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ABSTRACT ARTICLE HISTORY
Consistently lateralized reading errors are commonly understood as side-effects of visuospatial Received 13 August 2019
neglect impairment. There is however a qualitative difference between systematically omitting full Accepted 12 December 2019

words presented on one side of passages (egocentric neglect dyslexia) and lateralized errors when KEYWORDS

reading single words (allocentric neglect dyslexia). This study aims to investigate the relationship Neglect dyslexia; visuospatial

between egocentric and allocentric neglect dyslexia and visuospatial neglect. neglect; acquired dyslexia;
1209 stroke survivors completed standardized reading and cancellation tests. Stringent criteria sentence-level neglect

identified unambiguous cases of allocentric neglect dyslexia (N = 17) and egocentric neglect dyslexia

(N = 35). These conditions were found to be doubly dissociated with all cases of egocentric and

allocentric neglect dyslexia occurring independently. Allocentric neglect dyslexia was dissociated

from both egocentric and allocentric visuospatial neglect. Additionally, two cases of allocentric

neglect dyslexia which co-occurred with oppositely lateralized domain-general visuospatial neglect

were identified. Conversely, all cases of egocentric neglect dyslexia were found in the presence of

domain-general visuospatial neglect. These findings suggest that allocentric neglect dyslexia cannot

be fully understood as a consequence of visuospatial neglect. In contrast, we found no evidence for

a dissociation between egocentric neglect dyslexia and visuospatial neglect. These findings highlight

the need for new, neglect dyslexia specific rehabilitation strategies to be designed and tested.

Introduction passages of prose (Beschin et al., 2014) (see Figure 1 for an
illustration of error patterns). Both egocentric and allo-
centric neglect dyslexia can impact either left- or right-
lateralized stimuli (Vallar et al., 2010).

Egocentric and allocentric neglect dyslexia can co-occur
within the same patient (for a review see Moore & Demeyere,
2017). For exampleYoung et al. (1991) identified a patient (VB)
who committed both right-lateralized letter omission errors
when reading single words and full-word omission errors on
the right side of lines of prose. Despite these observed associa-
tions in some patients, other studies have found dissociations,
suggesting that egocentric and allocentric neglect dyslexia repre-
sent independent cognitive impairments. Several case studies
have identified patients exhibiting an allocentric neglect dyslexia
reading impairment in the absence of egocentric reading
impairment (e.g,, Friedmann & Nachman-Katz, 2004; Moore
& Demeyere, 2018). Friedmann and Nachman-Katz (2004)
identified an allocentric neglect dyslexic patient (NT) who
consistently omitted the left portion of words throughout spa-
tially presented lines of prose, but never committed full-word
omission errors. A behavioral dissociation between egocentric
and allocentric neglect impairment has also been identified in
group studies, notably by Beschin et al. (2014) who assessed 30

Visuospatial neglect is a common neuropsychological syn-
drome characterized by a failure to attend to stimuli pre-
sented on one side of space (Halligan, Fink, Marshall, &
Vallar, 2003; Parton, Malhotra, & Husain, 2004). This
spatial-attentional deficit has been associated with a wide
range of difficulties in activities of daily life in stroke
survivors, including problems with reading books,
menus, road signs, or other spatially presented written
stimuli (Beschin et al., 2014; Ellis & Young, 2013; Turton
et al., 2009). Previous neuropsychological research has
identified two main categories of reading impairment
behavioral phenotypes related to visuospatial neglect: ego-
centric (body-centered) and allocentric (object-centered)
(Beschin et al., 2014; Ellis, Flude, & Young, 1987; Vallar,
Burani, & Arduino, 2010; Young, Newcombe, & Ellis,
1991). Allocentric neglect dyslexia is characterized by con-
sistently lateralized omission, addition, and substitution
errors when reading individual words (Ellis et al., 1987;
Hillis & Caramazza, 1995; Vallar et al,, 2010). Conversely,
patients with egocentric neglect dyslexia commit latera-
lized full word omissions when reading spatially presented
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Stimulus:
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Have any of the
islands got a quay,
thought the colonel

sitting on his yacht.

Response:

“Have many of the hands
got a quay ought the nel
sailing on his yacht”

Response:

“Any of the got a
quay the colonel
on his yacht”

Figure 1. An illustration of the differential reading error pattern observed in patients with neglect dyslexia and sentence-level neglect.

ND = Neglect Dyslexia.

patients exhibiting left-lateralized egocentric (body-centered)
visuospatial neglect deficits on a series of single word and
passage reading tasks. Of these patients, 17 committed both
egocentric and allocentric reading errors while 5 patients exhib-
ited egocentric neglect dyslexia in the absence of allocentric-level
impairment and 4 patients presented with allocentric neglect
dyslexia in the absence of egocentric impairment. These find-
ings illustrate that despite an apparent core egocentric visuos-
patial attentional deficit, egocentric and allocentric neglect
dyslexia can result from spatial-attentional biases in different
reference frames, supporting the conclusion that these condi-
tions must represent independent impairments. However, it
remains unclear whether these impairments are best character-
ized as separable consequences of a domain general visuospatial
impairment or whether allocentric neglect dyslexia impairment
is driven by a content-specific (word-specific) deficit.
Neglect-related reading impairments are frequently
understood as side effects of visuospatial neglect rather
than content-specific cognitive problems (Ellis &
Young, 2013; Jackson & Coltheart, 2013; Mozer &
Behrmann, 1990; Riddoch, 1990; Shallice, 1988).
According to this logic, visuospatial neglect impairs
the early visual processing of written stimuli’s percep-
tual features, leading to consistently lateralized reading

