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Abstract

Representational neglect, which is characterized by the failure to report left-sided details of a mental image from memory,
can occur after a right hemisphere lesion. In this study, we set out to verify the hypothesis that two distinct forms of
representational neglect exist, one involving object representation and the other environmental representation. As
representational neglect is considered rare, we also evaluated the prevalence and frequency of its association with
perceptual neglect. We submitted a group of 96 unselected, consecutive, chronic, right brain-damaged patients to an
extensive neuropsychological evaluation that included two representational neglect tests: the Familiar Square Description
Test and the O’Clock Test. Representational neglect, as well as perceptual neglect, was present in about one-third of the
sample. Most patients neglected the left side of imagined familiar squares but not the left side of imagined clocks. The
present data show that representational neglect is not a rare disorder and also support the hypothesis that two different
types of mental representations (i.e. topological and non-topological images) may be selectively damaged in
representational neglect.
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Introduction

Hemineglect (or neglect) is a pervasive disorder of space
representation that occurs following lesions of posterior areas of
the right hemisphere [1]. It is characterized by the inability to
orient attention or consider events in the contralesional side of
extrapersonal or personal/body space. Patients affected by neglect
lose the ability to react to or process sensory stimuli (visual,
auditory, tactile, olfactory) presented in the contralesional hemi-
space. “Sensory neglect” is also referred to as perceptual neglect
[2]. Finally, exploratory-motor neglect may manifest as reduced
use or non-use of a contralateral body part (i.e. arm, leg) during
walking and daily life activities [3].

As hemineglect is a very complex disorder, which can affect
several components of spatial behaviour in different ways, two tests
tapping different aspects of hemineglect may produce contrasting
results and show different degrees of neglect in the same patient
[4]. Consequently, formal testing has to be exhaustive and include
tasks that assess different aspects of hemineglect. Several dissoci-
ations have been described in patients with neglect that clearly
demonstrate the complexity of the neglect syndrome [5](6]. For
example, dissociations between extrapersonal and personal space
[7] [8] have been described as well as dissociations between
perceptual and imaginary space [9]-[12]. When difficulty in
conjuring up the left side of mental images is present, it is referred

PLOS ONE | www.plosone.org

to as representational or imagery neglect. Representational neglect
is the inability to process the contralesional side of visual mental
images. Bisiach and Luzzatti [13] first described the disorder in
two right brain-damaged patients with visuo-spatial neglect. Since
publication of their seminal paper, selective impairment in
describing the left side of familiar places from memory or in
processing the left side of mental images of real or abstract objects
has been considered rare in patients with neglect [14] [15].

There has always been a certain theoretical interest in
representational neglect and several hypotheses have been
proposed to explain its nature. First, representational neglect is
considered analogous to perceptual neglect, that is, the same
exploration bias that affects visual perception in neglect impedes
the exploration of the contralesional side of visual mental images
[16]. Although representational neglect is usually found in patients
also affected by perceptual neglect, the existence of dissociated
cases of representational neglect in the absence of perceptual
neglect undermines this interpretation [9] [12] [17] [18].

A deficit in directing attention toward the left side of mental
images or damage to the mental representation system, that is, a
“tearing” of the left side of the mental screen, has also been
hypothesized [16]. Logie and co-workers [19] suggested a deficit in
generating the left side of mental images in a study in which two
patients affected by representational neglect had to describe an
array of four objects from memory. The patients were shown one
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out of ten different arrays. After the array was removed from sight,
they had to describe it from memory in the same perspective they
had seen it in before or from the opposite (180° of rotation)
perspective. Both patients consistently failed to report objects on
the left side of their mental images but showed no defect in
reporting objects on the right side; that is, after mental rotation
they were able to describe items they perceived on the left side of
the array when these objects were located on the right side of the
mental image.

Other authors have suggested that representational neglect
results from a) damage to a system involved in the generation of
mental images that is independent from systems involved in
exploring and representing visuo-spatial percepts [9]; b) damage to
an egocentric spatial representation involved in the maintenance
of visual information across saccades and time [17]; and c)
unilateral damage to visuo-spatial working memory [18].

