Neurological Sciences
https://doi.org/10.1007/510072-019-04218-2

ORIGINAL ARTICLE

®

Check for
updates

The Visual Scanning Test: a newly developed neuropsychological tool
to assess and target rehabilitation of extrapersonal visual unilateral
spatial neglect

Marco Borsotti' - Irene Eleonora Mosca' @ - Francesca Di Lauro? - Silvia Pancani’ - Cristiano Bracali? - Tomas Dore? -
Claudio Macchi' - Francesca Cecchi’ - the IRCCS Don Gnocchi Stroke Group

Received: 11 July 2019 / Accepted: 20 December 2019
© Fondazione Societa Italiana di Neurologia 2020

Abstract

Purpose Visual unilateral spatial neglect (VUSN) is a neuropsychological condition commonly experienced after stroke whereby
patients are unable to attend to stimuli on the controlesional side of their space. VUSN can occur in the personal, peripersonal,
and/or extrapersonal portion of patient’s space. Traditional paper-and-pencil neuropsychological tests are widely used to evaluate
VUSN, but they assess peripersonal VUSN. Instead, personal and extrapersonal neglect are less easily evaluated. The aim of this
study was to present normative values for the Visual Scanning Test (VST), a new neuropsychological tool to quantitatively assess
the extrapersonal VUSN.

Methods Eighty-six healthy subjects took part in the study (61 female), with a mean age of 52.8 years (SD = 17.0) and a mean of
14.0 years of education (SD = 5.2). The VST involved a visual search for a target between similar visual distractors, projected in
the far space. The test was administered twice to each participant, with an interval of 2 weeks. From the recorded data, it was
possible to obtain indexes related to the reaction times and to the accuracy of the performance on the VST.

Results Multiple linear regression analysis revealed that age and education significantly influenced VST-derived indexes. From
the regression analysis, a correction grid for raw scores was built. Adjusted scores were then ranked, and by means of a non-
parametric procedure, tolerance limits (both outer and inner one-sided) were defined.

Conclusions The present study provided normative data for the VST in an Italian population useful for both clinical and research
purposes.

Trial registration ClinicalTrials.gov ID: NCT03931798

Keywords Unilateral spatial neglect - Neuropsychological assessment - Visual Scanning Test - Extrapersonal space - Normative
data

Introduction actions in the controlesional side of the space [2] in absence of

a lower-level sensory or motor deficit (e.g., hemianopsia,

Unilateral spatial neglect (USN) represents one of the most
frequent and disabling neuropsychological consequences of
acute brain damage [1]. Its core feature is represented by pa-
tients’ impairment to perceive sensory events and to perform
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hemiplegia, and hemianesthesia) [3, 4].

The negative consequences on the activities of daily living
are largely comparable between left and right-sided neglect [5,
6], although several studies found that controlesional USN is
more frequent and more severe in right than left parietal dam-
age [5—7]. Indeed, USN represents one of the major predictors
for poor functional outcome following stroke [8, 9].

Due to its prominent impairment, USN has broadly been
studied in the visual modality [10], even if the varied patterns
of impairment suggest that USN can be conceived as a com-
plex syndrome [2]. Patients with visual USN (VUSN) fail to
react to visual events that occur in the controlesional side, as
well as to orient and move toward them [2]. Furthermore,
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patients’ affected limb could be less used [3]. VUSN can
affect patient’s own controlesional body (personal neglect),
into the near space within reaching distance (peripersonal) or
space beyond reaching distance (far extrapersonal space) [11,
12]. For example, patients with personal USN may fail to
dress the controlesional side of their body, whereas patients
with peripersonal USN may eat only half of the food in their
plate [13]. Finally, patients with extrapersonal USN might
collide with obstacles on the left side of the space [13] or fail
to reach for far objects while they are walking [14]. Those
portions of space may dissociate, and patient may show
extrapersonal VUSN without alterations on the other portions
of space (i.e., personal and peripersonal) [7, 15].