errors (Jackson & Coltheart, 2013; Riddoch, 1990;
Shallice, 1988). This argument is supported by findings
that a neglect-related reading impairment commonly
co-occurs with domain-general visuospatial neglect
(Lee et al., 2009; Vallar et al., 2010) and that the severity
of egocentric neglect acts as a significant predictor of
allocentric neglect dyslexic reading impairment
(Beschin et al., 2014; Lee et al., 2009). Lee et al. (2009)
assessed a cohort of patients on standardized neglect
tests and a single-word reading task finding that patients
exhibiting allocentric neglect dyslexia impairment had
significantly more severe egocentric neglect than
patients who did not make neglect dyslexia reading
errors. However, both Lee et al. (2009) and Beschin
et al (2014), did not include tests for domain-general
allocentric (object-centered) neglect, meaning that the
relationship between allocentric neglect dyslexia and
allocentric neglect remains unclear. Ptak, Di Pietro,
and Schnider (2012) investigated reading impairments
in a cohort of egocentric neglect patients and found that
while the prevalence of full-word omissions (egocentric
neglect dyslexia) was mediated by the egocentric loca-
tion of stimuli, the incidence of allocentric neglect dys-
lexia word reading errors was not significantly affected
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by where stimuli were presented in space (Ptak et al.,
2012). This strongly suggests that while egocentric
neglect dyslexia may be explained as a side-effect of an
egocentric neglect impairment, allocentric neglect dys-
lexia is likely caused by a differential spatial-attentional
bias. This conclusion is further supported by the find-
ings of meta-analyses which have revealed that while
allocentric neglect dyslexia does frequently co-occur
with egocentric visuospatial neglect, many cases of allo-
centric neglect dyslexia occur in the absence of this
domain-general impairment (Moore & Demeyere,
2017, 2018; Vallar et al., 2010).

However, visuospatial neglect represents a highly
heterogeneous condition with some patients exhibiting
spatial-attentional biases within an egocentric reference
frame and others within an allocentric frame of refer-
ence (Baylis, Baylis, & Gore, 2004; Bickerton, Samson,
Williamson, & Humphreys, 2011; Demeyere &
Gillebert, 2017; Hillis & Caramazza, 1995; Moore,
Vancleef, Shalev, Husain, & Demeyere, 2019). Patients
with allocentric neglect fail to notice portions of indivi-
dual objects, regardless of where objects are presented in
egocentric space (Demeyere & Gillebert, 2019). This
object-centered neglect impairment can potentially pro-
vide a plausible explanation for some cases of allocentric
neglect dyslexia. For example, patient SP (Young et al.,
1991) was found to commit similar frequencies of left
allocentric neglect dyslexia errors when reading in both
the left and right visual field, suggesting that the spatial
bias seen in allocentric neglect dyslexia can operate
independently of egocentric spatial coordinates. This
error pattern can be best understood as an impairment
occurring within an object-centered reference frame
(Haywood & Coltheart, 2000; Hillis & Caramazza,
1995), or within a smaller attentional window (Driver
& Pouget, 2000). Unfortunately, SP did not complete
neglect assessments which were sensitive enough to
detect and differentiate between allocentric neglect and
egocentric neglect, meaning that the relationship
between allocentric neglect and neglect dyslexia remains
unclear.

Indeed, the vast majority of existing allocentric
neglect dyslexia case studies have not included object-
centered neglect assessments (Moore & Demeyere,
2017; Vallar et al.,, 2010), meaning that the relationship
between allocentric neglect and neglect dyslexia reading
errors is not yet well understood. However, single case
of allocentric neglect dyslexia occurring in the absence
of ego- and allocentric neglect was recently documented
by Moore and Demeyere (2018), providing strong evi-
dence for a content-specific deficit. Particularly both
patient AB (Moore & Demeyere, 2018) and patient
NG (Caramazza & Hillis, 1990) demonstrated

a consistent deficit with the terminal letters of words,
regardless of orientation (vertical writing, and mirror
reflected writing), in line with a word-specific deficit.
The question remains whether this dissociation can be
identified in a substantial portion of allocentric neglect
dyslexia patients.

The purpose of the present study is to investigate the
relationship between domain-general visuospatial
neglect and neglect-related reading errors. Specifically,
we aimed to elucidate the relationship between ego-
centric and allocentric and domain-general neglect to
determine whether neglect dyslexia reading errors can
be adequately accounted for as a consequence of
domain-general neglect impairment or whether these
reading errors are best understood as an independent,
content-specific impairment.

Methods
Methods/materials

This study considers data collected as a component of
two large cognitive screening cohort studies which con-
ducted the Birmingham Cognitive Screen (BCoS;
Humphreys, Bickerton, Samson, & Riddoch, 2012) or
the Oxford Cognitive Screen (OCS) (Demeyere,
Riddoch, Slavkova, Bickerton, & Humphreys, 2015).
Both the OCS and BCoS are clinical neuropsychological
screening tools. Though the BCoS is longer and has
more subtests than the OCS, both screening tools pro-
vide a multi-domain summary of cognitive impairments
following brain injury. Data from these assessments’
Reading, Cancellation, and Visual Field tasks was used
in this experiment.

The BCoS Reading Task consists of one 14- and one
28-word sentence. The OCS Reading Task consists of
one 15-word sentence. Each of these sentences is printed
in size 26 font in the center of a full A4 sheet of paper
(Figure 2). OCS and BCoS both contain a neglect can-
cellation task to measure both ego- and allocentric
neglect, in a similar way to the gap detection task pro-
posed by Ota, Fujii, Suzuki, Fukatsu, and Yamadori
(2001). In these cancellation tasks, patients are pre-
sented with a search matrix including 150 line drawings
of simple objects pseudorandomly distributed across
a full A4 page presented in landscape orientation
(Figure 2). One third of these drawings have left-
lateralized gaps, one third have right gaps, and the
remaining third are complete drawings. In both tasks,
patients are asked to cross out all complete drawings
while ignoring the incomplete, distractor stimuli. These
drawings are arranged in a grid pattern to ensure that
the probability for omissions in each section of the
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Figure 2. OCS and BCoS Reading Tasks and Cancellation Task stimuli. (a) and (d) are OCS stimuli while (b,c) and (e) are taken from the
BCoS. Cancellation Task scoring gridline locations are denoted by the black dots within the search matrix. Sentence midpoints are
denoted by dotted lines. These lines are not present during task administration, but were used to score patient performance.
According to BCoS scoring guidelines, one point is assigned for correctly reading “daughter” and another for this word’s correspond-

ing possessive suffix.

matrix is equal. This grid is not visible when completing
the task, but is used to assign quantitative neglect asym-
metry scores. Patients are shown examples of distractor
and target drawings and given two practice trials before
proceeding to the full task. The BCoS and OCS
Cancellation Tasks have been shown to be highly sensi-
tive and are to reliably differentiate between allocentric
and egocentric visuospatial neglect deficits (Bickerton
et al., 2011; Demeyere & Gillebert, 2019).

