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the left (Adair and Barrett 2008; Bartolomeo 2007; Heil-
man et  al. 2003). When completing line bisection tasks 
(which require indicating the centre of a line) or landmark 
tasks (which require indicating whether a pre-bisected 
line has been divided to the left or right of centre), these 
patients reliably respond as if the centre of the line was 
towards the right of the true centre.

Interesting, while neglect of the left visual field (LVF) is 
a common outcome following RH damage, neglect of the 
RVF following left hemisphere (LH) damage, is relatively 
less common (Stone et  al. 1993). Increased connectivity 
within the RH, as well as inter-hemispheric connectivity 
that favours information transfer in a right-to-left direction 
(Siman-Tov et al. 2007), are factors that underlie the widely 
accepted theory that the RH controls spatial attention for 
both LVF and RVF, while the LH controls spatial attention 
only for the RVF (Mesulam 1981) explaining why neglect 
of the RVF following LH damage is relatively rare, whereas 
neglect of the LVF following RH damage is common.

The relatively greater lateralization of spatial atten-
tion to the RH (Heilman 1995; Hellige 1993) can also be 
used to account for the fact that healthy individuals show a 
leftward attentional bias (pseudoneglect; Bowers and Heil-
man 1980). A side effect of the RH lateralization for spatial 
attention is that stimulus properties in the ‘dominant’ LVF 
are exaggerated relative to stimulus properties presented in 
the other visual field. As a result, neurotypical individuals 
bisect lines slightly left of the line’s true centre (Jewell and 
McCourt 2000) and show leftward attentional biases when 
making stimulus judgements on the basis of brightness and 
numerosity (Nicholls et al. 1999).

Atypical lateralization of spatial attention is not unique 
to neglect patients with RH lesions. It has also been linked 
to autism spectrum conditions (ASC), neuro-developmen-
tal conditions primarily characterized by deficits in social 

Abstract Neurotypical individuals display a leftward 
attentional bias, called pseudoneglect, for physical space 
(e.g. landmark task) and mental representations of space 
(e.g. mental number line bisection). However, leftward 
bias is reduced in autistic individuals viewing faces, and 
neurotypical individuals with autistic traits viewing ‘grey-
scale’ stimuli, suggestive of atypical lateralization of atten-
tion in autism. We investigated whether representational 
pseudoneglect for individuals with autistic traits is simi-
larly atypically lateralized by comparing biases on a grey-
scales, landmark, and mental number line task. We found 
that pseudoneglect was intact only on the representational 
measure, the mental number line task, suggesting that 
mechanisms for atypical lateralization of attention in indi-
viduals with autistic traits are specific artefacts of process-
ing physically visual stimuli.
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Introduction

Asymmetries in brain hemispheric activation have been 
shown to have contralateral effects on visual attention. 
Stroke patients with right hemisphere (RH) lesions, for 
example, focus on stimuli presented primarily in the right 
visual field (RVF) and ignore (neglect) stimuli presented in 
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communication and restricted and repetitive behavioural 
patterns (American Psychiatric Association 2013). Rela-
tive to neurotypical participants, ASC adults usually show 
a reduced LVF bias in target detection tasks (Wainwright 
and Bryson 1996) and chimeric face identification (Ashwin 
et al. 2005), as well as reduced fixation time to the left side 
of centrally presented faces (Dundas et al. 2012). Recently, 
we also reported that neurotypical individuals with rela-
tively high scores on the Autism Spectrum Quotient (AQ; 
a measure of autistic-like traits in neurotypical participants; 
Baron-Cohen et al. 2001) show reduced pseudoneglect on 
the greyscales task (see a description and example stimuli 
below) compared to participants with lower AQ scores 
(English et al. 2015). This was the first study to suggest that 
attenuations of attentional bias found in ASC are also pre-
sent in a high autistic-trait subset of the neurotypical popu-
lation and adds to the growing literature indicating that 
attentional characteristics associated with ASC also mani-
fest to a lesser degree in individuals with higher scores on 
measures of autistic-like traits (Bayliss and Kritikos 2011; 
Grinter et al. 2009a, b; Rhodes et al. 2013; Russell-Smith 
et al. 2012; Sutherland and Crewther 2010; for a meta-anal-
ysis, see; Cribb et al. 2016).

