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Neglect Patients Exhibit Egocentric 
or Allocentric Neglect for the Same 
Stimulus Contingent upon Task 
Demands
Louise-Ann Leyland1, Hayward J. Godwin2, Valerie Benson2 & Simon P. Liversedge2

Hemispatial Neglect (HN) is a failure to allocate attention to a region of space opposite to where 
damage has occurred in the brain, usually the left side of space. It is widely documented that there are 
two types of neglect: egocentric neglect (neglect of information falling on the individual’s left side) and 
allocentric neglect (neglect of the left side of each object, regardless of the position of that object in 
relation to the individual). We set out to address whether neglect presentation could be modified from 
egocentric to allocentric through manipulating the task demands whilst keeping the physical stimulus 
constant by measuring the eye movement behaviour of a single group of neglect patients engaged in 
two different tasks (copying and tracing). Eye movements and behavioural data demonstrated that 
patients exhibited symptoms consistent with egocentric neglect in one task (tracing), and allocentric 
neglect in another task (copying), suggesting that task requirements may influence the nature of the 
neglect symptoms produced by the same individual. Different task demands may be able to explain 
differential neglect symptoms in some individuals.

Stroke, Hemispatial Neglect and ‘Types’ of Neglect
Every year, approximately 15 million people worldwide suffer a stroke1. Most stroke survivors experience severe 
cognitive and physical disabilities resulting from brain damage that can persist for the remainder of their lives2 
and stroke is the most common cause of chronic physical disability in adults3. Hemispatial neglect (HN) is a neu-
ropsychological condition that frequently results from stroke4 in which the patient exhibits decreased awareness, 
i.e. neglect, of an area of space (usually the left side) that is opposite to the lesioned hemisphere (contralesional). 
Patients with HN will often leave food on the contralesional side of their plate, fail to apply make-up to/shave that 
side of their face, and do not respond to people situated within the neglected region5: put simply, it is as if that 
side of space has vanished from their internal representation of the world. Hemispatial neglect is a debilitating 
disorder which is a strong predictor of hampered functional recovery, and is also a major disruptive factor imped-
ing rehabilitative success following stroke6–8. Despite its prevalence, neglect remains a very poorly understood 
phenomenon. Developing understanding of the nature of HN, and the factors that affect it, is critical for patient 
diagnosis and development of remediation treatments. It also provides direct insight into how the healthy brain 
processes spatial information9.

It is widely documented that there are two types of neglect: egocentric and allocentric. Egocentric neglect is 
apparent when objects are neglected relative to the encoder’s own position (e.g., objects that fall to the left side 
of the encoder), whereas allocentric neglect involves neglect occurring in relation to the objet itself, regardless of 
its position relative to the encoder (e.g., the left side of an object would be neglected even if the object itself was 
entirely located on the right side of the encoder).

Clinicians and research scientists have argued that these different types of neglect result from disruption to 
different regions of the brain. Damage to the dorsal stream of visual processing, specifically the right supramar-
ginal gyrus, has been associated with egocentric neglect, and disruption to the ventral streams of visual process-
ing, particularly the posterior inferior temporal gyrus, with allocentric neglect10. To this extent, these categories 
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of HN are frequently considered to be mutually exclusive. Accordingly, many studies have used a between partic-
ipant design to investigate these forms of neglect11–15 with few studies using a within participant design to assess 
factors, for example task requirements, that may affect the presentation of the type of neglect (i.e., whether it is 
egocentric or allocentric neglect)16. A consequence of this approach is that often studies have not directly inves-
tigated the impact of task demands on the type of neglect presentation within the same patient when presented 
with the same stimulus. Here we directly address this issue, demonstrating that the specific demands of two simi-
lar tasks, namely, copying a figure and tracing a figure, cause the same participants to exhibit behaviour consistent 
with egocentric neglect when tracing and allocentric neglect when copying.

In a relevant study, Karnath and Niemeier16 employed a visual search task to investigate whether varying task 
instructions for three patients with left neglect affected the type of neglect they exhibited. Eye movements were 
recorded to examine inspection patterns during search for a target letter across a stimulus set comprised of multiple 
different letters. Importantly, the visual array was either categorised as homogeneous (where all the letters com-
prising the search array were the same colour) or segmented (where the letters comprising the search array were 
presented in vertical bands of different colours, either with or without a visible line demarcating the boundaries of 
the bands). Patients were required to undertake target search in the homogeneous array and subsequently to restrict 
their search in the segmented condition to one of the bands denoted by letters being a particular colour. Karnath and 
Niemeier found that when each participant searched the homogeneous visual array, the left half of the entire array 
was neglected. However, in the segmented condition, participants only failed to inspect the left side of the band of 
coloured letters to which they had been directed. Therefore, in the segmented condition patients neglected an area of 
space that was previously attended to and searched effectively in the homogenous condition.