All of these interpretations consider representational neglect as a
defect involving all types of visual mental images. Nevertheless,
cases of dissociations in representing different types of mental
images have been reported. Grossi et al.’s patient [20] was severely
impaired in judging the left side of mental images of real objects on
the O’Clock Test but showed no asymmetry in describing a
familiar public square from memory. Guariglia et al.’s patient [9],
who showed selective representational neglect in describing
familiar squares from memory, showed no asymmetry in
processing the left side of mental images of objects. Furthermore,
Ortigue and co-workers [21] recently reported a patient who was
unable to visualize the left side of mental images of landscapes and
maps but was perfectly able to visualize the left side of the interior
of her car or describe the left side of visual arrays of objects from
memory. Very recently, Arduino et al. [22] reported a dissociation
in mentally inspecting words or objects in patients suffering from
neglect. This finding suggests that a specific mechanism exists for
processing orthographic material with respect to other types of
stimuli. Therefore, it can be hypothesized that different systems
process different types of mental images. Classical models of
mental imagery distinguish between two different types of visual
mental images: skeletal images, which have few details and low
resolution, and complex images, which are multipart, high-
resolution images [23]. This distinction does not help explain
the dissociations in representational neglect, because most of the
tasks used to test representational neglect for objects require
generating complex mental images (e.g., the O’Clock Test [20],
the slit tests [24] [25], or descriptions of visual arrays from
memory [21] [19]). Some recent findings suggest a different
distinction based on different types of visual mental images,
namely, topological and non-topological images [26]. Topological
images are mental representations of stimuli in which the subject
can navigate (L.e., rooms, squares, cities, maps, etc.) and that can
be transformed into (or correspond to) cognitive maps of the
environment. Non-topological images are mental representations
of stimuli, such as a desktop, the interior of a car [21], single
objects or arrays of objects, which can be manipulated but never
navigated. Although topological and non-topological mental
images may have some mechanisms in common, the above-
described dissociations suggest that they are essentially processed
by different systems. Two different types of data support this
hypothesis. The first type comes from recent findings that patients
with representational neglect are significantly impaired in naviga-
tional tasks based on mental representations (cognitive maps) of
the environment [27]-[30]. Indeed, Palermo et al. [29] reported a
right brain-damaged patient who showed selective representation-
al neglect in tasks requiring the description of familiar environ-
ments from memory but no representational neglect in tasks
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requiring mental representation of single and multiple objects.
Interestingly, this patient also showed consistent navigational
deficits but no sign of perceptual neglect. The link between
topological mental images and navigation skills is supported by
Palermo and colleagues’ recent findings [31]. These authors
reported that representational neglect patients showed selective
mental imagery deficits on tasks involving the generation,
mspection and transformation of mental images of environments.

Another type of evidence comes from a second reading of
previously described cases and suggests differences in the
processing of topological and non-topological images. In fact, in
Grossi et al’s patient [20] and in the patients described by
Guariglia et al. [9] and Ortigue et al. [21] dissociated performance
on representational tasks can be interpreted as selective impair-
ments in processing non-topological [20] or topological [9] [21]
mental images.

In the present study, we evaluated a large group of right brain-
damaged patients to test the hypothesis of two distinct forms of
representational neglect, one involving the representation of
topological images and the other, the representation of non-
topological images. As representational neglect is considered rare,
its prevalence and frequency of association with perceptual neglect
was also evaluated in a group of unselected, consecutive, chronic
patients.

Methods

Participants

We recruited right brain-damaged patients consecutively
admitted to the I.LR.C.C.S. Fondazione Santa Lucia in Rome
who showed no comprehension deficits or mental decay on the
psychological examination at admission. The study protocol was
approved by the local ethics committee (IRCCS Fondazione Santa
Lucia of Rome, Italy) following the ethical principles in the
Declaration of Helsinki. All patients were compos mentis and
signed written consent forms before taking part in the experimen-
tal testing. The examiners explained the purpose of the research to
the patients and responded to their questions and concerns.
Exclusion criteria included a history of multiple cerebrovascular
accidents, general cognitive decay, previous neurological or
psychiatric disorders and an uncertain diagnosis of perceptual
neglect (one patient performed below the cut-off on only one of the
four screening tests; see below).