The present work examines whether spatially-organized 
mental representations, like the mental number line, are 
also altered in individuals with high levels of autistic-like 
traits. Figure 1 is a conceptual illustration of such a num-
ber line, which is described as a series of numbers located 
on a horizontal azimuth numerically ascending left-to-
right (Brooks et  al. 2014). Past research has shown that 
when patients with neglect are asked to make a judgement 
regarding numerical distance, their responses are indicative 
of a rightward bias on the number line (e.g. selecting ‘7’ as 
the midpoint between ‘1 and 9’), with the size of the bias 
corresponding with neglect severity (Hoeckner et al. 2008; 
Loftus et  al. 2009; Zorzi et  al. 2002). Conversely, neuro-
typical participants show a small bias in favour of a lower, 
more ‘leftward’ number (Göbel et  al. 2006; Loftus et  al. 
2009; Longo and Lourenco 2007; Nicholls and McIlroy 
2010). This representational pseudoneglect is hypothesised 
to occur due to exaggeration of the distance between num-
bers that are more “leftward” on the number line (similar 

to the exaggeration of leftward stimulus features of visual 
stimuli that results in pseudoneglect), shifting perceptions 
for the relative location of the central point (Loftus et  al. 
2009).

While both visual and representational stimuli yield 
leftward biases in neurotypical participants, it is unclear 
whether both types of bias would also disappear for individ-
uals high in autistic traits. This is partly because evidence 
from past studies is equivocal with respect to the question 
of whether these two types of leftward bias have a common 
neural substrate. One candidate region for such a substrate 
is the posterior parietal cortex (PPC) due to its involvement 
in many aspects of visual attention, including visual work-
ing memory (Berryhill and Olson 2008), sustained atten-
tion (Husain and Nachev 2007; Malhotra et al. 2009), visu-
ally guided reaching (Clower et al. 1996), initiating visually 
guided saccades (Luna et  al. 1998), and activating men-
talised spatial maps (Maguire et  al. 1998). Non-invasive 
stimulation of this region has been effective at modulating 
spatial biases. For example, applying transcranial magnetic 
stimulation (TMS) to the right PPC of healthy individu-
als temporarily disrupts its activation (Fierro et al. 2001), 
producing a rightward shift in the perceived midpoint of 
horizontal lines similar to that shown by individuals with 
RH damage (Bjoertomt et  al. 2002). Likewise, applying 
TMS over the same region in healthy individuals produces 
a rightward shift for representational space in the mental 
number line task, similar to those observed in individuals 
with right parietal damage (Göbel et  al. 2006). Addition-
ally, Loftus and Nicholls (2012) found that pseudoneglect, 
measured with the luminance-judgement greyscales task 
(Nicholls et al. 1999), could be eliminated following anodal 
transcranial direct current stimulation (tDCS) over the left 
parietal cortex. Anodal tDCS is thought to increase neural 
excitation of the stimulated site and, in line with Siman-Tov 
et  al.’s (2007) activation-orientation model of attention, 
likely caused a relative increase in the excitation of neurons 
in the left parietal cortex which rebalanced the asymmetry 
in activation between the left and right hemispheres that 
drives pseudoneglect.

While such studies provide evidence in favour of the 
notion that PPC activity underlies both physical and rep-
resentational pseudoneglect, and while several studies 
have found evidence for both physical and representa-
tional biases in the same individuals (Aiello et al. 2012; 
Longo et  al. 2015; Rotondaro et  al. 2015; Vuilleum-
ier et al. 2004; Zorzi et al. 2006, 2002), other research-
ers have found that neglect patients who show rightward 
deviations on physical spatial tasks do not necessarily 
have similar biases in the representational medium, sug-
gesting that at least partially disparate underlying net-
works are at play (Aiello et al. 2012; Doricchi et al. 2005; 
Loetscher and Brugger 2009; Loetscher et  al. 2010; Pia 