Although Karnath and Niemeier’s findings are interesting, there are several confounds within their experi-
mental design that bring their conclusions into question. First, the working memory and visual processing loads 
are clearly not consistent for the two types of stimuli in the search task, as, for example, a smaller region of space 
is required to be searched in the segmented condition. Second, it is unclear whether the change in the nature of 
the task, or instead, the change in the nature of the stimulus (colouring of the letters and presenting clear bound-
aries for the regions) brought about the effects that they observed. It is very well documented that the basic visual 
properties of a stimulus fundamentally influence the manner in which that stimulus is visually processed (e.g., 
how we process illusory objects such as Kanisza squares17; the efficiency and automaticity with which we process 
colour18, 19). Furthermore, it is also the case that specifically instructing patients as to how they should allocate 
their visual attention during search fundamentally alters their search behaviour17. A critical point to note here is 
that it is impossible to evaluate the strength of Karnath and Niemeier’s claims when experimental confounds exist. 
Evidence that would be far more compelling in relation to this issue would derive from experimental stimuli that 
were identical under different experimental conditions, and, for which task instructions did not explicitly direct 
patients in how they should allocate their attention.

For these reasons, we undertook an investigation of whether the presentation of neglect (i.e., egocentric or 
allocentric) could be manipulated by implicit task demands within patients who all consistently exhibited classic 
egocentric patterns of neglect as indexed by standardised tasks. Furthermore, in our eye movement experiment 
we used stimuli that were identical in terms of their visual information, but asked participants to view those stim-
uli under different experimental conditions. Doing so enabled us to circumvent confounds surrounding symp-
tomatic behavioural changes in our patients that may have arisen due to differences in the physical properties of 
the stimuli. Finally, and very importantly, we employed task instructions that did not explicitly direct patients to 
allocate their attention differently under different experimental conditions. Instead, our task instructions under 
the different experimental conditions were such that they implicitly required patients to differentially allocate 
their attention with respect to the stimulus in order to succeed in their task. In our study, we simply required 
patients to either trace or copy a picture and we tracked their eye movements as they undertook these tasks. Eye 
movement recording provides an excellent online method to investigate the moment-to-moment visual, cogni-
tive and attentional processes that occur during completion of a task20. Also, eye tracking often provides a more 
sensitive measure of spatial deficits than do simple behavioural responses16.

In our experiment we employed two identical sets of stimuli for two conditions: a Copying Condition and a 
Tracing Condition. The stimuli that were to be copied or traced took the form of outline drawings of two horizon-
tally adjacent human heads and shoulders (one male, one female, see Fig. 1). During copying, successive process-
ing episodes are required in which a portion of the visual array is encoded and then represented in memory, after 
which a representation corresponding to that stored in memory is reproduced on the page21, 22. Through multiple 
episodes, a copier incrementally develops a replica of the stimulus. Critically, in this situation the copier must 
encode and represent the spatial relations that exist in, and between, the component parts of the stimulus image. 
Ordinarily, attention will be allocated to each meaningful portion of the stimulus sequentially. For example, the 
copier might first produce a copy of the head and shoulders on the right, and then, after the rightward stimulus 
has been copied to satisfaction, they might then produce a copy of the head and shoulders on the left. To be clear, 
when copying such a stimulus, it is extremely unlikely that the copier would produce a small portion of the right 
head, then a small portion of the left head, then a small portion of the right head, etc. The theoretically important 
point here is that, during copying, attention is allocated initially exclusively to one of the heads, and subsequently, 
exclusively to the other. Therefore, in neglect it is likely that the left side of each figure would be neglected.

A strikingly different situation arises in the Tracing Condition. During tracing, a line must be drawn over 
the outline representing the stimulus image that is already present on the page. During tracing, the tracer is not 
required to engage in a series of successive, discrete, iterative, episodes of reproduction of a portion of the stim-
ulus, as occurs in copying. Instead, tracing occurs via a more fluid, single, continuous process, operationalized 
over the stimulus as a whole. During tracing, the tracer maintains the pen’s pursuit of the stimulus outline from 
the starting point until the trace is completed, that is, until the perceived stimulus has been reproduced in its per-
ceived entirety. This means that it is likely that the left side of that whole perceived stimulus may not be attended 
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to in neglect. In contrast, during copying of the stimulus, the separate figures may be represented as two distinct 
units and therefore the left side of each of those units may not be attended to in neglect.

It is our contention that differences in symptoms of neglect arise due to implicit task requirements under 
conditions of a constant external visual environment, and that different symptoms may arise in the same patient, 
reflecting changes in the nature of visuo-cognitive processing in response to specific task demands. To be clear, 
we do not regard egocentric and allocentric presentations of neglect to necessarily reflect categories of neglect 
patients (NPs) that have distinct disorders of attentional processing. To allow us to quantify attentional allocation 
across the stimulus, we divided the stimulus array into four regions (Far Left, FL; Near Left, NL; Near Right, NR; 
and Far Right, FR; see Fig. 2). For copying, we expected that NPs would allocate their attention sequentially, first 
exclusively to the figure on the right, and then exclusively to the figure on the left. For this reason, in relation to 
copying accuracy (i.e., percentage completion of the figure), we predicted that NPs would fail to produce the 
left side of each figure in turn (i.e., reduced completions in the FL and NR regions), relative to matched control 
participants. Conversely, during the Tracing Condition, we anticipated that NPs would allocate their attention to 
the stimulus as a whole, and therefore, have reduced completion accuracy for the left portion of the whole array, 
that is, the entire left figure (FL and NL regions). Furthermore, on the assumption that eye movement behaviour 
would reflect such attentional allocation, in line with our completion predictions, we also anticipated that NPs 
would spend more time fixating the NR and FR regions than the NL and FL regions during tracing, and more 
time fixating the NL and FR regions than the FL and NR regions during copying. In matched control participants, 
we expected the time spent fixating each of the regions to be equivalent.