In the Reading Tasks, each patient was asked to read
the presented sentences aloud as an examiner recorded
their responses. Patients who misread or failed to read
more than one word on the BCoS or OCS Reading
Tasks were considered to be significantly impaired
following the subtests’ published cutoffs. For patients
with significant reading impairment, the severity of
this impairment was scored as each patient’s
total percent of words read correctly to facilitate com-
parisons across the two reading tests. For the cancella-
tion tasks, patients were allowed three minutes to
complete, patients who were unable to hold a pen

responded by pointing to each stimulus which was
then marked by the examiner. Egocentric neglect
impairment was scored by subtracting the number of
correctly identified targets on the left side of the page
(max 20) from those correctly identified on the right
side of the page (max 20, see Figure 2(d,e)). Allocentric
neglect impairment was calculated by subtracting the
number of right-gap false positive responses from the
number of left-gap false positives. Egocentric asymme-
try of less than -3 or greater than 3 or allocentric
asymmetry of less than —1 or greater than 1 were
considered to represent neglect impairment, following
the published cut off values (Demeyere et al., 2015).
Negative asymmetry scores denote right-lateralized
neglect deficits and positive asymmetry scores denote
left-sided neglect.

Patients also completed a short Visual Field test as
a component of these standardized batteries. In this
task, the examiner sat approximately one meter in
front of the patient, asked the participant to fixate on
the examiner’s nose, and sequentially wiggled their
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fingers in each of the patient’s visual quadrants. Failure
to report one or more of these confrontations indicated
significant visual field impairment.

Neglect-related reading error identification

Error patterns on the reading tasks were systematically
analyzed to identify clear cases of egocentric and allo-
centric neglect dyslexia. There are no existing standar-
dized scoring procedures for diagnosing neglect-related
reading impairments in stroke survivors. Therefore, this
investigation employed a combination of rigorous
quantitative and qualitative error evaluation procedures
to identify patients with egocentric anc allocentric
neglect dyselxia from these brief subtests.

A multi-step filtering process (see Figure 3) was fol-
lowed to identify patients who demonstrated neglect-
related reading impairments. First, only patients with
a significant reading impairment according to OCS
scoring guidelines were included. Second, only patients
who committed more than one reading error which was
clearly characteristic of egocentric or allocentric neglect
dyslexia impairment were included. For allocentric
neglect dyslexia, patients were only included if they
committed two separate word reading errors demon-
strating lateralized letter omission, addition, or substi-
tution errors. For egocentric neglect dyslexia, patients
were only included if they committed at least two full-
word omission errors. As the reading data used in this
investigation represents existing data from clinical cog-
nitive assessments, some reading errors were scored

binarily (correct/incorrect) with no qualitative error
information was provided. Patients with no available
qualitative information about the precise reading errors
made were excluded from this investigation at this stage.

Third, potential egocentric and allocentric neglect
dyslexia patients were only included if their error pat-
terns were consistently lateralized. This was defined as
demonstrating the same lateralization in at least 80% of
potential egocentric or allocentric neglect dyslexia read-
ing errors Finally, all potential neglect dyslexia reading
patterns were qualitatively and independently reviewed
by all 4 authors and agreed by consensus before includ-
ing each patient in subsequent analyses. See Figure 3 for
a visualization of this selection process and for patient
exclusion counts at each stage.

We note that this represents a very conservative
approach, aimed at only including those patients with
very clear impairment. Similarly, this procedure is less
likely to identify cases of co-occurring egocentric and
allocentric neglect dyslexia than it is to identify either
deficit in isolation. This is because in egocentric neglect
dyslexia patients will, by definition, only read a portion
of the presented words and patients with allocentric
neglect dyslexia generally only commit neglect dyslexia
errors in a portion of read words (Caramazza & Hillis,
1990; Vallar et al., 2010). Since at least two potential
allocentric neglect dyslexia errors must be committed to
confidently identify this reading impairment, the prob-
ability of detecting a patient exhibiting both impair-
ments simultaneously on the OCS/BCoS reading tasks
is low. However, previous research has established that

Excluded:

No Cancellation Data: 387
No Sentence Reading Data : 162
No Reading Impairment: 829

No ND Reading Errors: 207
Inconsistently Lateralised Errors: 54
Unreported Errors: 75

0CS/BCoS

Reading Error
Analysis:
N =382

Assessment:
N =1760

No Word Omission Errors: 227
Inconsistently Lateralised Errors: 55
Unreported Errors: 48

Figure 3. A visualization of the neglect dyslexia and sentence-level neglect patient identification process and patient exclusion counts

at each stage. ND = Neglect Dyslexia.



Table 1. Demographics for patients with neglect dyslexia and
sentence-level neglect. Unreported patient information repre-
sents missing demographics which were not recorded in med-
ical notes. R = Right, L = Left, B = Bilateral, M = Male, F = Female,
Isc = Ischemic, H = Hemorrhage, TIA = Transient Ischemic
Attack.

Patient Group

Neglect Dyslexia ~ Sentence- Level Total
N: 17 35 52
Age:
mean (std) 70.2 (18.4) 67.9 (13.4) 68.6 (15.1)
Gender:
14F/3M 20F/15M 34F/18 M

Hand:

15 R/0L/0B 27R/2L/1B 42R/2L/1B
Education:
mean (std) 10.8 (2.08) 12.4 (3.93) 11.6 (3.52)
Stroke Side:

5R/8L/0B 27R/1L/4B 32R/9L/4B
Stroke Type:

9 Isc/2H/3 TIA 26 Isc/3H/2 TIA 35 Isc/5H/5 TIA

egocentric and allocentric neglect dyselxia do com-
monly co-occur (Beschin et al,, 2014; Ellis et al., 1987;
Moore & Demeyere, 2017; Vallar et al., 2010). This
investigation therefore explicitly aims to identify cases
in which these conditions do NOT co-occur and does
not attempt to make any claims about the prevalence of
neglect dyslexia or what proportion of egocentric and
allocentric neglect dyselxia occur independently.