Traditional paper-and-pencil neuropsychological tests are
useful and widely used to evaluate spatial neglect, and the type
of task used can reveal selective patterns of impairment [16,
17]. Several instruments can provide an assessment of
peripersonal VUSN [7, 18]. In fact, this portion of space can
be assessed through line bisection, cancelation, or copy tasks
which are normally completed within reaching distance
[18-20]. Instead, personal and extrapersonal neglect are less
easily evaluated. To the best of the authors’ knowledge, both
personal and extrapersonal VUSN deficits can be assessed
through, respectively, the Fluff Test [21] and the Catherine
Bergego Scale (CBD) [22]. Particularly for the latter, even if
its psychometric strength is widely acknowledged, the time
involved in observing a patient while he is completing 10
activities of daily living (such as grooming, dressing, or
wheelchair driving), remains a major limitation to the use of
the test. In fact, CBD may represent a useful indicator about
the effectiveness of a therapeutic intervention, but it may re-
sult inappropriate as a neuropsychological assessment [23].
Recently, normative data for a distal version of a line bisection
test have been proposed by Facchin and colleagues (2016), in
which the patient was required to bisect distal lines in the
extrapersonal portion of space [24]. This test is widely used
in clinical setting, although its validation in extrapersonal
space showed a lower reliability with the increase of the length
of'the lines, according to other bisection task studies [24]. The
need for a valid and rigorous assessment procedure designed
to detect extrapersonal neglect is broadly recognized [25]. In
addition, the lack of specific tools may lead to lower detection
rates for USN in patients in clinical setting and to miss poten-
tial dissociation in patient’s portion of space [23-25].
Furthermore, the misdiagnosis of the whole spectrum of
VUSN disorders raises relevant clinical implications because
after being discharged, patients may return to the pre-morbid
activities, such as driving or walking on the street, without
being completely aware of the related risks [26]. Finally,
paper-and-pencil tests can detect only a moderate or even
severe deficit due to VUSN but not a mild impairment [26,
27] and they are not informative about patients’ disability in
natural setting [28]. According to these limitations of
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traditional paper-and-pencil tests, several studies have shown
that computerized reaction time tasks are more sensitive in the
detection of lateralized spatial attention deficits in patients
with mild or remitted VUSN [23, 26, 29]. The aim of this
study was to present and standardize a new neuropsycholog-
ical tool that quantitatively assesses VUSN in the
extrapersonal portion of space, analyzing the reaction times
and the accuracy of patient’s performance.

Methods
Test construction

According to the attentional theory originally proposed by
Posner [30], USN is caused by a defective disengaging in
spatial attention from ipsilesional stimuli [31]. Posner (1984,
[30]) observed that patients with parietal-lobe damage were
slowed down in the detection of a spatial pre-cued target oc-
curred in the controlesional visual field that directed attention
to the ipsilesional hemifield. Those observations led Posner to
hypothesize that parietal damages could produce a “hyper”-
attentional bias toward the ipsilesional hemispace that con-
trasts with the detection of controlesional stimuli [30].

According to this “hyper” attentional disengaging, a more
recent theory supports that patient with VUSN may show an
altered visual exploration due to an abnormal inhibition of re-
turn (IOR) [31, 32]. The IOR phenomenon states that in healthy
subjects, the information processing of stimuli that occurs in an
already inspected spatial location requires a wider response
time [32], in order to promote the exploration of the visual
scene through the inhibition of repeated orientation toward the
same locations [33]. Therefore, due to an altered reallocation of
spatial attention, patients with VUSN may have an impaired
IOR and, consequently, a reduced visual exploration [34].

Several approaches aimed to increase the efficiency of the
attentional distribution in the space [35]. To note, those works
were mainly focused on the neuropsychological rehabilitation
and to the best of the authors’ knowledge, there are no specific
assessments to detect visual searching disturbances in the far
space. In fact, as described above, different neuropsychologi-
cal instruments can assess this “hyper”-attentional bias [7, 8,
30], even if the major part of paper-and-pencil tests widely
used are sensitive in the detection of VUSN in the peripersonal
spatial dimension [7].

Test description

The Visual Scanning Test involved a visual search for a target
(S) between similar visual distractors ($), projected in the far
space. The VST required the presence of a blank wall and a
projector, and to be carried out, participants must be positioned
in a manner to reproduce a visual field of 52° x 45° [36].
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The VST is composed by four trials, respectively named
Al, B1, Cl1, and D1, each of them consisting of 20 visual
search tasks. The overall VST is presented in sequence to
the participant: that is, across the same session, all four trials
Al, Bl, Cl1, and D1 are entirely and subsequently adminis-
tered to the participant. On about the 80% of cases, the test
provided the presence of the target on the left, center, or on the
right hemispace (see Table 1 for the frequency of the target on
the left hemispace). In the remaining 20% of cases, the test
provided the presence of a catch trial defined “False alarm,”
that is absence of the target, to assess the presence of frontal
disturbances or malingering. The response to the “False
Alarm” condition may be correct, if the patient correctly iden-
tifies the absence of the target, or wrong, if the patient reports a
detection of the absent target. Across the four trials, the test is
constructed according to an increasing attentive load for the
target on the left-hemispace.