Results and Discussion
In line with our predictions, in the Tracing Condition, NPs had reduced completion accuracy (proportion of 
component parts of the image being successfully reproduced) for the figure presented on the left side of the stim-
ulus compared to the control participants (Stroke Controls [SCs] and Older Adult Controls [OACs]) demonstrat-
ing a pattern of behaviour consistent with egocentric neglect (see individual patient data for figure completion 
accuracy in Table S1 and the pictures patients produced in the Supplementary Information). In the Copying 
Condition, an allocentric pattern of neglect was apparent, with NPs having reduced completion accuracy for 
the left side of each figure (FL and NR regions). That is, in the Copying Condition, NPs demonstrated increased 
accuracy (copying more parts of the image) in the NL region (the right side of the left face) compared to in the 
Tracing Condition. This indicates that the task demands resulted in more attention being allocated to the left face 
in the Copying compared to the Tracing Condition.

To examine this further, visual sampling of the information was analysed by comparing the proportion of time 
spent fixating different regions across the stimulus. We used the proportion of time spent fixating, rather than the 
actual time spent fixating to counteract differences in completion times across participants and tasks. There were 
significant interactions between region and group, F(6, 51) = 10.51, p < 0.001, ηp

2 = 0.55, task and region, F(3, 
51) = 4.62, p = 0.006, ηp

2 = 0.21, and region, group and task, F(6, 51) = 6.08, p < 0.001, ηp
2 = 0.42. These interac-

tions arose from NPs differing in the proportion of time spent fixating regions in the stimuli across the two tasks, 
with a significant main effect of region, F(3, 15) = 13.09, p < 0.001, ηp

2 = 0.72, and region by task interaction for 
NPs, F(3, 15) = 8.24, p = 0.002, ηp

2 = 0.62, which was absent for SCs, F(3, 12) = 0.69, p = 0.502, and OACs, F(3, 

Figure 1.  Figures used in the Tracing and Copying Conditions. The participants either traced or copied (a) and 
(d) or (b) and (c).
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24) = 1.75, p = 0.184. As with the completion data, the NPs spent less time fixating the left side of the whole stim-
ulus (the FL and NL regions) in the Tracing Condition than the right side of the stimulus, but less time fixating 
the left side of each figure (FL and NR) than the right sides of the figures (NL and FR) in the Copying Condition. 
This pattern is apparent in the data presented in Fig. 3.

As predicted, during the Tracing Condition, NPs neglected information on the left of the entire image, suggesting 
an egocentric frame of reference was operating during that task. Information to the left of the patients’ midline was 
fixated for less time compared to regions to the right of their midline, t (11) = 4.08, p = 0.002. This suggests that the 
NPs were representing the stimulus as a whole and, therefore, neglecting the left side of the stimulus.

In stark contrast, when completing the Copying Condition, an allocentric frame of reference appeared to be 
operating, with NPs spending less time fixating the left side of each figure (corresponding to the far left [FL] and 
near right [NR] regions of the stimulus) than the right side of each figure (corresponding to the near left [NL] 
and far right [FR] regions of the stimulus). In the Copying Condition, NPs spent less time fixating the FL and NR 
regions (the left side of both of the figures) than the NL and FR regions (the right side of the figures), t (11) = 6.07, 
p < 0.001. This pattern was also evident in the number of fixations made by NPs in the regions for the two differ-
ent tasks (see Fig. S2 in the Supplementary Information).

To be clear, the task demands (whether the participant was required to trace or copy an image) had an impact 
on how the task was undertaken, affecting how the stimulus was represented and, subsequently, which informa-
tion was neglected. In the Tracing Condition, where the NPs were required to trace over the whole image, the eye 
movements provided evidence to indicate that they were representing the stimulus as a whole, which was reflected 
in a failure to sample the whole left figure (in the contralesional regions of the stimulus [FL and NL]; see example 
in Fig. 4). However, when NPs had to form and store a representation in order to accurately reproduce the figure in 
the Copying Condition, NPs appeared to be operating on one figure at a time, resulting in the left side of each figure 
being fixated for less time compared to the right side of the figure. Therefore, processing of the two figures appeared 
to be serial and sequential in the Copying Condition as opposed to parallel in the Tracing Condition.

