricity index upper and lower, 
Barthel index, Functional ambulation categories) between the groups.

Comparisons (groups*) p-values Rank
Benjamini-Hochberg 

critical value

Motricity Index upper (1–3) .002 1 (1/12).10 =.008
Motricity Index lower (1–3) .003 2 (2/12).10 =.017

Barthel Index (1–2) .007 3 (3/12).10 =.025
Motricity Index upper (1–2) .007 4 (4/12).10 =.033

Barthel Index (1–3) .007 5 (5/12).10 =.042
Motricity Index lower (1–2) .014 6 (6/12).10 =.05

Functional Ambulation Categories (1–3) .015 7 (7/12).10 =.058
Functional Ambulation Categories (1–2) .034 8 (8/12).10 =.067
Functional Ambulation Categories (2–3) .189 9 (9/12).10 =.075

Motricity Index lower (2–3) .349 10 (10/12).10 =.083
Motricity Index upper (2–3) .524 11 (11/12).10 =.092

Barthel Index (2–3) .931 12 (12/12).10 =.1

The largest p-value ≤ critical value is depicted in bold. All the p-values above are also significant. 
*Patient group that showed VSN on static cluster (group 1), Patient group that showed VSN on the dynamic cluster 

(group 2), Patients groups that showed VSN on both the static and dynamic cluster (group 3).
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