Fig. 1  A simplified demonstration of how leftward representational 
bias occurs in the mental number line. It is suggested that individuals 
exaggerate the distance between numbers that are further “left” on the 
mental number line. Thus, when an individual is asked to identify the 
midpoint of the range 0–10, ‘four’ is erroneously reported more often 
than the correct answer of ‘five’
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et  al. 2012; Rossetti et  al. 2011; Storer and Demeyere 
2014; van Dijck et  al. 2012). Moreover, there are many 
fundamental differences between physical and represen-
tational stimuli that might result in the recruitment of 
different neural mechanisms during processing. For one, 
physical representations, like those in the line bisection 
and greyscale tasks, act as visual cues that directly influ-
ence attentional processes, whereas few or no such cues 
are present in the representational mental number line. 
Second, the differences could reflect visual complexity of 
the task, with complexity generally greater in the visual 
than representational tasks. Finally, it is possible that task 
relevant information, such as letter or number identity in 
representational tasks, may recruit disparate brain areas 
such as those responsible for memory and language that 
are unlikely to play a role in processing abstract visual 
stimuli such as a line or greyscales stimulus.

The results of this study are therefore important for 
two reasons. First, they address the issue of whether 
pseudoneglect for mental representations of space is 
reduced in individuals with high levels of autistic-traits in 
line with the previously reported reduced pseudoneglect 
for physical space (English et al. 2015). Second, they pro-
vide new evidence concerning the question of whether 
common or disparate mechanisms underlie physical and 
representational pseudoneglect. To whit, if variations in 
levels of autistic-like traits produce similar variations in 
physical and representational pseudoneglect, this would 
provide suggestive evidence for common neural mecha-
nisms. On the other hand, if pseudoneglect is not reduced 
for mental representations of space in individuals with 
high autistic-trait levels, it would suggest different mech-
anisms underlie spatial biases in physical and mental 
representations.

To address these questions, in the present work, we 
recruited two groups of neurotypical individuals with 
scores in the upper or lower third of the AQ distribution 
and measured their response biases on three tasks: grey-
scales and landmark tasks to observe levels of physical 
pseudoneglect, and a number line bisection task to observe 
levels of representational pseudoneglect. In line with our 
earlier findings, we expected reduced levels of physical 
pseudoneglect in our High AQ group compared to our Low 
AQ group (English et al. 2015) on both the greyscales and 
landmark tasks. This would be a replication and a critical 
extension of this earlier result to a novel task (landmark). 
If representational pseudoneglect is also attenuated in the 
group with higher AQ scores, this would provide the first 
evidence that autistic traits modulate not only physical but 
also representational pseudoneglect. This result would also 
provide evidence for a shared mechanism responsible for 
attenuation of both forms of pseudoneglect in High AQ 
(and possibly ASC) individuals.

Methods

Participants

Participants were 104 right-handed students recruited at 
the University of Western Australia. Students with AQ 
scores in the upper or lower third of a cohort that had 
completed the AQ in a previous screening procedure 
were invited to participate in exchange for partial course 
credit. Fifty-two participants were in each of the Low and 
High AQ groups.

Materials

All tasks and questionnaires were presented using Pres-
entation software (Version 17.0, Neurobehavioral Sys-
tems) running on HP EliteOne 800 machines using 23″ 
LCD monitors. Participants were seated approximately 
50 cm from the display.

Greyscales Task

Stimuli for this task were based on those previously used 
by English et al. (2015). Each trial consisted of two hori-
zontal bars presented above and below the centre of the 
display. The shading on each bar changed from white to 
black incrementally along the horizontal azimuth, with 
one bar effectively being a reversal of the other (see 
Fig.  2). The orientations of the bars were randomized 
such that the bar that was shaded from the left, white-
to-black, was presented equally often as the top or bot-
tom positioned bar. Finally, one bar from each pair was 
shaded ‘darker’ than the other bar in the pair. This was 
achieved by randomly replacing 100 white pixels with 
black pixels on one bar, and conversely randomly replac-
ing 100 black pixels with white pixels on the other bar, 
creating a 200-pixel difference in shading between the 
two bars.

