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An accurate perception of the space surrounding us is central for effective and safe everyday functioning. Understanding the
factors influencing spatial perception is therefore vital. Here, we first confirm previous reports that our cultural reading habits
shape the perception of space. Twenty-four left-to-right readers (tested in Australia) and 23 right-to-left readers (tested in Israel)
over-attend to information presented on the left and right side of space, respectively. We then show that this cultural bias is highly
malleable. By employing a simple mirror-reading task prior to the spatial judgments, we demonstrate that the supposed cultural
bias can be easily overridden. These findings question hardwired, lateralisation models of spatial-attentional biases and highlight
the need for a dynamic model that takes into account hemispheric lateralisation, cultural habits and situational context.
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Introduction

Our spatial perception is biased. Left-to-right readers tend to
pay more attention to spatial information presented on the left
side of space (Jewell & McCourt, 2000). This phenomenon,
dubbed ‘pseudoneglect” (Bowers & Heilman, 1980), is com-
monly explained as the result of a laterality in brain function-
ing. The processing of visuo-spatial information yields stron-
ger activation in the brain’s right than its left hemisphere
(Foxe, McCourt, & Javitt, 2003; Kinsbourne, 1970). This
asymmetric activation is thought to cause a slight attentional
bias towards the left side of space (Reuter-Lorenz,
Kinsbourne, & Moscovitch, 1990). The magnitude of this
spatial attentional bias has also been linked to structural brain
asymmetries (Cazzoli & Chechlacz, 2017; De Schotten et al.,
2011). Larger leftward attentional biases, for example, are
associated with larger volumes of right- compared to left-
sided white matter tracts connecting parieto-frontal brain net-
works (De Schotten et al., 2011).
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Studies involving participants with right-to-left reading
habits, however, yield results that conflict a pure lateralisation
account of spatial asymmetries. Instead of showing the charac-
teristic leftward bias of left-to-right readers, right-to-left readers
demonstrate no or a slight rightward asymmetry in perceptual
tasks such as line bisection (Chokron & Imbert, 1993; Rinaldi,
Di Luca, Henik, & Girelli, 2014), face judgments (Vaid &
Singh, 1989), and aesthetic preference judgments (Friedrich
& Elias, 2016; Nachson, Argaman, & Luria, 1999). These find-
ings have led to suggestions that participants’ habitual script
direction is a key factor underlying observed spatial biases
(Kazandjian & Chokron, 2008; Maass & Russo, 2003; but
see Nicholls & Roberts, 2002, for conflicting findings).

Observed differences in readers with opposite reading
habits are incorporated in cultural accounts of spatial
asymmetries, which propose that spatial biases are the result
of learned behaviour. According to these accounts, everyday
exposure to a reading and writing direction induces the devel-
opment of a learnt spatial attentional bias that is capable of
spilling over to tasks unrelated to script (Maass, Suitner, &
Deconchy, 2014). The bias is not only shaped by many hours
spent actively scanning text with eyes and fingers (ocular or
motor biases), but also by reading observation as shown in
preliterate children (Gobel, McCrink, Fischer, & Shaki, 2018;
McCrink, Caldera, & Shaki, 2018).

Many contemporary views therefore suggest that spatial
perceptual asymmetries are the result of an interaction be-
tween the lateralisation of brain function and cultural reading
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habits (Girelli, Marinelli, Grossi, & Arduino, 2017; Maass
et al., 2014; Rinaldi et al., 2014). A hard-wired, hemispheric
lateralisation of spatial attentional processes may be the
brain’s default setting that causes a leftward orienting bias.
Experiences throughout the lifetime, such as cultural reading
habits, might then shape the default setting in a way consistent
with native script direction. In the case of right-to-left readers,
continuous and frequent exposure to their script may override
or, at the very least, weaken the default leftward bias.

While habitual reading direction is known to influence vi-
suospatial biases (Chokron & Imbert, 1993; Maass et al.,
2014), it is poorly understood how immediate prior experi-
ences shape perceptual asymmetries. Studies on how people
conceptualise abstract concepts suggest that the bias might be
highly malleable. Habitual reading habits shape how we think
about numbers, time and language comprehension with the
left (right) being associated with smaller, earlier and the loca-
tion of the actor in left-to-right readers (right-to-left readers).
However, immediate prior spatial experiences, such as a few
minutes of reading in the opposite direction or mirror reading,
reverses these spatial conceptual asymmetries (Casasanto &
Bottini, 2014; Roman, Flumini, Lizano, Escobar, & Santiago,
2015; Shaki & Fischer, 2008). This raises the question of
whether such flexibility observed in spatial conceptual
asymmetries as a result of recent spatial experiences can also
be demonstrated for spatial perceptual asymmetries.

The current study tests the influence of a mirror-reading
manipulation on perceptual asymmetry within two groups with
opposite long-term reading direction habits. Demonstrating a
highly flexible and adaptive attentional system will have impor-
tant implications for current theories of spatial biases, which do
not currently consider the influence of recent experience
(Bowers & Heilman, 1980; Chokron & Imbert, 1993;
Kazandjian & Chokron, 2008; Reuter-Lorenz et al., 1990).

Method
Participants

Twenty-five native English readers (left-to-right) aged be-
tween 18 and 33 years of age (M = 23.12, SD = 4.48), and
24 native Hebrew readers (right-to-left) aged between 20 and
43 years of age (M = 24.96, SD = 4.60) participated in the
study. All participants were right-handed (Nicholls, Thomas,
Loetscher, & Grimshaw, 2013) University students and tested
in their home country (Adelaide, Australia and Ariel, Israel).
None of the Australian participants were able to read right-to-
left scripts. Israeli participants were native Hebrew speakers,
with habitual daily use of right-to-left script and reported only
minimal exposure to left-to-right script.