Firstly, patients were required to look at a fixation point (a
colored star in the middle of the visual field) to always ensure
the same starting position. After the start provided by the
experimenter, participants were required to actively and freely
explore the visual field to search for the visual target. During
the visual search, patients were shown a screen containing
dollar symbols ($), they were instructed to detect the presence
of a letter (S), and naming its identification (saying YES or
NO). Two types of errors could be made:

» Saying “NO” during the visual search in cases where the
target was present (“Miss”);

» Saying “YES” during the visual search in cases where the
target was not present (“False alarm”).

Each participant started the chronometer with a button
when he/she moved from the fixation point to the visual
search and stops it when he has completed the visual search.
Then, the experimenter recorded the following: the reaction
times (RTs) from the beginning of the visual search until par-
ticipant’s answer across each trial and the correct detection of
the target (HITs), through a dedicated response form.
Specifically, the experimenter was required to draw a sign (/)
in case of error.

As VUSN is a syndrome characterized by a deficit in per-
ception on the side of space opposite the lesion, it may deter-
mine both difficulties and slowness in orienting toward,
responding to, and reporting stimuli that occur at the

Table 1 Frequency of the targets in each trial
Space/CT Target presence (%)

Trial A Trial B Trial C Trial D
Left side 20% 30% 40% 50%

controlesional side of space [37]. For this reason, four indexes
suggestive of possible asymmetries between hemispaces were
analyzed in this work, with a specific focus on the speed and
accuracy in the detection of the stimuli presented on the left
extrapersonal portion of space:

—  Space Asymmetry index due to time (SAI Time), where
RTs mean represents the RTs average value over the four
trials

RT mean left—-RT mean right

SAltime = -
Time ™ RT mean left + RT mean right

— Space Asymmetry index due to accuracy (SAI HITs),
where HITs mean represents the accuracy average value
over the four trials

HITs mean left—HITs mean right

SAlurrs =
M ™ HITs mean left + HITs mean right

— False Alarm RTs, consisting in the time over the four
trials of the visual search in the “False alarm” conditions
(answer “YES,” where the target does not exist, False
Alarm-RTs);

— The number of non-existing targets identified in the
“False alarm” conditions (answer “YES,” where the tar-
get does not exist, False Alarm).

Both SAI time and SAI HITS formulas give a representa-
tive value of the participant’s performance, weighed on the
patient’s global capacity. For both indexes, values tending to
1 presuppose a predilection for the space on the left (e.g.,
longer reaction times and/or greater accuracy), and values
tending to — 1 are indicative of a preponderance for the right
space. To provide further measures of False Alarm, the num-
ber of non-existing targets identified and the relative RTs were
measured.

Sample

Eighty-six healthy subjects took part in the study (61 females),
with a mean age of 52.8 (SD =17.0, range 25-85) and a mean
of 14.0 years of education (SD = 5.2, range 3-31). The sample
size was defined according to Capitani, E., & Laiacona, M.
(2017, [38]) which identified in 75 subjects the smallest size
required to define an outer and inner limit. In this study the
sample was increased by 15% to account for possible drop-
outs or missing data. The distribution of demographic data is
shown in Table 2. Participants were naive as to the purpose of
the VST; none of them reported past or present neurological or
psychiatric diseases, as well as visual disturbances. The pres-
ence of myopia or astigmatism did not represent an exclusion
criterion if they were corrected by the use of glasses. Each VST
was administered twice to each participant, with an interval of
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Table2 Demographic distribution

Age n Mean age (SD) Mean School Gender (F/M)
attendance (SD)

25-45 29 324 (4.9) 16.2 (3.0) 19/10

46-65 35 57.1 (7.0) 13.9 4.7) 25/10

66-85 22 72.8 (5.5) 11.0 (6.8) 17/5

Total 86 52.8 (17.0) 14.0 (5.2) 61/25

2 weeks, and the average value of the two tests was retained for
further analysis, after having verified the reliability of data ob-
tained through a test-retest assessment. Pearson » or Spearman
rtho coefficients were used for this purpose, according to data
normal or not-normal distribution. Coefficient> 0.7 was
deemed as acceptable.

All participants took part in the study on a voluntary basis
after having provided their written informed consent and with-
out receiving any reward. The research protocol was agreed
according to the local regulations and complied with APA
ethical standards.