The study included 96 patients: 25 (26.04%) females (F) and 71
males (M) (73.96%); mean age was 63.88 years (S.D.=11.01
years), mean years of education, 9.39 years (S.D. = 4.65 years), and
mean distance from onset, 381.28 days (S.D.=831.41 days).

A control group of 30 healthy participants matched for age,
gender and education with the right brain-damaged patient group
(age: mean=66.09 years, S.D.=9.36 years; education:
mean = 9.33 years, S.D. = 3.60 years) was also recruited to obtain
the normal degree of asymmetries on the visual imagery tests used
to evaluate representational neglect. An ANOVA showed that
patients did not differ from healthy participants for age
(1,120 =0.80; n.s.) or education (F; 199 =0.32; n.s.). Each healthy
participant was submitted to the MMSE [32] to rule out the
presence of general, as yet unrecognized, mental deterioration.

Testing

All patients were submitted to an extensive neuropsychological
examination to assess their orientation in time and space, personal
orientation [33], language functions [34], visuo-spatial and verbal
short-term and working memory [33], long-term verbal memory
[33], abstract and/or verbal reasoning [35] [33], attention,
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constructional apraxia, visuo-perceptual skills [33] [36] and visual
agnosia [33]. Patients’ performance on the neuropsychological
examination was used to exclude the presence of general mental
decay and visuo-spatial disorders not restricted to the contrale-
sional hemifield.

A standard battery for evaluating the neglect syndrome [37] was
used to determine whether perceptual neglect was present and, if
so, its severity. The battery includes four conventional tests:

Letter Cancellation Test [38]: Subjects’ task is to cross out 104
uppercase “H’s” interspersed among 386 different letters arranged
in 6 horizontal lines on a sheet of A3 paper (total score range 0—
104; 0-53 on the left, 0-51 on the right). The sheet is presented
centrally in front of the patient. The cut-off is a difference of =4
between omissions on the left and on the right side. The maximum
number of omission errors in healthy subjects is four; the
maximum difference between errors on the left and the right is
two [39].

Line Cancellation Test [40]: 21 lines with different orientations
(3 cm long) are randomly dispersed on a sheet of A3 paper
presented centrally in front of subjects (total score range 0-21; 0—
11 on the left, 0-10 on the right). They have to cross out all the
lines they can find without a time limit. The cut-off is =2
omissions on the left side. Healthy subjects make no errors on this
test.

Wundt-Jastrow Area Illusion Test [41]: Subjects are present-
ed with a picture of two identical black fans placed one above
the other so that one of them appears horizontal; they have to
point to the stimulus that seems longest (illusionary effect). In 20
trials, the illusory effect is present in left-oriented and in 20 trials
in right-oriented stimuli. In neglect patients, the illusory effect is
reduced on the contralesional side [41]. The score is the number
of trials in which the normal illusory effect is present on each
side (score range 0—20). The cut-off is the difference >2 between
unexpected responses (i.e., responses in the direction opposite
the illusory effect in controls) for left-oriented minus right-
oriented stimuli.

Sentence Reading [37]: The patient has to read aloud six
sentences ranging from 5 to 11 words (2142 letters). The score is
the number of correctly read sentences (score range 0-6). The cut-
off is one or more sentences read incompletely on the left side.
Healthy subjects and right brain-damaged patients without
hemineglect make no errors. Patients with neglect (as reported
in the original paper by Pizzamiglio and co-workers) [37] make
omission errors, substitution errors, or both in the left half of the
sentence.

In accordance with normative rules, the patients were classified
as affected by perceptual neglect (PercNeg) if they scored below
the cut-off on at least two of the four tests.

The Standardized Battery was adopted because it is the
diagnostic instrument most used to evaluate neglect in Italy and
includes a standardized reading test for the Italian population.
Furthermore, the tests included in this Battery allow assessing
different aspects of neglect. Specifically, at variance with the Line
Cancellation and Letter Cancellation tests, the Wundt-Jastrow
Area Illusion Test and the Sentence Reading Test have the
advantage of not requiring a limb-motor response and thus allow
testing visuo-perceptual components of hemineglect with minimal
influence of motor components (both tests involve only ocular
movements).