Participants

The BCoS was administered to 912 subacute stroke
survivors (<3 months post-stroke) at different hospital
settings across the West-Midlands, as part of the
BUCS study (REC reference 08/H0301/6), coordinated
by the University of Birmingham between 2006 and
2011. The OCS was administered to a consecutive
sample of 848 stroke survivors (<3 weeks post-
stroke) following admission to Oxford’s John
Radcliffe Hospital acute stroke ward between 2012
and November 2017 as part of the Oxford Cognitive
Screening programme (REC reference 11/WM/0299
and REC reference 14/L0O/0648). Each participant pro-
vided verbal or written consent before beginning these
cognitive assessment batteries. This resulting sample
of 52 patients had an average age of 68.6
(Range = 18-92) and contained 34 (65.4%) women.
See Table 1 for a breakdown of demographics and
stroke types for each patient group.

Results

In this sample, 17 patients with allocentric neglect dys-
lexia (14 right and 3 left) and 35 cases of egocentric
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neglect dyslexia (1 right and 34 left) were identified
according to this investigation’s rigorous inclusion cri-
teria. Egocentric and allocentric neglect dyslexia were
found to be behaviorally doubly dissociated with all
cases of allocentric neglect dyslexia occurring indepen-
dently of egocentric neglect dyslexia. Egocentric neglect
dyslexia was not found to be dissociable from domain-
general visuospatial neglect impairment. All 35 ego-
centric neglect dyselxia patients exhibited significant
visuospatial neglect impairment on the Cancellation
Task with 22 patients exhibiting both allocentric and
egocentric neglect, 11 exhibiting significant egocentric
neglect without allocentric neglect, and 2 patients pre-
senting with only allocentric neglect with particularly
severe allocentric scores of 10 and 18. All cases of ego-
centric and allocentric neglect in egocentric neglect
dyslexia patients were found to impact the same spatial
lateralization as these patients’ reading impairment.

Conversely, allocentric neglect dyslexia was found to
be doubly dissociated from both egocentric and allo-
centric visuospatial neglect. 8 cases of right-lateralized
allocentric neglect dyslexia were found to occur indepen-
dently of any domain-general egocentric or allocentric
neglect. There was no significant difference in the sen-
tence reading percent correct between allocentric neglect
dyslexia patients with and without neglect (F
(1,15) = 2.077, p = .17). Of the 9 cases of allocentric
neglect dyslexia which co-occurred with neglect, 2 cases
(1 right and 1 left) were found to occur independently of
egocentric neglect and 2 cases (both right lateralized)
were found to occur in the absence of allocentric neglect.
Interestingly, 2 cases involved right allocentric neglect
dyslexia which occurred alongside left allocentric neglect.
See Table 2 for a detailed breakdown per patient of the
type and nature of the neglect dyslexia patient reading
errors and the performance on the cancellation task,
including ego- and allocentric asymmetries.

Next, a series of analyses were conducted to investi-
gate the relationship between the severity of the visuos-
patial neglect within the subgroup of patients exhibiting
neglect-related reading impairments. A mixed ANOVA,
patients with egocentric neglect dyselxia were found to
have  significantly = more  severe  egocentric
(F(1,50) = 42.6, p = .002, r]z = .46) and allocentric
(F(1,50) = 8.50, p = .005, r]z =.15) neglect than patients
exhibiting allocentric neglect dyslexia (Figure 4).

A subset of 37 patients completed the OCS/BCoS
Visual Field Task. 25/29 sentence-level neglect patients
and 3/12 neglect dyslexia patients exhibited visual field
deficits when measured this way, which impacted the
same side of space as their reading impairment. Only 1
allocentric neglect dyslexia patient with no neglect (total
N = 8) exhibited a visual field impairment.
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Table 2. Neglect dyslexia patient Reading Task and Cancellation Task performance along with basic stroke information.
ICH = Intracerebral hemorrhage, TIA = Transient Ischemic Attack, NR = not reported in medical notes. ND = Neglect Dyslexia. On
the cancellation task, Ego denotes the egocentric asymmetry, Allo denotes allocentric asymmetry. In both asymmetry scores positive
scores reflect left-sided neglect, and negative scores reflect right-sided neglect impairments. Asterix represent significant impairment.

Patient Cognitive Assessment Performance

Reading Performance Cancellation Task Stroke
Neglect Dyslexia Reading Errors Total NDSide Ego Allo Total Type Side
P1 thought - > “though” colonel - > “colonial” 13/15 Right 0 0 40 Ischemic  Right
P2 thought — > “though” colonel - > “colonial” yacht — > “yach” 9/15 Right -7* 4% 39 Ischemic  Left
P3 any - > “an” thought - > “though” sitting — > “sit” 7/15 Right —4* 0 45 Ischemic  Left
P4 thought — > “though” colonel - > “color” 13/15 Right -9* 2% 39 NR Right
P5 colonel - > “nel” yacht — > “cht” 2/15 Left 5* 4* 5 Ischemic  NR
P6 swords — > “words” treasures — > “measures” 40/42 Left 9% 9% 9 ICH Right
P7 belong - > “began” castle - > “case” winning — > “winner” 30/42 Right -12* 0 32 Ischemic  Right
a->"at" leisurely — > “leisure” debating — > “depending”
jury — > “journey” members — > “member”  impartial - > “impart”
P8 belong - > “belongs” we — > “we've” concert — > concern 37/42 Right 4% —4% 14 Ischemic  NR
impartial - > “impartable”
P9 islands — > “island” thought — > “though” colonel — > “cur” 10/15 Right -1 0 49 NR Left
yacht - > “yach”
P10 favorite — > “avorite” trough -> “rough” 13/15 Left -1 0 46  TIA Left
P11 swords - > “sword” award - > “aweer” impartial - > “imperial”  34/42 Right 0 0 50 TIA NR
P12  treasures — > “treasuries”  award — > “awards” winning — > “winnings”  39/42 Right 1 0 46 TIA NR
P13 swords - > “sword” winning - > “winner” treasures — > “treasure”  38/42 Right 0 0 50 ICH Left
P14  swords - > “sword” treasures — > “treasure”  members — > “member”  38/42 Right 1 0 48 Ischemic  Left
P15 treasures — > “treasure” leisurely — > “leisure” 38/42 Right 0 -1 50 Ischemic  Left
P16 swords — > “sword” belong — > “belong” castle — > “cave” 30/42 Right -3 -1 36 NR Left
award - > “awardry” winning — > “which” debating — > “depending”
impartial - > “impartiate”
P17  treasures — > “treasure” members - > “member” 40/42 Right 0 3* 44 Ischemic  Right
*% *k
& +
50 E %
(3 >
8 &
20
40
| ps
2 3
c 30 (2}
2 L
= £
8, 2
10
o °
a Allocentric ND Egocentric ND b Allocentric ND Egocentric ND