Importantly, the overriding pattern of performance across the group of NPs was one consistent with allo-
centric neglect in the Copying Condition and egocentric neglect in the Tracing Condition (see Table S1 in the 
Supplementary Information and the images produced by the patients). This consistency across all NP participants 
suggests that it was not the ‘type’ of neglect that the patient presented with (e.g., egocentric or allocentric) that 
resulted in the pattern of behaviour observed, but instead, it was the particular demands in terms of attentional 
allocation for the different tasks, that caused differential processing of information, and that is what resulted in 
particular spatial information being neglected in the different tasks. The nature of neglect symptoms, therefore, can 
arise as a direct consequence of what the patient is required to do during a given task, and how they represent the 
stimulus based on the specific task requirements. The fact that all NPs presented with both ‘types’ of neglect symp-
toms under different circumstances raises questions in relation to procedures associated with NP categorisation, 

Figure 2.  Regions of interest on one of the stimuli used in the Tracing and Copying Conditions. The stimulus 
was divided into equal quadrants that provided four regions of interest along the horizontal plane (Far Left, 
Near Left, Near Right and Far Right) for the behavioral (figure completion accuracy) and eye movement 
measures (fixations).
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Figure 3.  Proportion of the total trial time spent fixating the four regions of the stimulus (Far Left, Near 
Left, Near Right and Far Right) during the Tracing and Copying Condition for the Neglect Patients (NPs), 
Older Adult Controls (OACs) and Stroke Controls (SCs). Error bars represent the 95% confidence interval 
around the mean. The same pattern of behaviour was found for the number of gazes meaure (see Fig. S2 in the 
Supplementary Information).

Figure 4.  Example of an NP’s performance (Case 1) in the Tracing and Copying Conditions. The transparent 
regions on the Tracing Condition figure are those areas that the NP failed to draw over and the lines indicated 
in blue are those that were traced. For the Tracing Condition the NP neglected the whole left face (FL and NL 
regions) and parts of the left side of the right face (NR region) demonstrating egocentric neglect. Allocentric 
neglect was demonstrated by the same NP during the Copying Condition, where the left sides of the left (FL 
region) and right faces (NR region) were now neglected.

http://S2
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and also demonstrates the possibility that egocentric and allocentric neglect may neither be mutually exclusive, nor 
necessarily distinct syndromes. We have demonstrated that an egocentric pattern of neglect is exhibited during one 
experimental condition, and when interacting with the same stimulus in a different experimental condition, an allo-
centric pattern of neglect is apparent within the same patients, when the lesion location remains constant.

The findings demonstrate that allocentric neglect can be exhibited if the task encourages each object to be 
processed individually, as in the Copying Condition. Therefore, this type of neglect as demonstrated in some 
studies may reflect the task demands imposed on the participant, rather than particular deficits experienced by 
different NPs. Different task demands resulting in differential patterns of neglect may be able to explain a number 
of findings for the existence of allocentric neglect. These findings imply that there are different levels of granu-
larity for representation of the visual environment (e.g., all space in front of the participant, the piece of paper 
presented to them, images presented on the page). Depending on the representation that is activated as a result of 
the requirements of the task, differential information will be neglected. Although these findings do not preclude 
the possibility of different NPs’ presenting with different types of neglect (e.g., egocentric and allocentric), they 
imply that the nature of the neglect symptoms that manifest may reflect the demands of the task that is being 
conducted by the NP at the current moment in time. To be clear, the task demands (whether the participant was 
required to trace or copy an image) had an impact on how the task was undertaken, affecting how the stimulus 
was represented and, consequently, which information was neglected.

Another important implication of these findings is that they demonstrate that an area of space that is not 
attended to in one condition can be voluntarily attended to in another condition by a HN patient, without instruc-
tion to do so. For example, HN patients spent more time fixating a region of space that was neglected, the NL 
region (as this was the right side of the left face), in the Copying Condition compared to in the Tracing Condition. 
Thus, the results demonstrate that regions of neglect may be moderated through manipulation of task demands 
that require operationalization of different frames of reference. On this basis, it seems reasonable to conclude that 
neglect is a dynamic disorder in nature23, and that task demands can have a direct impact on the presentation of 
neglect: specifically the reference frame that operates at any given time. It is important to note that this is the first 
demonstration of egocentric and allocentric neglect in the same group of NPs for the same stimulus that has not 
been modified to influence processing.

In summary, all NPs in the study exhibited different ‘types’ of neglect under different circumstances (for dif-
ferent task requirements), indicating that the processing and representation of the stimulus differed depending 
on the current task being undertaken. Therefore, activation of egocentric representations (or object-based allo-
centric representations) may be determined by the requirements of the task in which the NP is currently engaged. 
Differences in symptoms of neglect can arise due to implicit task requirements under conditions of a constant 
external visual environment, and those different symptoms may arise in the same patient for whom lesion loca-
tion remains constant. Furthermore, such differences reflect changes in the nature of visuo-cognitive processing 
in response to specific task demands. To be clear, task demands (i.e., tracing or copying an image) had a direct 
impact on how the task was undertaken, affecting how the stimulus was represented, and subsequently, which 
information was neglected. More generally, our findings provide important insight into factors affecting neglect 
symptoms that are critical for patient diagnosis.