Statistical analysis

Given our sample size, outer and inner tolerance limits were
fixed, respectively, based on the values of the first and ninth
ranked scores, after demographic adjustments. Participants’
ability to detect the target during the administration of VST
(discriminability: D’) or the participants’ response bias (re-
sponse criterion: C), the signal detection theory was applied
[39]. Signal detection measures allow for the separation of
sensitivity level and decision level, with the d’ parameter
reflecting the subject’s accuracy to discern an event (here,
the presence of the target) from its background (distractors),
and the C parameter reflecting the subject’s decision criterion
of response. D’ and C values were calculated using mean raw
accuracy data through the software Statilite (version 1.05,
http://www.cabiatl.com/mricro/stats/index.html). Accuracy
data were represented by the hits rates relative to total
performance and isolated performance in the right and left
space. We estimated a mean d’ for each group of age from
data. According to Macmillan and Creelman, a larger d’ was
associated to a higher sensitivity of the group in
discriminating the presence of the target among distractors
[39]. In the following analyses, data were examined using
SPSS version 25 (SPSS Inc., Chicago, IL, USA). A multiple
linear regression model was first applied to test the
independent effects of age, sex, and education on the above
mentioned indexes. The best fitting linear model for each
index was sought to adjust original scores according to the
demographic variables found to be associated with each
index (p <0.05). The effect of education level was explored
after logarithmic, quadratic, and reciprocal transformation,
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while age was included in the models after logarithmic
transformation: “log(100-age),” as suggested by Capitani
et al. (1997, [40]). Corrected scores were calculated by
adding (or subtracting) the contribution of each variable for
each age group (2545, 4665, 66-85) and/or education level
(<5 years, 6-13 years, > 14 years) [41]. Based on the obtained
results, correction grids were created. No adjustment was
made to the top end of the scale, to avoid errors due to the
fixed upper limit of the test scores. Adjusted scores were then
ranked, and tolerance limits (both outer and inner one-sided)
were defined. Due to the non-normal distribution of some of
the adjusted indexes, a non-parametric procedure [42] was
adopted. Above the outer tolerance limit, it is expected to find
at least 95% of the normal population (with 95% confidence),
while above the inner tolerance limit, it is expected to find at
most 95% of the population (with 95% confidence). The
scores falling between the outer and inner tolerance limits
are defined “borderline scores’ because a controlled judgment
cannot be expressed.

Results

Table 3 contains the descriptive statistics of the variables in-
cluded in the analysis. From the results shown in Table 3,
participants’ performance appeared to be tendentially more
rapid and accurate on the left side during the entire adminis-
tration of the VST (respectively, SAI-RTs and SAI-HITS).
Moreover, an increased latency in reaction times under the
conditions of “False Alarm” and a very high average level
of accuracy were found.

Figures 1 and 2 reported d’ and ¢ values among groups of
different age. Participants showed a high sensitivity in detect-
ing the target among distractors and their performances ap-
peared to be an effective ceiling. Furthermore, participants
demonstrated an overall response tendency to say “yes” (i.e.,
presence of the target).

Table 3 Descriptive statistics of the variables included in the analysis
Index Mean +SD
Median (IQR)
SAI Time (in s) -09+0.1
SAI HITS (number of correct answer) —0.003+0.048
False Alarm-RTs (in s) 41+15
False Alarm (% of correct rejection) 100.0 (0.0)

The table contains the descriptive statistics of sample performances and
their unit. SAI TIME (in s) represents RTs average value over the four
trials; SAI HITS (accuracy) represents the average value over the four
trials of correct responses; False Alarm RTS (in s) represents the time over
the four trials of the visual search in the “False alarm” conditions; False
Alarm represents the number of non-existing targets identified in the
“False alarm” conditions
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Fig. 1 D’ values among group of
age

6 539 553 553
5
[
4
3
2
1
0
Hits right

The regression analyses showed that the logarithmic trans-
formation of age [log10(100-age)] and the education or the
reciprocal transformation of education (in years) were the
most effective in reducing residual variance. SAI RTs was
not influenced by age nor education. On these bases, we cal-
culated the best linear models relating the dependent variable
with the most suitable transformations of independent vari-
ables (Table 4 contains the age and education best
transformations and models used).

To adjust the performance of each newly tested individual,
correction factors were then derived (see Table 5), except
when no external factors influenced the performance (e.g.,
age for SAI RT¥). It was not possible to define the correction
for people with equal or less than 5 years of schooling be-
cause, according to the Italian legislative system (law
1859/62), it is compulsory to attend school at least up to
16 years of age.