Two tests were used to assess representational neglect
(ReprNeg): the Familiar Square Description Test (derived from
Bisiach and Luzzatti) [13] to assess whether ReprNeg for
topological images was present, and the O’Clock Test or the
Mental Clock task [42] [20] to assess whether ReprNeg for

PLOS ONE | www.plosone.org

Clinical Features of Representational Neglect

non-topological images was present. Although a dissociation
between full representation of visual events (objects, faces,
written material, etc.) and defective representation of the left
side of the environment has already been described [9] [21], no
clinical studies have systematically investigated the presence of
these two different types of mental representation. To investi-
gate this issue, we used the Familiar Square Description Test
and the O’Clock Test. The former allows studying the mental
representation of an environment that was well-known before
illness onset and whose mental map was developed by direct
navigational experience; the latter allows investigating the
mental representation of a well-known familiar object whose
mental image is not related to a motor-proprioceptive action but
only to perceptual knowledge.

In the Familiar Square Description Test, patients had to
describe two familiar public squares from memory from two
opposite vantage points. The elements described on each side of
the square were recorded. When the patient described a square
unknown to the experimenters, a relative was asked to describe
the square in detail before the patient was tested. The relative’s
description was used to choose the two vantage points and to
score the patient’s performance. The number of elements
reported on the left and the right side of the imagined squares
was transformed into a laterality quotient as follows: LQ = (left
elements-right elements/left elements+right elements) *100
[14]. An LQ with a negative sign meant that the subject
reported fewer elements on the left than the right side; vice
versa, a positive sign indicated the opposite behaviour. In the
control group, the mean LQ was —1.46 (S.D.=7.39) and
ranged from —15.28 to 11.11; to avoid false positive errors, we
decided to adopt an LQ equal or higher than —20 as the cut-off
for the presence of ReprNeg for topological images because this
score was higher than the score of the worst control perfor-
mance. Therefore, participants were classified as affected by
ReprNeg for topological images (T-ReprNeg) if their LQ was
equal or lower than —20.

The O’Clock Test [20] requires the generation of multipart
mental images [43]. Patients were asked to imagine two different
times on two analogical clocks and to decide which clock hands
formed the widest angle. We used 32 time pairs. They included
only half hours (e.g., 7:30) or hours (e.g., 9:00), balanced for
correspondence with numerically greater or smaller times (e.g.,
3:00 >1:00) and for the visual hemifield that corresponded with
the position of the imagined clock hands (e.g., 16 pairs of times
were in the right hemifield, that is, 3:00 and 5:30, and 16 were in
the left hemifield, that is, 9:00 and 7:00). Scores were the number
of correct responses. Before testing, a training session (8 trials) was
carried out in which a perceptual version of the test was proposed.
During training, two analogical clocks were shown in a vertical
array, but the pairs of times were different from those used in the
test (e.g., 3:20 and 5:05; 7:50 and 10:45). Also for the O’Clock
Test, we adopted the same above-mentioned formula for
calculating a Laterality Quotient [14]: LQ = (correct responses
on the left—correct responses on the right/correct responses on
the left+correct responses on the right)*100. Negative LQ) refers to
fewer correct responses on the left. In the control group, the mean
LQ was —1.10 (S.D.=6.41) and ranged from —16.67 to 15.79.
To avoid false positive errors, we decided to adopt an LQ) cut-off
of —20, which was lower than the worst control score. Therefore,
patients were classified as having representational neglect for non-
topological images (Nt-ReprNeg) if their LQ) was equal to or lower
than —20.

Correlation between the Familiar Square Description Test and
the O’Clock Test was computed in the control group (r=0.16).
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Results

First, we determined the frequency of occurrence of perceptual
and representational neglect in a sample of 96 right brain-
damaged patients (see Fig. 1). We found that 50 patients had some
form of neglect: 36 patients had perceptual neglect with or without
signs of representational neglect (37.50% of the total sample) and
14 showed pure representational neglect without signs of
perceptual neglect (RepNeg: 14.58% of the total sample).
Regarding the 36 patients with perceptual neglect, 16 (PercNeg:
16.67% of the total sample) showed no signs of representational
neglect and 20 (PercNeg+RepNeg: 20.83% of the total sample)
were also affected by representational neglect (see Fig. 1).