Figure 4. Differences in egocentric severity (Panel A) and allocentric severity (Panel B) between patients with neglect dyslexia and
sentence level neglect. Low cancellation totals represent more severe egocentric impairment. High allocentric scores represent more
severe allocentric neglect. ** = p < 0.01. Shaded areas illustrate the distribution of data points.

Discussion

Egocentric and allocentric neglect dyslexia were found to
represent doubly dissociated, independent cognitive
impairments. Egocentric neglect dyslexia was not found
to occur independently of domain-general visuospatial
neglect. Alternatively, allocentric neglect dyslexia was
found to be doubly dissociated from both egocentric and
allocentric visuospatial neglect impairment. The results of
this study suggest that allocentric neglect dyslexia cannot

be fully understood as a consequence of egocentric or
allocentric visuospatial impairment. In contrast, we
found no evidence for a dissociation between egocentric
neglect dyslexia and visuospatial neglect.

This investigation demonstrated that egocentric and
allocentric neglect dyselxia represent dissociated, inde-
pendent cognitive deficits, replicating and extending pre-
vious studies which also reached this conclusion about
dissociable processes (Beschin et al., 2014; Ptak et al.,



2012). Importantly, this dissociation is frequently not
accounted for when conducting research involving these
reading impairments (Galletta, Campanelli, Maul, &
Barrett, 2014; Leff & Behrmann, 2008). Failing to differ-
entiate between these two independent cognitive impair-
ments may potentially confound efforts to investigate
these conditions’ underlying attentional biases, neural
correlates, and recovery trajectories. We further extend
previous research by investigating the role of object- or
allocentric neglect in explaining word-centered reading
impairments in allocentric neglect dyslexia.

We suggest that egocentric neglect dyslexia is best
understood as a consequence of domain-general visuospa-
tial impairment rather than an independent cognitive def-
icit. As in previous research (Beschin et al., 2014; Ptak et al.,
2012), all cases of egocentric neglect dyslexia were found to
co-occur with similarly lateralized visuospatial neglect.
However, two egocentric neglect dyslexia cases occurring
alongside severe allocentric but in the absence of domain-
general egocentric neglect were identified in this investiga-
tion. There are several possible explanations for these cases
of egocentric neglect dyselxia seemingly occurring in the
absence of egocentric neglect. First, previous research has
revealed that stimulus density modulates the severity of
egocentric neglect impairment (Husain & Kennard, 1997;
Kartsounis & Findley, 1994). It is therefore highly probable
that egocentric neglect deficits may be exacerbated by the
increased stimulus density and attentional demand asso-
ciated with reading passages of prose compared to cancel-
lation tasks (Riddoch, 1990). Second, it is possible that
egocentric neglect dyslexia may be underpinned by more
than one domain-general visuospatial impairment. For
example, visual field impairments impacting one side of
egocentric space are a frequent consequence of brain
damage (Habekost & Starrfelt, 2006; Leff & Starrfelt,
2014). Patients with visual field impairments may struggle
to scan passages of text and may therefore fail to report
words presented on one side of space. Indeed, we found in
25 patients with egocentric neglect dyselxia, they also failed
the confrontation task. Though this may indicate a co-
occurring visual field impairment, it may also simply
reflect the very severe neglect, where patients fail to identify
any contralesional stimuli. Though the OCS can pinpoint
a visual field deficit without neglect (i.e., unimpaired can-
cellation task), when both tasks are impaired, the two
problems cannot be teased apart without further measures.

We suggest that while egocentric neglect may not be
the only possible cause of egocentric neglect dyselxia
impairment, this condition is best understood as
a consequence of domain-general visuospatial impair-
ment rather than a content-specific reading deficit. In
contrast, allocentric neglect dyslexia was found to be
dissociated from both egocentric and allocentric
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visuospatial neglect. This investigation identified two
patients who exhibited right allocentric neglect dyslexia
which co-occurred with left allocentric neglect, illustrat-
ing that this dissociation applies not only to the occur-
rence of these conditions but also to their lateralization.
These findings align with previous research suggesting
that some cases of allocentric neglect dyslexia represent
content-specific impairments which are not caused by
domain-general visuospatial deficits (Caramazza &
Hillis, 1990; Friedmann & Nachman-Katz, 2004;
Moore & Demeyere, 2018). However, as some cases of
allocentric neglect dyslexia were found to co-occur with
domain-general neglect it seems that this explanation
cannot be applied to all cases of this impairment.

Our findings are in line with a conceptualization of
neglect dyslexia as a heterogenous condition with some
cases being attributable to domain-general impairments
and other cases to content-specific cognitive problems
(Hillis & Caramazza, 1995; Moore & Demeyere, 2017).
Our data does not support a view that allocentric neglect
dyslexia, in the absence of visuospatial neglect can be fully
explained by other domain-general vision impairments
(e.g., hemianopia, quadrantanopia) (Habekost & Starrfelt,
2006). Only 1 patient with allocentric neglect dyslexia in
the absence of visuospatial neglect exhibited significant
visual field impairment on the confrontation test.
Additionally, visual field impairments can often be com-
pensated for by visual scanning of written stimuli mean-
ing that it seems unlikely that visual field impairment
could explain the remaining occurrences of allocentric
neglect dyslexia. Similarly, previous authors have argued
that allocentric neglect dyslexia which appears to occur
independently of domain-general neglect may be attrib-
uted to subtle neglect deficits which are exacerbated by
the increased stimulus density and attentional demand
associated with reading arrays of text (Jackson &
Coltheart, 2013; Riddoch, 1990; Riddoch, Humphreys,
Cleton, & Fery, 1990). However, this explanation cannot
account for patients who exhibit allocentric neglect dys-
lexia and domain-general neglect in conflicting lateraliza-
tions and therefore, at best, can only explain a subset of
allocentric neglect dyslexia cases.