Method
Participants.  The sample comprised 6 stroke patients who had right hemisphere damage with left hemispa-
tial neglect (NPs), 5 stroke patients who had had a right hemisphere stroke but did not exhibit neglect (Stroke 
Controls; SCs) and 9 healthy older adult controls (Older Adult Controls; OACs). There were 15 females and 5 
males in total. All were right handed. NPs had an age range of 50–78 years (M = 64.67 years, SD = 11.31 years), 
SCs 62–84 years (M = 73.20 years, SD = 9.83 years) and OACs 52–82 years (M = 67.56 years, SD = 9.95 years). 
All NPs were in the acute phase (prior to 3-months post-stroke), with the number of days post-stroke at the 
time of participating in the experiment ranging from 2–59 (M = 25.00, SD = 19.60) for NPs and 2–100 for SCs 
(M = 47.00, SD = 42.83), which did not differ significantly, t(9) = −1.133, p = 0.143. NPs and SCs did not differ 
in number of years spent in education, t (9) = 0.31, p = 0.761. However, both NPs and SCs spent fewer years in 
education than the OACs, t (13) = 2.47, p = 0.028, although this was marginal for SCs, t (12) = 1.90, p = 0.081. The 
presence or absence of neglect was quantified from the performance on a sub-set of the BIT24. Using the clinical 
diagnosis, the BIT score and observation of behaviors during the tasks indicative of neglect (e.g. immediately 
orienting to the right and repeatedly crossing through ipsilesional targets) the presence of neglect was confirmed 
(see Table 1). Patients all consistently exhibited classic egocentric patterns of neglect as indexed by these stand-
ardised tasks (the BIT tasks).

Patients were recruited consecutively during the course of the project. The inclusion criteria consisted of the 
following: the patient had a stroke and had been diagnosed with hemispatial neglect, was above the age of 18 and 
was capable of making an informed decision of whether to partake in the research (based on consultant psycholo-
gist’s/stroke team’s assessments). The exclusion criteria were as follows: diagnosis of dementia, extreme motoric 
dysfunction (e.g. unable to make and sustain arm movements on the side unaffected by the stoke), and/or partial 
sightedness due to damage/degradation of the structure of the eye/retina.

Lesion location information was obtained from the available Computed Tomography (CT) head/brain scan 
reports contained within the patients’ medical notes at the admitting hospital. The majority of the NPs had a 
Partial Anterior Circulation (PACs) or Total Anterior Circulation (TACs) unilateral infarct within the Right 
Middle Cerebral Artery (RMCA) territory lesioning the right frontoparietal or occipital lobes and for some 
patients including the right insula, sulci, sylvian fissure, operculum, the internal capsule, and lentiform nucleus. 
One NP (Case 5) also had damage to the lateral aspect of the right occipital lobe but, note, that this participant 
did not exhibit visual field loss. The SCs tended to have RMCA initiated infarcts resulting in damage to the right 
caudate nucleus, insula, putamen, lacunar, precentral gyrus and basal ganglia.
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All experiments were performed in accordance with the Declaration of Helsinki. Informed consent was 
gained from each participant. This study received School of Psychology, University of Southampton and NHS 
Southampton REC National Research Ethics Service ethical approval and was adopted by the UK Stroke 
Research Network (SRN) portfolio. The patients were recruited from the following sites included in the project: 
Southampton General Hospital, Royal Hampshire County Hospital, Royal Bournemouth Hospital, Poole General 
Hospital and Lymington New Forest Hospital.

Stimuli.  In the Tracing Condition, participants were presented with a line drawing of two faces displayed on 
an A4 landscape piece of paper (see Fig. 1). Participants were required to mark all the lines within the image with 
a pen as if tracing the image onto another piece of paper on top of the original.

The Copying Condition required the participant to copy the line drawing of two faces, similar to those included 
in the Tracing Condition onto a separate piece of paper placed beneath the original. There were four versions of this 
stimulus to be used in these conditions (see Fig. 1). Participants either received figures labelled 1 and 4 or 2 and 3 
in Fig. 1). These were counterbalanced across participants for the condition in which the stimulus appeared (i.e. 
Tracing or Copying Condition) and the conditions were counterbalanced for order presentation across participants.

Screening Tests.  A number of tests were conducted prior to the tasks being completed and information was 
obtained to acquire measures of pre-stroke IQ (NART), memory (MMSE), visual acuity (Snellen), visual fields 
(Confrontation Visual Field Testing), and inattention (BIT).

Demographic information such as age, handedness, gender and lesion location for patients was also gathered. 
The NPs did not significantly differ on the MMSE, NART and Snellen Visual Acuity Test from SCs, t (9) = 2.03, 
p = 0.087, t(9) = 1.50, p = 0.169, t(9) = 0.01, p = 0.989. These screening results demonstrate that any poor task 
performance limited to NPs would be unlikely to be a result of differences between NPs and controls on IQ, mem-
ory or visual acuity measures. As expected, groups significantly differed on the BIT, F (2, 17) = 42.47, p < 0.001, 
ηp

2 = 0.83. NPs had far poorer performance than SCs, t (9) = 5.79, p = 0.002, and OACs, t (13) = 6.21, p = 0.001, 
demonstrating clinical neglect. Thus, any differences in figure completion accuracy or patterns of eye movement 
measures between NPs and control participants are likely to reflect inattention in neglect.

Apparatus.  A 76.2 cm × 59.9 cm easel positioned at a slant of 67° was used to display the stimuli. This was 
placed on a desk in front of the participant and was located at an average viewing distance of 55 cm. The par-
ticipants were seated in an adjustable chair with their heads resting on a chin rest in order to minimise head 
movements and to ensure the stimulus was centred on the sagittal mid-plane of the participants’ head and trunk.