Most of the 34 patients affected by representational neglect, that
is, both pure (14 patients) and non pure (20 patients), showed a
selective form of representational neglect for topological and non-
topological images; specifically, 24 (T-RepNeg: 25% of the total
sample) showed selective representational neglect only in the
Familiar Square Description Test, 3 (Nt-RepNeg: 3.13% of the
total sample) showed selective representational neglect only in the
O’Clock Test, and the remaining 7 patients (7.29% of the total
sample) showed both T-ReprNeg and Nt-ReprNeg (see Figure 2).

The frequency of the different forms of neglect was roughly
similar in right brain-damaged patients with PercNeg (14.58%),
RepNeg (16.67%), and PercNeg+RepNeg (20.83%), but the
difference was not significant (Chi-square = 1.12; df=2; n.s.). By
contrast, the frequency of the various forms of representational
neglect was different (Chi-square =21.95; df=2; p<<.0l) in T-
RepNeg (25%), Nt-RepNeg (3.31%) and T-RepNeg+Nt-RepNeg
(7.29%).

Means and SD of the two representational neglect tests are
reported in Table 1.

To assess differences among groups in the representational
neglect tests, we performed a MANOVA with Group (right brain-
damaged patients and controls) as independent variable and the
LQ in the Familiar Square Description Test and the LQ in the
O’Clock Test as dependent variables.

A significant difference among Groups (Wilks Lambda
9,120 = 0.948; p<.05) was revealed. A post-hoc test (Duncan test)
demonstrated that patients differed from controls in the Familiar
Square Description Test (p<<.05) but not in the O’Clock Test (n.s.).
This finding suggests either that RepNeg is more frequent if
assessed with the Familiar Square Description Test or that
topological image representational neglect is more frequent than
non-topological image representational neglect.

16,67%

14,58% 47,92%

M Noneg

@l PercNeg+RepNeg
W RepNeg
_|PercNeg

20,83%

Figure 1. This figure reports the percentage of patients with
perceptual neglect (PercNeg), representational neglect (Re-
pNeg), perceptual neglect associated with representational
neglect (PercNeg+RepNeg) and no signs of neglect (Noneg).
doi:10.1371/journal.pone.0067390.g001
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Figure 2. This figure reports the percentage of patients
affected by selective representational neglect for topological
images (T-ReprNeg), selective representational neglect for
non-topological images (Nt-ReprNeg), and representational
neglect for both topological and non-topological images (T-
RepNeg+Nt-ReprNeg) calculated on the sub-sample of 34
patients affected by representational neglect.
doi:10.1371/journal.pone.0067390.g002

Pearson correlations were also calculated to verify whether the
two representational neglect tests (Familiar Square Description
Test; O’Clock Test) correlated in a different way with the
Standard Battery Tests. Namely, we verified whether performance
on the Familiar Square Description Test was correlated with that
on the Letter Cancellation Test and the Line Cancellation Test
(both of the latter tests involve egocentric frames of reference) and
whether performance on the O’Clock Test (which may involve an
allocentric frame of reference) was correlated with performance on
the Wundt-Jastrow Area Illusion Test and the Sentence Reading
Test (which mainly involve an allocentric frame of reference).
Results failed to reveal a specific relationship. Indeed, performance
on the Familiar Square Description Test showed low correlations
with one of the egocentric tests (Line Cancellation Test: r =0.28,
p<<0.01) and one of the allocentric tests (Sentence Reading Test:
r=0.24, p<0.05), but no significant correlations with the other
Standard Battery Tests (Letter Cancellation Test: r=0.12, n.s,;
Wundt-Jastrow Area Illusion Test: r=0.16, n.s.). The O’Clock
Test did not correlate with the Standard Battery of Tests involving
an allocentric frame of reference (Wundt-Jastrow Area Illusion
Test: r=0.16, n.s.; Sentence Reading Test: r = —0.01, n.s.) or with

Table 1. Means and (SD) of LQ obtained in Familiar Square
Description Test (T-LQ) and O'Clock Test (Nt-LQ).