Previous research has provided a framework for
interpreting allocentric neglect dyslexia as a content-
specific impairment. Some cases of allocentric neglect
dyslexia may be best understood as an impairment
occurring at a graphemic-level where words’ spatial
information is encoded at a representational level within
the orthographic lexicon (Caramazza & Hillis, 1990;
Hillis & Caramazza, 1995; Jackson & Coltheart, 2013).
Hillis and Caramazza (1995) propose a three-tier model
of neglect dyslexia in which reading errors can occur
within a retinocentric (egocentric), object-centered, or
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word-centered frame of reference. This model seems to
neatly account for differential performance of allo-
centric neglect dyslexia as well as providing
a theoretical framework which can help explain why
some patterns of allocentric neglect dyslexia might not
be related to domain-general spatial biases. Impairment
to domain-general visual processes might produce
a retinocentric neglect dyslexia error pattern but impair-
ment to a graphemic level of spatial representation
could plausibly result in a content-specific impairment.

Allocentric neglect dyslexia likely represents a highly
heterogeneous condition with some cases being caused
by domain-general impairments, content-specific
impairments, or a combination of the two (Hillis &
Caramazza, 1995; Moore & Demeyere, 2017; Vallar
et al., 2010; Young et al., 1991). Future investigations
need to account for the complexity of this syndrome if
understanding of allocentric neglect dyslexia’s under-
lying cognitive impairments is to be advanced.

The implications of this investigation are particularly
relevant when considered in the context of current post-
stroke rehabilitation approaches. If egocentric neglect
dyslexia reading impairment is caused by domain-
general visuospatial deficits, this reading impairment
would be expected to benefit from rehabilitation strate-
gies which improve these domain-general impairments.
Many egocentric neglect rehabilitation strategies have
been proposed (Bowen & Lincoln, 2007; Bowen &
Wenman, 2002; Yang, Zhou, Chung, Li-Tsang, & Fong,
2013) as well as several specifically designed to ameliorate
reading impairment in patients with domain general
visuospatial impairment (Leff & Behrmann, 2008).
However, although many cases of allocentric neglect dys-
lexia appear to be a result of these domain-general atten-
tional biases it seems likely that not all patients with this
reading impairment will benefit from domain-general
rehabilitation. It is therefore critically important for
future research to design and develop allocentric neglect
dyslexia specific rehabilitation strategies which aim to
help patients suffering from this reading-specific impair-
ment in the absence of a domain-general neglect
impairment.

Limitations

Several potential limitations were encountered in this
investigation. First, the OCS and BCoS are intended to
serve as multidomain screening tools rather than
detailed cognitive assessments. For this reason, these
screens’ reading tasks are comparatively very short
with each patient reading between 15-42 words. These
brief reading tasks, combined with the stringent criteria
employed for classification, were likely only sensitive

enough to detect more severe cases of neglect-related
reading impairment. Similarly, these reading tasks were
designed to screen for and detect several forms of
acquired dyslexia and are therefore not specifically opti-
mized for detecting neglect dyslexia. The current find-
ings therefore cannot be employed to accurately
calculate the incidence rate of neglect-related reading
impairments. This limitation however, does not influ-
ence the accuracy of the conclusions regarding neglect
dyslexia error patterns within the patients who were
identified. Additionally, previous research has strongly
suggested that administering multiple, separate tests of
neglect is the most reliable method for identifying
visuospatial  neglect impairment in  patients
(Gottesman et al, 2010; Halligan, Cockburn, &
Wilson, 1991; Huygelier, Moore, Demeyere, &
Gillebert, In Review; Lindell et al., 2007). However, as
this investigation employed existing data it was not
possible to include additional neglect tests.

Of the 17 patients exhibiting clear allocentric neglect
dyslexia in this study, clinical admission CT scans were
available only for 11 patients, and 4 of these scans
showed no visible lesions. This is not unexpected as
admission CT scans do frequently produce false nega-
tives due to the time it takes for cerebrospinal fluid to
occupy the lesioned space (Gonzalez, 2005; Merino &
Warach, 2010). The remaining 7 patients with lesion
data presented too small a subset to produce sufficiently
powered results, meaning that this study was not able to
investigate the neural correlates of neglect dyslexia.
Although previous investigations have identified cases
of allocentric neglect dyslexia occurring in the absence
of contralateral lesions (Friedmann & Nachman-Katz,
2004; Moore & Demeyere, 2018), there is a chance that
cases of ipsilesional allocentric neglect dyslexia or read-
ing impairment following a TIA were lasting conse-
quences of a previous cerebrovascular accident which
was not recorded in patients’ most recent medical notes.
For this reason, this study does not attempt to draw
conclusions relating to stroke type or side and neglect
dyslexia impairment.

Conclusions

The findings of this investigation clearly demonstrate
that allocentric neglect dyslexia cannot be fully
explained as a consequence of allocentric visuospatial
neglect. Similarly, this study suggests that neglect-
related reading impairments may be best understood
as a cluster of dissociable reading impairments rather
than a unitary syndrome. It is therefore critically impor-
tant for future research to elucidate the specific cogni-
tive mechanisms underlying neglect-related reading



impairment to account for this heterogeneity and for
new and tailored rehabilitation strategies to be designed
and tested.