The eye-tracking data were gathered using an Applied Science Laboratories E5000 eye-tracker, running at 
60 Hz. This video-based infrared tracker monitored fixation position by tracking the centre of the pupil, as well as 
the first-surface corneal reflection. The eye-tracking video cameras were mounted onto a set of spectacle frames 
(acquisition device), which were worn by the participants during the experiment. Two cameras, the eye camera 
and the scene camera provided information about eye position and the scene in front of the participant. The eye 
camera was directed towards the right eye and recorded the movements made by the eye (including the pupil and 
corneal reflection). The corneal reflection was illuminated via a light-emitting diode (LED) located underneath 
the eye camera. Participants viewed the scene binocularly but only the movement of the right eye was recorded. 
The scene camera recorded the scene in front of the participant as the trial progressed. The two video feeds were 
recorded by a JVC GR-DF4SOV camcorder operating at 30 frames per second, housed in a backpack. The back-
pack also contained a power supply for the camera and a multiplexer for the eye-tracking equipment.

Participant 
Number Group

Days Post-
Stroke

BIT 
score Aetiology Lesion Location

Visual 
Field

Case 1 NP 59 81.05 Infarct R MCA territory LH

Case 2 NP 28 67.28 Infarct R MCA territory; R TACs LLQ

Case 3 NP 25 83.36 Infarct R MCA territory None

Case 4 NP 26 67.90 Infarct
M1 segment of the R MCA 
extending to the M2 insula branches; 
effacement of the convexity sulci and 
R sylvian fissure

None

Case 5 NP 2 66.67 Infarct R parietal and lateral occipital lobe None

Case 6 NP 10 87.04 Infarct R MCA territory; R frontoparietal, 
frontal operculum and insula None

SC 1 SC 18 100.00 Infarct R caudate nucleas; R lacunar None

SC 2 SC 25 98.15 Infarct Basal ganglia; R globus pallidus/
putamen; R lacunar None

SC 3 SC 100 96.10 Infarct R precentral gyrus None

SC 4 SC 6 96.30 Infarct R lacunar None

SC 5 SC 86 98.77 Infarct MCA territory; insula cortex; R PACs None

Table 1.  Number of Days Post-Stroke, BIT score, Aetiology, Lesion Area and Visual Field Defects for the 
Neglect Patients (NPs) and Stroke Controls (SCs). NP = Neglect Patient; SC = Stroke Control; R = Right; 
MCA = Middle Cerebral Artery; TACs = Total Anterior Circulation infarct; LH = Left Hemianopia, 
LLQ = Lower Left Quadrantanopia.
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Design.  This was a mixed design with three variables. The first between participants variable was ‘group’, with 
three levels (NPs, SCs, OACs). The task completed was a within participants variable, with participants being 
assessed on both the Tracing and Copying Conditions whilst their eye movements were recorded. Region of 
interest for the eye movement measures was a further within participant variable, with the stimulus being divided 
into four regions (FL, NL, NR and FR, see Fig. 2).

Procedure.  The stroke patients (NPs and SCs) took part in the study individually in a well-lit, quiet room 
either within the admitting hospital, or within their own homes if they had been discharged. The OACs were 
all tested in the same environment in the School of Psychology at the University of Southampton. The first stage 
involved completion of the screening tests and obtaining of any additional information. Once this stage was 
completed, the participants were then given a break before the experiment commenced. On some occasions, due 
to chronic fatigue that stroke patients often experience, the experiment was conducted on a separate occasion 
(usually the next day). If the experiment was not conducted within a week of screening, the participants were 
reassessed and those are the measures that are reported in this section.

Participants were seated in a chair (or a wheelchair if required) in front of a desk on which the easel was 
placed. Participants wore the head-mounted eye tracker acquisition device like a pair of spectacles. When the 
experimenter was satisfied that the positioning of the cameras would obtain high-quality recordings of the eye 
movements and the scene, recording of the video feeds commenced.

Calibration procedures prior to the experiment required participants to follow a laser-pointer that guided the 
participants to look directly at the centre of five points presented in the scene (subtending approximately 2° × 2° 
of visual angle) sequentially. One calibration point was placed at each of the corners, and at the centre, of an A4 
piece of paper, which was located at the centre of the easel. A stimulus (the line, star or letter cancellation task) 
was then placed onto the centre of the easel. If required, the participant was able to take a break following comple-
tion of one task, after which another calibration was undertaken before the next task was administered.

For the Tracing Condition, participants were instructed to draw over the lines of the image in the stimulus 
with a marker pen, as if they were tracing the image onto a piece of paper presented over the top of the stimulus. 
For the Copying Condition, participants were required to copy the image onto an A4 piece of paper presented 
beneath the stimulus. Participants in both conditions were asked to indicate when they had finished the task by 
placing the pen on the table and looking at it. No time limit was imposed to ensure that limited time was not a 
factor contributing to incomplete figure tracing or copying.

Data Analysis.  Using specialised software developed within the Psychology Academic Unit, the fixation posi-
tion of the eye in the scene (obtained from the eye camera) was superimposed onto the scene footage (obtained 
from the scene camera). This was achieved by calibrating the position of the eye at each of the five calibration 
points that were present in the scene footage during the calibration procedure. A verification procedure (a second 
calibration) was included to ensure that the fixation cross was in the correct position within the scene following 
calibration (i.e. that the fixation cross fell on each of the calibration points during the second procedure). If this 
was not achieved, calibration was attempted again and if it was not possible to accurately calibrate the data, the 
trial was excluded from the analyses.