Each trial began with a fixation cross that was dis-
played for 1500  ms before the greyscales stimuli were 

Fig. 2  An example of a stimulus presented in the greyscales task
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presented. Participants were instructed to observe the two 
bars and determine which of the two was ‘darker’ overall. 
Participants made their responses using the [T] and [B] 
keys on a standard keyboard, which indicated the “top” or 
“bottom” bar respectively. Participants had 5  s from the 
onset of the greyscales stimuli to respond before the trial 
automatically ended. The task consisted of 120 trials, 
with factorial combinations of stimulus characteristics 
such as length and orientation counterbalanced across 
trials.

Landmark Task

Stimuli for this task consisted of a white horizontal bar pre-
sented in the centre of the display on a black background. 
The bar was 481 pixels (px) long and 10 px wide and was 
bisected by a thin 1px wide, black vertical line. The posi-
tion of the black line was randomized across trials, appear-
ing in the true centre or 10, 5, 3, 2, or 1 px to the left or 
right of centre. A mask consisting of randomly placed black 
and white pixels (white noise) covered the screen region 
occupied by the horizontal bar at the beginning of each trial 
for 1 s to prevent participants from using positions on the 
previous trial when making judgements on the current trial.

Each trial began with a mask that was presented for 
1000 ms before the landmark stimuli appeared. Participants 
were required to decide whether the black vertical line on 
the white bar was closer to the left or right-hand side of the 
bar. Participants responded using the [Z] and [/] keyboard 
keys to indicate that they perceived the bisection to be 
closer towards the left or right-side of the bar respectively. 
Participants had 5 s from the onset of the landmark stim-
uli within which to respond before the trial automatically 
ended. The task consisted of 132 trials, with the bisection 
appearing at all 11 locations an equal number of times.

Number Line Task

Stimuli for this task were adapted from those used by Lof-
tus et  al. (2009). Each trial consisted of a triplet of two-
digit numbers, arranged with a central red number and two 
yellow flankers. There were four sets of flankers (19_55, 
53_99, 42_98 and 17_83). For each set, the red central 
number was always shifted 1, 2 or 5 greater or less than 
the actual midpoint between the two flankers (e.g. for the 
flanker pair ‘19_55’, the midpoint is 37 and the possi-
ble central numbers included 32, 35, 36, 38, 39 and 42). 
Whereas the Loftus et al. study presented all numbers on 
the same horizontal plane, we used a diagonal configuration 
so that participants made top/bottom judgements instead of 
left/right judgements (see Fig.  3). This change was made 
to dissociate participants’ potential bias towards making 
left/right key presses from left/right spatial judgements. 

Number triplets varied factorially with respect to the spa-
tial configuration (spatially ascending/descending (SA/SD), 
left-to-right) and direction of numerical sequence (numeri-
cally ascending/descending (NA/ND), left-to-right). This 
resulted in four different possible spatial configurations for 
each triplet configuration (SA-NA, SA-ND, SD-NA, and 
SD-ND), four sets of flankers, and six possible values for 
the central number, yielding a total of 96 unique trials pre-
sented without repetition.

Each trial began with a centrally presented fixation cross 
which was displayed for 1000 ms, after which a number tri-
plet was presented. Participants were required to determine 
if the top flanker or bottom flanker in a triplet was closer in 
numerical position to the red central number. Participants 
were instructed to not use arithmetic when making their 
judgements. Triplets were presented for 3  s, after which 
the triplet disappeared and participants had 2  s to make 
a response using the [T] and [B] keys to indicate “top” 
and “bottom” respectively. If a participant did not make a 
response within 2 s, the trial automatically ended.

Questionnaires

Levels of autistic-like traits were measured using the 
Autism Spectrum Quotient (Baron-Cohen et  al. 2001), a 
50-item self-report questionnaire that assesses autistic-like 
traits and behaviours in neurotypical individuals. Items 
were scored 1–4 using Austin’s (2005) method; higher 
scores represent more autistic-like traits. This scoring 
method was used rather than the 0–1 method reported by 
Baron-Cohen et al. (2001) to take advantage of the range 
of potentially useful information in each item and increase 
the variability of total AQ scores. Handedness was assessed 
using the Edinburgh Handedness Inventory (Oldfield 
1971).