Groups T-LQ Nt-LQ
RepNeg (n. 14) —32.25 (15.37) —8.00 (14.43)
PercNeg (n. 16) —0.54 (9.27) —0.10 (11.65)
PercNeg+RepNeg (n. 20) —33.80 (23.68) —6.76 (7.39)
Noneg (n. 46) 1.59 (12.19) —1.64 (8.54)
Controls (n. 30) —0.96 (6.01) —1.26 (7.35)

doi:10.1371/journal.pone.0067390.t001
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those involving an egocentric frame of reference (Letter Cancel-
lation Test: r=—0.1, n.s.; Line Cancellation Test: r=0.15, n.s.).

Two independent factors were extracted from a factor analysis
using a principal component solution and a Varimax rotation with
Kaiser Normalization of the factor matrix (retaining only factors
with eigenvalues greater than 1) on the four Standard Battery
Tests and on the two representational neglect tests (see Table 2 for
details). The first factor, with the Letter Cancellation Test, Line
Cancellation Test, Wundt-Jastrow Area Illusion Test and
Sentence Reading Test loading on it, accounted for 46% of the
variance; we defined this as the “Visual Perception” factor. The
second factor, with the Familiar Square Description Test and the
O’Clock Test loading on it accounted for 18% of the variance; we
defined this as the “Mental Imagery” factor.

A series of analyses were performed with a single-case analysis
method using control participants’ results to detect patients’
performances in which the difference between the two ReprNeg
tests was greater than expected in a normal population [44] [45].
The Crawford analysis allowed detecting: 1) defective perfor-
mances, that is, those with a <.05 probability of being observed in
the normal population; 2) classical dissociation, that is, patients
who performed significantly below the normal range on one test
(i.e., the probability of a similar performance being observed in the
control population was <.05) and within the normal range on the
other test; 3) strong dissociation, that is, patients who performed
worse than controls on both tests, but with a discrepancy between
tests with a <.05 probability of being observed in the control
population.

Results showed that the performances of 25 patients were
significantly different from the performances of healthy controls,
with a greater discrepancy between results on the T-ReprNeg and
Nt-ReprNeg tests than expected in the normal population.
Nevertheless, in three of these patients both LQs were above the
arbitrary cut-off; therefore, we decided to exclude these patients
from the analysis of dissociations. In the remaining 22 patients,
both types of dissociations were present (see Table 3). Nineteen
patients showed a classical dissociation: 18 performed normally on
the O’Clock Test and deficiently on the Familiar Square
Description Test, and one (patient 6) showed the opposite pattern
of performance. Differently, three patients presented strong
dissociations: two performed significantly worse on the Familiar
Square Description Test and one on the O’Clock Test. Table 3
presents statistical details (z-score for T-LQ) and for Nt-LQ) as well
as t-tests and p) and types of dissociations. Table 4 presents results
obtained by the 22 patients on the Standardized Battery for
Hemineglect.

Table 2. Rotated factors matrix.

Factors

Visual Perception Mental Imagery

Letter Cancellation Test 819 —.044
Line Cancellation Test 784 317
Wundt-Jastrow Area lllusion Test  .825 235
Sentence Reading Test .780 —.009
Familiar Square Description Test 222 524
O'Clock Test —.085 874

Factors with loadings >0.4 are indicated in bold.
doi:10.1371/journal.pone.0067390.t002
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Finally, as previous studies reported an association between
neglect and visuo-spatial working memory deficits [46] (suggesting
involvement of the visuo-spatial working memory in the repre-
sentational symptoms of the neglect syndrome) [47] [48], we
investigated whether patients affected by representational and/or
perceptual neglect showed specific working memory deficits. A
perusal of performances on the Corsi Block-Tapping Test [49]
[33] showed that 1 RepNeg patient (1 out of 14; 7.14%), 5
PercNeg patients (5 out of 16; 31.25%), and 11 PercNeg+RepNeg
patients (11 out of 20; 55.00%) showed defective visuo-spatial
working memory. These data do not allow relating working
memory deficits to a specifc type of neglect but suggest that
working memory deficits are more likely to be observed in patients
affected by both perceptual and representational neglect.