Finally, Table 6 reports the outer, the border, and the inner
limits. These limits could not be defined for SA/ HITs as, in

1.12 1.12
0.93
0.8
0.6
0.4
0.2
0

Hits right

Fig. 2 C values among group of
age

D' values
6.18 6.18
564 553 5.76
3.93
W 25-45
46-65
H66-86
Hits left Hits total
Accuracy

accordance with the procedure proposed by Capitani and
Laiacona (2017, [38]), the number of observations for the
event analyzed was less than 75.

Discussion

The Visual Scanning Test is a new neuropsychological instru-
ment based on a perceptual tasks that investigate extrapersonal
space. Due to the lack of neuropsychological instruments to
assess visual searching in the far space, the VST may be used
to detect visual searching alterations and the availability of
normative data allows its utilization in clinical practice.
From a theoretical point of view, this test may represent a
suitable tool to detect an abnormal visual exploration due to an
“hyper attentional bias” toward stimuli localized in a specific
hemifield [30] and reduced IOR [32], analyzing both the RTs
and the accuracy. Particularly, being patients with VUSN less
accurate or slower in orient toward, respond to and report

C values
1.12
1.07 Lol
0.8 0.8

W25-45

46-65

H66-86

0.09
Hits left Hits total
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Table 4 Age and education best linear models

Table 6 Non parametric tolerance limits of the adjusted scores

Index Best linear model R R? P Outer limits ~ Borderline scores ~ Inner limits
False Alarm-RTs  Raw score+4.341 0.254 0245 <0.001 False Alarm-RTs >7.83 7.82-6.29 <6.28

[log;(100-age)-1.643] SAI RTs >0.16 0.15-0.03 <0.02
SAIRTs B - - SAI HITS - - -
SALHITS - - N N False Alarm-HITs ~ <88.85 88.86-99.99 =100
False Alarm-HITs Raw score-3.897 0.100 0.089 0.003

[log10(100-age)-1.643]

stimuli that occur in the controlesional side of space [37], VST
may be used in patients to detect symptoms of extrapersonal
VUSN. Together with the accuracy and the RTs, the increas-
ing attentional load for the target on the left-hemispace may
represent an index of VUSN. Similarly, the indexes of spatial
asymmetry due to the time and to the performance may be
informative regarding the presence of a decreased or slowed
down performance over the four trials in a particular
hemispace. Finally, RTs of CT may contribute to provide an
articulated and quantitative evaluation of a slowed
performance.

The assessment of visual search speed and accuracy in
extrapersonal VUSN may have ecological implication.
Patient with extrapersonal VUSN might collide with obsta-
cles on the left side of the space [13] or fail to reach for far
objects while they are walking [14], so a rigorous assessment
of these difficulties can provide information relevant to the
rehabilitation project. The VST provides several advantages:
firstly, its ease and quick administration. In fact, the entirely
VST requires on about 20 min, according to patient’s perfor-
mance rapidity. Furthermore, this test gives the possibility to
define four indexes based on patient’s performance. As de-
scribed above, these indexes are informative the presence of
asymmetry in the visual exploration in the far space both
regarding the speed and the accuracy. However, this study
presents some limitations: the first limitation is represented
by a reduced normative sample. As described in the statistical
analyses, in accordance with the procedure proposed by
Capitani and Laiacona (2017, [38]), the number of partici-
pants is tending low, sometimes so that it is not sufficient
for the calculation of some indexes (e.g., SAI HITs and
False Alarm RTs). Further study may implement the

Table 5 Correction grid for indexes

Age (years)

25-45 4665 66-85
False Alarm-RTs 0.81 -0.07 -0.95
SAI RTs - — _
SAI HITS - - -
False Alarm-HITs -0.72 0.06 0.85
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normative sample, in order to increment the statistical power
of the VST. Therefore, the obtained results should then be
considered in the context of the patient’s overall neuropsy-
chological performance. The focus on the above mentioned
indexes derived from participants’ performances through the
VST administration represents a methodological choice. In
fact, in future works, it would be interesting to assess VST
outcomes sensitivity to discriminate between healthy partici-
pants and patients (by using ROC curve analysis), and to
identify which indexes are more sensitive in the detection of
VUSN symptoms in clinical setting, to support the neuropsy-
chological rehabilitation project. According to the statistic,
the evaluation of both convergent and divergent validity com-
pared with other validated and widely used in clinical practice
neuropsychological instruments is needed in order to increase
the psychometric validity of VST. Finally, other limitations
are represented both by the apparatus required to carry out the
VST, because it needs an adequate room with a blank wall
and also a projector, and by the manual scoring system to
obtain all the above mentioned indexes that might be too
much time-demanding. To overcome this latter limitation,
an automatic scoring system should be implemented in fur-
ther studies.
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