Fig. 3  Examples of the four spatial configurations, with each con-
figuration containing one, red central number and two, yellow flanker 
numbers. Left-to-right; a spatially ascending, numerically ascending, 
b spatially ascending, numerically descending, c spatially descending, 
numerically ascending, d spatially descending, numerically descend-
ing. (Color figure online)
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Procedure

Testing took place in a single session that typically lasted 
45–60  min. At the beginning of the testing session, par-
ticipants were given a verbal overview of the testing pro-
cedure, including the general nature of the tasks and ques-
tionnaire involved. Participants then completed the three 
computer tasks in counterbalanced order across partici-
pants. Task-specific instructions were presented to partici-
pants on the computer immediately prior to commencing 
the relevant task. Participants also had the opportunity to 
complete a number of practice trials at the beginning of 
each task and take short breaks between tasks.

Results

Descriptive statistics for the High and Low AQ groups 
are presented in Table  1. Participant performance was 
screened for outliers on each of the tasks; if a participant 
was deemed an outlier for a particular task, their data were 
excluded from analysis only on that task. No participant 
was identified as an outlier on more than one task. We con-
ducted one-tail t-tests on the differences in bias between 
AQ groups because we predicted a reduced left bias in our 
High AQ group given prior results (English et al. 2015).

The two groups did not differ in mean age (p = 0.45, 
r = 0.07), but the Low AQ group contained fewer male par-
ticipants than the High AQ group [χ2(1) = 9.43, p < 0.01], 
and so we conducted preliminary versions of the analyses 
reported below with sex as an additional between-subjects 
variable to AQ group. No main effects of sex or interac-
tions between sex and AQ group were reported on any of 
the task bias measures (all p’s > 0.13, all ηp

2 < 0.02). Given 
this result, we chose to conduct the following analyses 
without sex entered as a factor in order to focus on effects 
related to AQ group.

Data Screening

Several criteria were implemented to ensure that the par-
ticipants were appropriately engaged with the tasks. Par-
ticipants were excluded from the analysis of a single task if: 
(A) more than a third of responses were faster than 200 ms 

(indicating the participant was anticipating target onset), 
(B) the proportion of top/bottom key presses exceeded the 
group mean by more than 2.5 standard deviations for the 
greyscales or mental number line task or (C) the proportion 
of left/right key presses for the two most extreme (and easi-
est) bisection locations exceeded the group mean by more 
than 2.5 standard deviations for the landmark task. One 
participant met criteria A (landmark task, High AQ), five 
participants met criteria B (greyscales task, two Low AQ; 
mental number line task, one Low AQ and two High AQ) 
and seven participants met criteria C (three Low AQ, four 
High AQ). No participant met exclusion criteria for mul-
tiple tasks. Finally, one participant was excluded from all 
analyses because her accuracy on multiple tasks was less 
than 50% (low AQ), and one participant was excluded from 
the analysis for the mental number line task due to a data 
recording error (Low AQ).

Greyscales Task

Task accuracy was calculated as the percentage of trials 
for which a participant correctly identified the darker of 
the two bars on a given trial. Leftward spatial bias was cal-
culated as the percentage of trials for which a participant 
selected the bar which had the darker end oriented towards 
the left-side of the screen (e.g. the top bar in Fig. 2), regard-
less of whether the selected bar was actually darker overall.

Accuracy for both the Low AQ (M = 56.23%, 
SD = 6.17%) and High AQ group (M = 57.38%. 
SD = 6.66%) was above chance level (largest p < 0.001, 
smallest r = 0.71), with no difference between the groups 
(p = 0.37, r = 0.09). Pseudoneglect (leftward spatial bias) 
differed significantly from chance levels for the Low AQ 
group (M = 60.38%, SD = 18.23%; p < 0.001, r = 0.50), but 
only marginally so for the High AQ group (M = 54.54%, 
SD = 16.32%; p = 0.05, r = 0.27). Additionally, pseudon-
eglect was significantly higher in the Low AQ group rela-
tive to the High AQ group, t(99) = 1.70, p = 0.046, r = 0.17. 
Taken together, these results show an even stronger pat-
tern than in our previous work (English et al. 2015), with 
only marginal levels of pseudoneglect seen in the High AQ 
group and a larger difference in pseudoneglect between AQ 
groups (r = 0.17 vs. r = 0.12 in our previous study). Greater 
levels of autistic traits in the High AQ group of the present 
study relative to the previous study might account for this 
stronger pattern (High AQ: M = 120.04 vs. M = 115.14; see 
Cribb et al. (2016) for simulations of the influence of AQ 
group separation).