Discussion

These data support the hypothesis that two different types of
mental representation exist and that both can be selectively
damaged in representational neglect. The first type is topological
[26] and includes mental representations of environments that can
be used for navigational purposes. The second type is non-
topological [26] and includes mental representations of single or
multiple objects that cannot be used for navigational purposes. In
our sample, selective representational neglect for topological
images was much more frequent (ratio 8:1) than selective
representational neglect for non-topological images. Representa-
tional neglect for both topological and non-topological images was
less frequent than selective representational neglect for topological
images (ratio: about 1:3.4).

The different frequency of the two types of representational
neglect may indicate that the sensitivity of the two tests used to
assess representational neglect is not the same. Indeed, we cannot
exclude that the O’Clock Test, used to assess non-topological
representational neglect, might be less sensitive than the topolog-
ical test. Nevertheless, some of our findings contradict this
interpretation. First, the low correlation in the control group
between the Familiar Square Description Test and the O’Clock
Test indicates that these tests share few cognitive components and
thus measure different aspects of mental images. Second, this
interpretation does not fit with the observation of double
dissociations in patients affected by representational neglect. An
alternative interpretation is based on differences in the frame of
reference utilized for the images: an egocentric frame of reference
has to be used to mentally visualize Piazza del Duomo (Milan) as it
appears facing the Duomo, but it may not be necessary for
mentally visualizing two clocks. However, we have no proof that
an allocentric frame of reference was used in the O’Clock Test.
Another possibility is that imagining a public square requires
imagining far extrapersonal space, whereas single (even complex)
objects can be imagined in both near and far space. Thus, patients
with deficits in far extrapersonal space would be unable to describe
a familiar square from memory but would be able to imagine two
clocks in their reaching space (e.g., on their wrist). On the other
hand, patients with deficits in near space would be able to describe
a familiar square from memory and imagine two clocks in far
space (e.g., two clocks on a far wall or two tower clocks). Thus, it
could be that the double dissociation is not limited to the imagery
domain, because the standard battery of tests we used to
investigate perceptual neglect does not allow assessing deficits in
far extrapersonal space.

As hypothesized in previous reports [29] [31] [28] [26], the
present data demonstrate the existence of two separate imagery
processes that are very likely supported by two independent
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functional-anatomical neural systems. Trojano and co-workers
[50] used the O’Clock Test to explore the neural correlates
involved in spatial imagery. Their study showed that mentally
comparing pairs of times and judging at which of the two times the
clock hands form the widest angle produces prominent cortical
activation in the posterior parietal lobes of both hemispheres as
well as in the prefrontal cortex. The authors associated this with
the attentional demands of different kinds of mental imagery and
working memory tasks. Their results provide evidence for the
specific convergence of imagery and visual perception pathways in
the parietal lobes. We can hypothesize that the mental images
generated during the Familiar Square Description Test which are
related to previous environmental knowledge might be different
and involve cerebral structures generally activated by navigational
tasks. For example, in a recent fMRI study Morgan et al. [51]
suggested that a map-like representation might exist in the human
medial temporal lobe which encodes the coordinates of familiar
locations in large-scale, real-world environments. Unfortunately,
in the present study we were unable to make a detailed analysis of
the neural basis because the patients were submitted to different
types of neuroradiological scans (CT, 1-Tesla MRI, 3-Tesla MRI).
In any case, the presence of double dissociations in our sample
indicates that future studies should attempt to understand whether
or not these two mental representations of topological and non-
topological images have the same neural networks.