Acknowledgments

This work was funded by Stroke Association UK awards to
ND (TSA2015_LECT02) and to MJM (SA PGF 18\100031),
the Wellcome Trust to CRG (101253/A/13/Z) and was sup-
ported by the National Institute for Health Research (NIHR)
Oxford Biomedical Research Centre (BRC) based at Oxford
University Hospitals NHS Trust. We would like to express our
sincere gratitude and admiration to the late Prof Glyn
W Humphreys, who led the BUCS study and initiated the
OCS work. We also thank the many contributors to the BUCS
study (including but not limited to Dr Wai-Ling Bickerton,
Dr Dana Samson, Dr Pia Rotshtein, Dr Johnny King, Dr Lara
Harris, Prof M Jane Riddoch) and the research facilitators
from the then West-Midlands Stroke Research Network. The
OCS study was supported by the National Institute for Health
Research Clinical Research Network, where we would parti-
cularly like to thank Ms Rachel Teal and the Multidisciplinary
Team at the acute stroke unit at the John Radcliffe Hospital.
We also acknowledge the contributions to data collection and
curation for the OCS data made by Ms Ellie Slavkova, Ms
Grace Chiu and Ms Romina Basting. Finally, we would like to
thank Professor Olaf Sporns for helping to supervise MJM
during a preliminary version of this project.

Author contributions

MJM helped design the study, conducted analysis, and drafted
manuscript. NS aided in study design, patient selection, and
manuscript revision. CG assisted in patient selection and
manuscript revision. ND conceived the study, assisted in
patient selection and manuscript revision.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the Stroke Association UK [SA
PGF 18\100031, TSA2015_LECTO02]; Wellcome Trust
[101253/A/13/Z]; National Institute for Health Research
(NIHR) Oxford Biomedical Research Centre (BRC) based at
Oxford University Hospitals NHS Trust.

ORCID

Celine R. Gillebert
Nele Demeyere

http://orcid.org/0000-0001-6686-7262
http://orcid.org/0000-0003-0416-5147

JOURNAL OF CLINICAL AND EXPERIMENTAL NEUROPSYCHOLOGY e 361

References

Baylis, G. C., Baylis, L. L., & Gore, C. L. (2004). Visual neglect
can be object-based or scene-based depending on task
representation. Cortex, 40(2), 237-246.

Beschin, N., Cisari, C., Cubelli, R., & Della Sala, S. (2014).
Prose reading in neglect. Brain and Cognition, 84(1), 69-75.

Bickerton, W.-L, Samson, D., Williamson, J, &
Humphreys, G. (2011). Separating forms of neglect using
the apples test: Validation and functional prediction in
chronic and acute stroke (Vol. 25). doi:10.1037/a0023501

Bowen, A., & Lincoln, N. (2007). Cognitive rehabilitation for
spatial neglect following stroke. Cochrane Database of
Systematic Reviews, 2. d0i:10.1002/14651858.CD003586.pub2

Bowen, A., & Wenman, R. (2002). The rehabilitation of uni-
lateral neglect: A review of the evidence. Reviews in Clinical
Gerontology, 12(4), 357-373.

Caramazza, A., & Hillis, A. E. (1990). Spatial representation of
words in the brain implied by studies of a unilateral neglect
patient. Nature, 346(6281), 267-269.

Demeyere, N., & Gillebert, C. (2017). Dissociating ego-
and allocentric neglect after stroke: Prevalence, laterality
and outcome predictors. BioRxiv, 200386. do0i:10.1101/
200386

Demeyere, N., & Gillebert, C. R. (2019). Ego-and allocentric
visuospatial neglect: Dissociations, prevalence, and lateral-
ity in acute stroke. Neuropsychology, 33(4), 490.

Demeyere, N., Riddoch, M. J., Slavkova, E. D., Bickerton, W.-
L., & Humphreys, G. W. (2015). The Oxford Cognitive
Screen (OCS): Validation of a stroke-specific short cogni-
tive screening tool. Psychological Assessment, 27(3),
883-894.

Driver, J., & Pouget, A. (2000). Object-centered visual neglect,
or relative egocentric neglect? Journal of Cognitive
Neuroscience, 12(3), 543-545.

Ellis, A. W., Flude, B. M., & Young, A. W. (1987). “Neglect
dyslexia” and the early visual processing of letters in words
and nonwords. Cognitive Neuropsychology, 4(4), 439-464.

Ellis, A. W., & Young, A. W. (2013). Human cognitive neu-
ropsychology: A textbook with readings. Hove, UK:
Psychology Press.

Friedmann, N., & Nachman-Katz, I. (2004). Developmental
neglect dyslexia in a hebrew-reading child. Cortex, 40(2),
301-313.

Galletta, E. E., Campanelli, L., Maul, K. K., & Barrett, A. M.
(2014). Assessment of neglect dyslexia with functional
reading materials. Topics in Stroke Rehabilitation, 21(1),
75-86.

Gonzilez, R. G. (Ed.). (2005). Acute ischemic stroke: Imaging
and intervention. Berlin: Springer.

Gottesman, R. F., Kleinman, J. T., Davis, C., Heidler-Gary, J.,
Newhart, M., & Hillis, A. E. (2010). The NIHSS-plus:
Improving cognitive assessment with the NIHSS [research
article]. doi:10.3233/BEN-2009-0259

Habekost, T., & Starrfelt, R. (2006). Alexia and
quadrant-amblyopia: Reading disability after a minor visual
field deficit. Neuropsychologia, 44(12), 2465-2476.

Halligan, P. W., Cockburn, J., & Wilson, B. A. (1991). The
behavioural assessment of visual neglect.
Neuropsychological Rehabilitation, 1(1), 5-32.


https://doi.org/10.1037/a0023501
https://doi.org/10.1002/14651858.CD003586.pub2
https://doi.org/10.1101/200386
https://doi.org/10.1101/200386
https://doi.org/10.3233/BEN-2009-0259

362 (&) M.J. MOORE ET AL.

Halligan, P. W., Fink, G. R., Marshall, J. C., & Vallar, G.
(2003). Spatial cognition: Evidence from visual neglect.
Trends in Cognitive Sciences, 7(3), 125-133.

Haywood, M., & Coltheart, M. (2000). Neglect dyslexia and the
early stages of visual word recognition. Neurocase, 6(1), 33-44.