Landmark Task

Task accuracy was calculated as the percentage of trials 
on which participants correctly identified the location of 

Table 1  Characteristics of the Low AQ and High AQ comparison 
groups (standard deviation in parentheses)

Low AQ (n = 52, 5 
male)

High AQ 
(n = 52, 18 
male)

Mean age (years) 20.63 (4.25) 20.06 (3.39)
Mean AQ 89.60 (7.15) 120.04 (6.31)
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the bisection towards the left or right side of the horizon-
tal bar, excluding trials where the bisection was presented 
at centre. Leftward spatial bias was calculated as the over-
all percentage of trials in which participants indicated that 
the bisection was closer to the right-side of the bar (as 
increased rightward responses suggest a relative perceptual 
exaggeration of the left side of space).

Accuracy for both the Low AQ (M = 69.43%, 
SD = 8.27%) and High AQ group (M = 68.48%, 
SD = 8.64%) was above chance level (largest p < 0.001, 
smallest r = 0.91), with no difference between the groups 
(p = 0.59, r = 0.06). Pseudoneglect differed significantly 
from chance levels in the Low AQ group (M = 55.89%, 
SD = 15.72%; p = 0.01, r = 0.35), but not in the High AQ 
group (M = 50.57%, SD = 15.15%; p = 0.51, r = 0.04). 
Additionally, pseudoneglect was significantly higher in the 
Low AQ group than in the High AQ group, t(93) = 1.68, 
p = 0.048, r = 0.17. Taken together, these findings suggest 
the Low AQ group showed pseudoneglect while the High 
AQ group did not, conceptually replicating findings using 
the greyscales task here and in our previous study (English 
et al. 2015).

Number Line Task

Response accuracy was measured as the percentage of tri-
als on which participants correctly identified the flanker 
number that was closest in numerical position to the cen-
tral number. A summary of the mean accuracy for each 
of the four configurations (illustrated in Fig.  3) is pro-
vided in Table  2. A repeated measures analysis of vari-
ance (ANOVA) with the factors configuration type and AQ 
group revealed a main effect of configuration type on accu-
racy, F(7,96) = 7.81, p < 0.001, ηp

2 = 0.08. However, there 
was no main effect of AQ group (p = 0.60, ηp

2 < 0.01), or 
configuration x AQ group interaction (p = 0.96, ηp

2 < 0.01). 
Accuracy for the Low AQ group (M = 65.48%, SD = 7.17%) 
and High AQ group (M = 64.63%, SD = 8.64%) were both 
above chance levels (largest p < 0.001, smallest r = 0.86), 
with no difference between the groups (p = 0.89, r = 0.01).

Representational pseudoneglect (leftward representa-
tional bias) was calculated as the percentage of trials in 
which participants indicated that the flanker that was of a 
higher value was closer in numerical position to the cen-
tral number. In the context of this study, in keeping with 
convention (Brooks et  al. 2014), we refer to the numeri-
cally higher number as being positioned “rightward” of the 

central number, as the mental number line is considered 
to be a series of numbers that ascend in value from left-
to-right. Therefore, an increased percentage of rightward 
responses would be indicative of exaggeration of the left 
side of the mental representation of the number line. Note 
that the words “left” or “right” in this task refer to a num-
ber’s position on the mental number line, not to its location 
on the display. To ensure that participants were not prefer-
entially responding to the flanker number that was physi-
cally on the left side or right side of the screen, single-sam-
ple t-tests were conducted on both AQ groups to determine 
if responses to items presented on the left side of the screen 
differed from chance levels. Neither AQ group reported a 
significant bias towards flankers that were presented on one 
side of the screen (smallest p = 0.44, largest r = 0.11).