An.avi file was saved incorporating the point of fixation within the scene for each frame in the video (approx-
imately 2,000 frames per trial). Using video analysis software (VirtualDub) to step through the.avi footage 
frame-by-frame, the position of the fixation with respect to regions of interest imposed on the stimuli (described 
in the next section) was hand-scored for each frame. Frames were scored for the period of the trial in which the 
task was being completed (i.e. not for eye movements made during instruction to the participants). When the 
fixation cross was not available in a frame due to an eye-blink or tracker loss, these frames were not included in 
the data. The temporal accuracy was determined by the rate of recording on the camcorder, which was one frame 
every 33 ms. All of the trials were hand-scored by two individuals in order to achieve scoring reliability. The eye 
movement measures (proportion of time spent fixating each region, number of gazes) were extracted from the 
raw data via algorithms developed in RStudioTM. A gaze was defined as commencing when a saccade was made 
into a region. The end of the gaze occurred when the eye transgressed a region boundary, i.e. made a saccade to 
another region. Proportion of trial time spent fixating each region is the amount of time the participant spent 
fixating that region as a function of the total time spent completing the trial.

Data Availability.  The datasets generated during and/or analysed during the current study are available from 
the corresponding author on reasonable request.

References
	 1.	 World Heart Federation, Stroke, http://www.world-heart-federation.org/cardiovascular-health/stroke/ (Date of access 01/07/2015) 

(2015).
	 2.	 The Stroke Association, About stroke http://www.stroke.org.uk/information/about_stroke/index.html (Date of access: 01/06/2011) 

(2011).
	 3.	 Feigin, V. L., Barker-Collo, S., McNaughton, H., Brown, P. & Kerse, N. Long-term neuropsychological and functional outcomes in 

stroke survivors: Current evidence and perspectives for new research. Int J Stroke 3, 33–40, doi:10.1111/j.1747-4949.2008.00177.x 
(2008).

	 4.	 Stone, S. P. et al. The assessment of visuo-spatial neglect after acute stroke. J Neurol Neurosurg Psychiatry 54, 345–350, doi:10.1136/
jnnp.54.4.345 (1991).

	 5.	 Bisiach, E. Unilateral neglect and the structure of space representation. Curr Dir Psychol Sci 5, 62–65, doi:10.1111/1467-8721.
ep10772737 (1996).

	 6.	 Denes, G., Semenza, C., Stoppa, E. & Lis, A. Unilateral spatial neglect and recovery from hemiplegia: A follow-up study. Brain 105, 
543–552, doi:10.1093/brain/105.3.543 (1982).

http://www.world-heart-federation.org/cardiovascular-health/stroke/
http://dx.doi.org/10.1111/j.1747-4949.2008.00177.x
http://dx.doi.org/10.1136/jnnp.54.4.345
http://dx.doi.org/10.1136/jnnp.54.4.345
http://dx.doi.org/10.1111/1467-8721.ep10772737
http://dx.doi.org/10.1111/1467-8721.ep10772737
http://dx.doi.org/10.1093/brain/105.3.543


www.nature.com/scientificreports/

9Scientific Reports | 7:_####_ | DOI:10.1038/s41598-017-02047-x

	 7.	 Smith, D. L., Akhtar, A. J. & Garraway, W. M. Proprioception and spatial neglect after stroke. Age Ageing 12, 63–69, doi:10.1093/
ageing/12.1.63 (1983).

	 8.	 Sunderland, A., Wade, D. T. & Langton-Hewer, R. The natural history of visual neglect after stroke. Int Disabil Stud. 17, 383–389 
(1987).

	 9.	 Behrmann, M. & Geng, J. What is ‘left’ when all is said and done? Spatial coding and hemispatial neglect. In The Cognitive and 
Neural Bases of Spatial Neglect (eds Karnath, H. O., Milner, D. & Vallar, G. 85–100 (Oxford University Press, 2002).

	10.	 Medina, J. et al. Neural substrates of visuospatial processing in distinct reference frames: evidence from unilateral spatial neglect. J 
Cogn Neurosci. 21, 2073–2084, doi:10.1162/jocn.2008.21160 (2009).

	11.	 Behrmann, M. & Moscovitch, M. Object-centered neglect in patients with unilateral neglect: Effects of left right coordinates of 
objects. J Cogn Neurosci 6, 1–16, doi:10.1162/jocn.1994.6.1.1 (1994).

	12.	 Bickerton, W. L., Samson, D., Williamson, J. & Humphreys, G. W. Separating form of neglect using the Apples Test: Validation and 
functional prediction in chronic and acute stroke. Neuropsychology 25, 567–580, doi:10.1037/a0023501 (2011).

	13.	 Driver, J., Baylis, G. C., Goodrich, S. J. & Rafal, R. D. Axis-based neglect of visual shapes. Neuropsychologia 32, 1353–1365, 
doi:10.1016/0028-3932(94)00068-9 (1994).

	14.	 Ota, H., Fujii, T., Suzuki, K., Fukatsu, R. & Yamadori, A. Dissociation of body-centered and stimulus-centered representations in 
unilateral neglect. Neurol. 57, 2064–2069, doi:10.1212/WNL.57.11.2064 (2001).