Previous studies reported the scarce prevalence of representa-
tional neglect following right-hemisphere lesions [14]. Our results
only partially agree with this finding: Representational neglect for
non-topological images was quite rare and affected only about 3%
of the sample of right brain-damaged patients, whereas the
percentage of patients affected by representational neglect for
topological images was much higher (i.e., 25%). But when we
considered all cases of representational neglect for topological and
non-topological images, representational neglect was present in
about one-third of the sample, that 1s, its prevalence was similar to
that found for perceptual neglect. Our results show the absence of
differences in frequency of occurrence between pure perceptual
neglect and pure representational neglect. But a significant
difference emerged when we analyzed different types of represen-
tational neglect measured by the O’Clock Test and the Familiar
Square Description Test. The use of different testing procedures
could have led to the discrepancy between the prevalence reported
in Bartolomeo et al.’s study [14] and the prevalence found in the
present study. In fact, our data suggest that if representational
neglect is evaluated by tests requiring the mental representation of
non-topological images fewer patients will be diagnosed with the
disorder. However, one of the two tests of representational neglect
used by Bartolomeo and co-workers [14] was the Familiar Square
Description Test, which requires subjects to generate and inspect
topological images. Furthermore, the two samples differed along at
least two main clinical dimensions: time from onset and lesion site.
In fact, Bartolomeo et al. [14] recruited patients in the
neurological ward of a general hospital and we recruited patients
in a rchabilitation hospital. Usually patients admitted to a
rehabilitation hospital have a longer time from onset than patients
in a general hospital, who typically are in the acute phase of stroke.
In our sample, all but four patients were admitted to the
rchabilitation hospital at least 30 days after stroke, 79.17% were
admitted two months after stroke and 15% more than a year after
stroke. Furthermore, only stroke patients with motor impairments
are admitted to rehabilitation hospitals, whereas all kinds of stroke

PLOS ONE | www.plosone.org
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patients are admitted to neurological wards. Therefore, most of
the patients admitted to rehabilitation hospitals have rather large
lesions resulting from damage to the middle cerebral artery,
involving the motor network. Instead, all patients suffering from
stroke (including those with small lesions), those with or without
transient motor impairments and those with lesions in different
cerebral territories are admitted to neurological wards of general
hospitals.

As mentioned above, in the present study it was impossible to
localize the neural basis of ReprNeg for topological and non-
topological images by analyzing structural neuroimages. Further-
more, different variables prevented us from drawing any
conclusions about the different anatomical basis of the two
ReprNeg disorders. First, the two groups of ReprNeg (i.e. T-
ReprNeg and Nt-ReprNeg) were numerically dishomogeneous
and very few patients showed selective Nt-ReprNeg. Second, most
patients had large, mostly overlapping lesions in the territory of the
middle cerebral artery. The large amount of overlapping
undermines the hypothesis that ReprNeg derives principally from
damage to specific areas involved in processing topological and
non-topological images. It is possible that the different occurrence
of the two types of representational neglect was due to the different
occurrence of lesions disconnecting the posterior parietal areas
(more active in processing non-topological images) or medial
temporal lobe posterior areas (more active in processing environ-
mental representation) from the anterior areas involved in visuo-
spatial working memory, a cognitive process used in processing
mental images. Instead, we can speculate that the co-occurrence of
representational neglect for both topological and non-topological
images is due to damage in both networks that process topological
and non-topological material or to a posterior callosal disconnec-
tion (as in the patient described by Rode and colleagues) [52],
which would impede the left hemisphere from receiving adequate
input from the right hemisphere and result in defective exploration
of the left part of any kind of generated image.

These hypotheses are still speculative and are difficult to test
using standard neuro-radiological scans (such as the ones we used).
In fact, specific neuro-radiological studies are needed to show the
connectivity between different brain regions (i.e., Diffusion Tensor
Imaging).

The present data highlight the importance of assessing
representational neglect in right brain-damaged patients, because,
despite its frequency, this disorder often goes undiagnosed. Studies
analyzing the consequences of representational neglect in everyday
life and functional recovery after brain damage are also needed.
We believe that identifying different forms of representational
neglect is of great clinical importance to avoid the discovery of
navigational disorders when patients are about to be discharged
from hospital to return to their daily life activities. Indeed, this
scenario has negative effects on patients’ general mood and
autonomy. Early detection of different forms of representational
neglect can help clinicians plan goal-directed rehabilitative
programs that go beyond visuo-explorative training and also treat
navigational disorders.
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