Representational pseudoneglect for both the Low AQ 
group (M = 58.17%, SD = 11.80%) and High AQ group 
(M = 54.53%, SD = 12.62%) exceeded chance levels (small-
est p = 0.01, largest r = 0.34). There was no significant dif-
ference in the levels of representational pseudoneglect 
between AQ groups (p = 0.21, r = 0.08), which substan-
tially differs from the results reported for the greyscales 
and landmark tasks, as well as our previous study (English 
et al. 2015), where physical pseudoneglect was attenuated 
in High AQ participants.

Discussion

The aim of this study was to determine if representational 
pseudoneglect is attenuated in a High AQ sample as has 
been reported for physical pseudoneglect (English et  al. 
2015). This was achieved by measuring response biases on 
tasks that require visual assessment of physical stimuli (the 
landmark and greyscales tasks), and a task that requires 
assessment of an internalized representation of space (the 
mental number line bisection task). If pseudoneglect were 
reduced for all tasks in the High AQ group relative to the 
Low AQ group, this would be evidence for a common 
neural mechanism underlying reduced pseudoneglect for 
physical and representational measures of space in indi-
viduals with high levels of autistic traits. However, if pseu-
doneglect were only reduced on the physical spatial tasks, 
and unaltered on the mental number line task, this would 
instead suggest that an attentional difference is present in 
High AQ individuals that specifically affects attentional 
bias in processing of visually-presented stimuli.

Table 2  Number task accuracy 
across trial configurations 
(standard deviation in 
parentheses)

Configuration A Configuration B Configuration C Configuration D

Low AQ 67.35% (11.29%) 67.09% (9.33%) 65.22% (10.98%) 62.22% (11.13%)
High AQ 66.42% (11.09%) 67.00% (12.37%) 64.33% (9.89%) 60.75% (13.37%)
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Regarding physical pseudoneglect, the study has two key 
findings. First, it replicates our previous evidence for atten-
uated pseudoneglect amongst High AQ participants on a 
greyscales task (English et al. 2015). Second, it extends and 
generalizes our previous findings by showing that physi-
cal pseudoneglect on the landmark task is also reduced 
in a High AQ group. This is particularly important, as it 
may have been possible that the attenuated pseudoneglect 
reported in the previous study was specific to the greyscales 
stimuli. To the contrary, the present results confirm that 
High AQ participants show a broad reduction in physical 
pseudoneglect relative to their Low AQ peers.

The results from the mental number line task answer two 
key questions about the relationship between AQ and rep-
resentational pseudoneglect. First, whereas bias scores for 
the High AQ group did not significantly differ from chance 
levels on either measure of physical pseudoneglect, this 
was not the case for the number line task. Here, the High 
AQ group showed a significant level of representational 
pseudoneglect. Second, whereas physical pseudoneglect 
was reduced in the High AQ group relative to the Low 
AQ group for the landmark and greyscales task, levels of 
representational pseudoneglect were comparable between 
AQ groups in the number line task. Taken together, these 
results suggest high levels of autistic-like traits do not influ-
ence spatially-organized mental representations, indicating 
that unique mechanisms underlie physical and representa-
tional spatial biases in this group.

Why might pseudoneglect differ between physical and 
mental spatial representations for High AQ participants? 
The limited research into asymmetries in spatial attention 
with respect to ASC restricts our ability to form definite 
conclusions. However, one likely possibility is that atten-
uation of physical pseudoneglect arises from processes 
directly related to the visual processing system that are not 
involved in the number line task (which does not require 
judgements based on visual stimulus characteristics). It is 
well documented that attention-related visual processing in 
autism is markedly different than in neurotypical individu-
als. In particular, one of the most widely reported differ-
ences is with respect to the global and local processing of 
visually presented stimuli. Whereas most neurotypical indi-
viduals show a preference for processing visual stimuli in 
a holistic or global manner, ASC and High AQ individuals 
show a preference for a more piecemeal local processing 
style (Bayliss and Kritikos 2011; Cribb et al. 2016; Grinter 
et  al. 2009a, b; Rhodes et  al. 2013; Russell-Smith et  al. 
2012; Sutherland and Crewther 2010). This difference in 
preferential processing styles is particularly relevant here 
because, like pseudoneglect, global processing is linked to 
RH activation while local processing is associated with LH 
activation (Evans et al. 2000; Flevaris et al. 2010; Hübner 
and Studer 2009; Lux et al. 2004; Malinowski et al. 2002; 

Volberg and Hübner 2004; Weissman and Woldorff 2005; 
Yamaguchi et al. 2000).