	15.	 Young, A. W., Hellawell, D. J. & Welch, J. Neglect and visual recognition. Brain 115, 51–71, doi:10.1093/brain/115.1.51 (1992).
	16.	 Karnath, H.-O. & Niemeier, M. Task-dependent differences in the exploratory behavior of patients with spatial neglect. 

Neuropsychologia 40, 1577–1585, doi:10.1016/S0028-3932(02)00020-9 (2002).
	17.	 Li, X., Cave, K. R. & Wolfe, J. M. Kanizsa-type subjective contours do not guide attentional deployment in visual search but line 

termination contours do. Percept Psychophys. 70, 477–488, doi:10.3758/PP.70.3.477 (2008).
	18.	 Stroop, J. R. Studies of interference in serial verbal reactions. J Exp Psychol 18, 643–662, doi:10.1037/h0054651 (1935).
	19.	 MacLeod, C. M. Half a century of research on the Stroop effect: An integrative review. Psychol Bull. 109, 163–203, doi:10.1037/0033-

2909.109.2.163 (1991).
	20.	 Liversedge, S. P. & Findlay, J. M. Saccadic eye movements and cognition. Trends Cogn Sci. 4, 6–14, doi:10.1016/S1364-

6613(99)01418-7 (2000).
	21.	 Laishley, A. E., Liversedge, S. P. & Kirkby, J. A. Lexical processing in children and adults during word copying. J Cogn Psychol 27, 

578–593, doi:10.1080/20445911.2014.991396 (2015).
	22.	 Tchalenko, J. S. & Miall, R. C. Eye-hand strategies in copying complex lines. Cortex 45, 368–376, doi:10.1038/227592a0 (2009).
	23.	 Behrmann, M. & Tipper, S. P. Attention accesses multiple spatial frames of reference: Evidence from neglect. J Exp Psychol Hum 

Percept Perform. 25, 83–101, doi:10.1037/0096-1523.25.1.83 (1999).
	24.	 Wilson, B. A., Cockburn, J. & Halligan, P. Behavioural Inattention Test. (Thames Valley Test Company, 1987).

Acknowledgements
This research was jointly funded by the BBSRC and the School of Psychology at the University of Southampton.

Author Contributions
L.L. designed the experiment, ran participants on the tasks, analysed the data, prepared Figures 1, 2, 4, 5, 6 
and 7 and took the primary role in writing the manuscript. H.G. aided with data processing, interpretation 
and contributed to writing the manuscript. L.L. and H.G. prepared Fig. 3. V.B. was co-supervisor of the PhD 
student (L.L.) and aided with experimental design, interpretation, theoretical implications and contributed to 
writing the manuscript. S.P.L. was co-supervisor of the PhD student (L.L.) and aided with experimental design, 
interpretation, theoretical implications and wrote the manuscript alongside L.L.

Additional Information
Supplementary information accompanies this paper at doi:10.1038/s41598-017-02047-x
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://dx.doi.org/10.1093/ageing/12.1.63
http://dx.doi.org/10.1093/ageing/12.1.63
http://dx.doi.org/10.1162/jocn.2008.21160
http://dx.doi.org/10.1162/jocn.1994.6.1.1
http://dx.doi.org/10.1037/a0023501
http://dx.doi.org/10.1016/0028-3932(94)00068-9
http://dx.doi.org/10.1212/WNL.57.11.2064
http://dx.doi.org/10.1093/brain/115.1.51
http://dx.doi.org/10.1016/S0028-3932(02)00020-9
http://dx.doi.org/10.3758/PP.70.3.477
http://dx.doi.org/10.1037/h0054651
http://dx.doi.org/10.1037/0033-2909.109.2.163
http://dx.doi.org/10.1037/0033-2909.109.2.163
http://dx.doi.org/10.1016/S1364-6613(99)01418-7
http://dx.doi.org/10.1016/S1364-6613(99)01418-7
http://dx.doi.org/10.1080/20445911.2014.991396
http://dx.doi.org/10.1038/227592a0
http://dx.doi.org/10.1037/0096-1523.25.1.83
http://dx.doi.org/10.1038/s41598-017-02047-x
http://creativecommons.org/licenses/by/4.0/

	Neglect Patients Exhibit Egocentric or Allocentric Neglect for the Same Stimulus Contingent upon Task Demands

	Stroke, Hemispatial Neglect and ‘Types’ of Neglect

	Results and Discussion

	Method

	Participants. 
	Stimuli. 
	Screening Tests. 
	Apparatus. 
	Design. 
	Procedure. 
	Data Analysis. 
	Data Availability. 

	Acknowledgements

	Figure 1 Figures used in the Tracing and Copying Conditions.
	Figure 2 Regions of interest on one of the stimuli used in the Tracing and Copying Conditions.
	Figure 3 Proportion of the total trial time spent fixating the four regions of the stimulus (Far Left, Near Left, Near Right and Far Right) during the Tracing and Copying Condition for the Neglect Patients (NPs), Older Adult Controls (OACs) and Stroke Con
	Figure 4 Example of an NP’s performance (Case 1) in the Tracing and Copying Conditions.
	Table 1 Number of Days Post-Stroke, BIT score, Aetiology, Lesion Area and Visual Field Defects for the Neglect Patients (NPs) and Stroke Controls (SCs).