Hillis, A. E., & Caramazza, A. (1995). A framework for inter-
preting distinct patterns of hemispatial neglect. Neurocase,
1(3), 189-207.

Humphreys, G. W., Bickerton, W.-L., Samson, D., &
Riddoch, M. J. (2012). BCoS cognitive screen. Retrieved
from https://dial.uclouvain.be/pr/boreal/object/
boreal:111528

Husain, M., & Kennard, C. (1997). Distractor-dependent
frontal neglect. Neuropsychologia, 35(6), 829-841.

Huygelier, H., Moore, M. J., Demeyere, N., & Gillebert, C. R.
(In Review). Non-spatial impairments affect false positive
neglect diagnosis based on cancellation tasks. Journal of the
International Neuropsychological Society.

Jackson, N. E., & Coltheart, M. (2013). Routes to reading
success and failure: Toward an integrated cognitive psychol-
ogy of atypical reading. New York, NY: Psychology Press.

Kartsounis, L. D., & Findley, L. J. (1994). Task specific visuos-
patial neglect related to density and salience of stimuli.
Cortex, 30(4), 647-659.

Lee, B. H., Kim, E.-J,, Seo, S. W., Choi, K. M., Kim, G.-M.,,
Chung, C.-S., ... Na, D. L. (2009). Neglect dyslexia:
Frequency, association with other hemispatial neglects,
and lesion localization. Neuropsychologia, 47(3), 704-710.

Leff, A., & Starrfelt, R. (2014). Hemianopic Alexia. Alexia (pp.
31-69). doi:10.1007/978-1-4471-5529-4_2

Leff, A. P., & Behrmann, M. (2008). Treatment of reading impair-
ment after stroke. Current Opinion in Neurology, 21(6), 644.

Lindell, A. B., Jalas, M. ], Tenovuo, O., Brunila, T,
Voeten, M. J. M., & Hamaldinen, H. (2007). Clinical assess-
ment of hemispatial neglect: Evaluation of different mea-
sures and dimensions. The Clinical Neuropsychologist, 21
(3), 479-497.

Merino, J. G., & Warach, S. (2010). Imaging of acute stroke.
Nature Reviews Neurology, 6(10), 560-571.

Moore, M. J., & Demeyere, N. (2017). Neglect dyslexia in
relation to unilateral visuospatial neglect: A review. AIMS
Neuroscience 2017, 4, 148-168.

Moore, M. J., & Demeyere, N. (2018). Neglect dyslexia as a
word-centred impairment: A single case study. Cortex.
doi:10.1016/j.cortex.2018.10.024

Moore, M. J., Vancleef, K., Shalev, N., Husain, M., &
Demeyere, N. (2019). When neglect is neglected: NIHSS
observational measure lacks sensitivity in identifying
post-stroke unilateral neglect. Journal of Neurology,
Neurosurgery, — and  Psychiatry,  jnnp-2018-319668.
doi:10.1136/jnnp-2018-319668

Mozer, M. C., & Behrmann, M. (1990). On the interaction of
selective attention and lexical knowledge: A connectionist
account of neglect dyslexia. Journal of Cognitive
Neuroscience, 2(2), 96-123. doi: 10.1162/jocn.1990.2.2.96

Ota, H., Fujii, T., Suzuki, K., Fukatsu, R., & Yamadori, A.
(2001). Dissociation of body-centered and
stimulus-centered representations in unilateral neglect.
Neurology, 57(11), 2064-2069.

Parton, A., Malhotra, P., & Husain, M. (2004). Hemispatial
neglect. Journal of Neurology, Neurosurgery & Psychiatry,
75(1), 13-21.

Ptak, R., Di Pietro, M., & Schnider, A. (2012). The neural
correlates of object-centered processing in reading: A lesion
study of neglect dyslexia. Neuropsychologia, 50(6),
1142-1150.

Riddoch, J. (1990). Neglect and the peripheral dyslexias.
Cognitive Neuropsychology, 7(5-6), 369-389.

Riddoch, J., Humphreys, G., Cleton, P., & Fery, P. (1990).
Interaction of attentional and lexical processes in
neglect dyslexia. Cognitive Neuropsychology, 7(5-6),
479-517.

Shallice, T. (1988). From neuropsychology to mental structure.
Cambridge, UK: Cambridge University Press.

Turton, A. J., Dewar, S. J., Lievesley, A., O’Leary, K., Gabb, J.,
& Gilchrist, I. D. (2009). Walking and wheelchair naviga-
tion in patients with left visual neglect. Neuropsychological
Rehabilitation, 19(2), 274-290.

Vallar, G., Burani, C., & Arduino, L. S. (2010). Neglect dys-
lexia: A review of the neuropsychological literature.
Experimental Brain Research, 206(2), 219-235.

Yang, N. Y. H., Zhou, D., Chung, R. C. K,, Li-Tsang, C. W. P,,
& Fong, K. N. K. (2013). Rehabilitation interventions for
unilateral neglect after stroke: A systematic review from
1997 through 2012. Frontiers in Human Neuroscience, 7.
doi:10.3389/fnhum.2013.00187

Young, A. W., Newcombe, F., & Ellis, A. W. (1991). Different
impairments contribute to neglect dyslexia. Cognitive
Neuropsychology, ~ 8(3-4),  177-191.  doi:10.1080/
02643299108253371


https://dial.uclouvain.be/pr/boreal/object/boreal:111528
https://dial.uclouvain.be/pr/boreal/object/boreal:111528
https://doi.org/10.1007/978-1-4471-5529-4_2
https://doi.org/10.1016/j.cortex.2018.10.024
https://doi.org/10.1136/jnnp-2018-319668
https://doi.org/10.1162/jocn.1990.2.2.96
https://doi.org/10.3389/fnhum.2013.00187
https://doi.org/10.1080/02643299108253371
https://doi.org/10.1080/02643299108253371

	Abstract
	Introduction
	Methods
	Methods/materials
	Neglect-related reading error identification
	Participants

	Results
	Discussion
	Limitations
	Conclusions

	Acknowledgments
	Author contributions
	Disclosure statement
	Funding
	ORCID
	References