Given this parallel, we tentatively hypothesize that dif-
ferences in hemispheric activation in High AQ and ASC 
specifically affect processes related to visual attention and 
stimulus evaluation. On this notion, in the absence of the 
need to evaluate a visual stimulus, hemispheric activation 
biases do not affect performance. While this dissociation 
might reflect differences unique to High AQ and ASC, it 
may alternatively reflect similar mechanisms underlying 
dissociations in RH-damaged patients, where neglect on 
visual and representational tasks has not always been found 
to co-occur (Doricchi et  al. 2005; Loetscher and Brugger 
2009; Loetscher et al. 2010; Pia et al. 2012; Rossetti et al. 
2011; Storer and Demeyere 2014; van Dijck et  al. 2012). 
These dissociations may be driven by the activation of dif-
ferent regions depending on the physical or representational 
nature of the task. For example, line bisection judgements 
are associated with activation of the striate, extrastriate vis-
ual cortex and parietal lobes, with noted RH lateralization 
(Doricchi and Angelelli 1999; Fink et al. 2000). However, 
judgements of number positioning are relatively less later-
alized to the RH, and are associated with bilateral intrapa-
rietal sulcus activation, as well as activation in the left pre-
central gyrus and prefrontal areas (Dehaene 2004; Dehaene 
et  al. 2003; Doricchi et  al. 2005; Walsh 2003). If spatial 
attention shows reduced RH lateralization for individuals 
with high levels of autistic traits, these regional differences 
in activation may account for why we found differences in 
between the two AQ groups on physical but not representa-
tional pseudoneglect.

Overall, the absence of reduced representational pseu-
doneglect for High AQ individuals is evidence against the 
notion of a common mechanism underlying physical and 
representational pseudoneglect. What then, may account 
for the results of previous studies, that found that using 
TMS or tDCS to alter the activation of the posterior parietal 
cortex shifted attentional biases for physical and represen-
tational measures of space in the contralateral direction of 
the stimulated hemisphere (Göbel et al. 2006, 2001; Loftus 
and Nicholls 2012)? As mentioned earlier, while both task 
types are associated with parietal activation, several corti-
cal regions are only activated when completing either phys-
ical or representational spatial tasks specifically (Dehaene 
2004; Dehaene et  al. 2003; Doricchi and Angelelli 1999; 
Doricchi et  al. 2005; Fink et  al. 2000; Walsh 2003). A 
potential explanation that is compatible with the account 
above is that stimulation of the PPC may lead to attentional 
changes for both task types, while other key structures are 
unaffected. This may be of key importance as unaffected 
structures might compensate for changes in parietal activ-
ity. For example, in the absence of external stimulation, rel-
atively intact right prefrontal working memory structures, 
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which are linked to building up the mental number line 
(Doricchi et al. 2005) may compensate for reduced parietal 
activation that is related to high levels of autistic traits.

To summarize, the purpose of this study was to deter-
mine if previously reported alterations in physical spatial 
bias found between AQ groups also occurred in spatially-
organized mental representations, and to generalize our 
previous findings (English et  al. 2015) using an alterna-
tive measure of attentional spatial bias (the landmark task). 
While we replicated the attenuation of physical pseudone-
glect in High AQ participants on both tasks, Low and High 
AQ groups showed comparable representational pseudon-
eglect on the mental number line task. We also hypothesize 
that the PPCs play a specific role in processing physical 
spatial representations but not in tasks requiring judge-
ments about mental spatial representations, thus poten-
tially explaining task dissociations in our High AQ group. 
Finally, it should also be noted that although the findings of 
this study are likely to be indicative of what might be found 
in a clinical ASD sample, it is important to replicate our 
findings using such a sample in future work. While research 
into lateralization of spatial attention in regard to ASD is 
a relatively novel line of inquiry, atypical asymmetries are 
relatively simple to observe and, with further understand-
ing of the underlying mechanisms, such measures could be 
valuable in the assessment and monitoring of neurological 
functioning in ASD.
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