The required sample size was based on the assumption
of a moderate to large effect size of the reading

manipulation (e.g., Shaki & Fischer, 2008). To achieve a
power of .8 in a paired t-test with alpha =.05 and d = .65, a
minimum of 21 participants were required per group; how-
ever, we aimed for 24 participants per group to account for
possible issues during data collection.

The study was granted ethical approval from the University
of South Australia’s Human Research Ethics Committee, as
well as from Ariel Institutional Review Board. Participants
received an honorarium of $15 (Australian) or a credit in their
psychology classes. All participants provided informed con-
sent prior to participation.

Materials

Reading material Two non-fiction English travel recounts
written by Tremblay and sourced from a travel adventure book
titled ‘Riding Sky High’ were used (Tremblay, 2015). Each
recount was roughly 1,200 words and contained Standard
English vocabulary. Text was translated from English into
Hebrew for the experiment conducted with native Hebrew
readers. Text was presented in a standard (left-to-right/right-
to-left) or mirror-reversed (right-to-left/left-to-right) format
for English and Hebrew readers, respectively. All words were
capitalised, and displayed in 15-point Helvetica font, with
1.15-point spacing. The text occupied four pages and was
separated into roughly six paragraphs consisting of around
four to six lines of text each. The protocol for the reading task
(text length, font conditions and presentation) was adapted
from Roman et al. (2015), a study that successfully altered
mental representations after mirror reading.

Landmark task stimuli The presentation of pre-bisected lines
and the subsequent judgments of the length of the line’s two
segments is a common measure of spatial attentional biases
(e.g., Harvey, Milner, & Roberts, 1995; McCourt & Jewell,
1999). The pre-bisected line stimuli in this study were
modelled on McCourt (2001) and Nicholls et al. (2014).
Stimuli were presented individually against a uniformly grey
background. Two black and two white horizontal bars were
arranged diagonally to form opposite pairs (see Fig. 1 for an
example). The point at which the inner edge of the bars inter-
sects was shifted 0.5, 1 or 2 mm to either the left or the right of
the objective centre, such that one segment was always longer
than the other. All lines remained 25 c¢cm long. The entire
position of the pre-bisected lines was jittered horizontally on
a trial-by-trial basis between two locations located 2 mm from
either left or right of true centre, or in the centre itself, in order
to prevent participants from using external landmark cues to
assist task completion. Despite horizontal jittering, the line
was always placed in the vertical centre.

A series of 144 horizontal lines per condition was presented
per participant, derived from four repetitions of 36 unique com-
binations of the four factors (polarity: top left horizontal bar
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Fig. 1 Horizontal schematic illustrating the within-subjects experimental
manipulation. Participants indicated whether a series of horizontal lines
was longer on the left or longer on the right immediately after reading a

(black); top left horizontal bar (white), jitter: left (2 mm); centre
(0 mm); right (2 mm), longer side: first (left); second (right),
and deviation: first (0.5 mm); second (I mm); third (2 mm).

Procedure

Each participant read aloud travel recounts presented once in
standard and once in mirror-reversed format. The order of the
two conditions was counterbalanced and the text script was
presented in participants’ native language. After reading a text
in either condition, participants performed the landmark task
(see Fig. 1).

Participants were seated in a chair parallel to the experi-
menter and were given the travel recount to read. The exper-
imenter recorded the number of errors and text reading time.
Immediately after the text was read, participants were posi-
tioned in front of an LCD monitor. The monitor was posi-
tioned relative to the individuals® fronto-parallel plane and
centred with respect to the sagittal-body middle. Participants
were instructed to rest their chin on an adjustable chin rest that
ensured head and eye positioning remained consistent with the
centre of the monitor, at a viewing distance of 60 cm. After
participants read on-screen experimental instructions (present-
ed in a standard or mirror-reversed format, depending on con-
dition), the landmark task began. On completion of the first
condition, participants were given a short break before com-
pleting the opposite condition.

Whereas reading was manipulated via mirror-reversal, the
landmark task itself remained unchanged, with the exception
of on-screen experimental instructions, which were presented
in a standard or mirror-reversed format to avoid effect con-
tamination. This is unlike other studies, which sought to ma-
nipulate the bisection task itself by changing the direction
from which scanning is initiated when judging the lines (cf.
Jewell & McCourt, 2000). The landmark task required partic-
ipants to make a forced-choice judgement as to whether the
144 randomly sequenced horizontal lines (displayed one at a
time) were longer on the left or longer on the right.
Participants indicated their response by pressing a left- or
right-designated button. For example, if participants believed
the left segment of the line was longer, the left button was
pressed with the index finger on the left hand, with the
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text of a particular directionality (standard, mirrored). Order of conditions
and texts were counterbalanced

opposite true for the right. Stimuli presentation and response
timing were based on Nicholls et al. (2012), with stimuli
shown for 500 ms and a response period of 2,000 ms.
Participants were instructed to respond only after the pre-
bisected line was removed. If participants failed to respond
within the designated response window, an alert (presented
in standard or mirror-reversed format, applicable to the test
condition) appeared to remind participants to respond quickly.
Missed trials were disregarded and replaced with an identical
trial on next presentation.

Analyses

Reading performance was assessed by noting the number of
reading errors and reading time (seconds) in the standard and
mirror-reading condition. In addition, the cognitive cost of
mirror reading relative to standard reading was calculated as
mirrored reading time divided by standard reading time.

To assess spatial asymmetries in the landmark task, a re-
sponse bias was calculated for each condition by subtracting
the number of left responses from the number of right re-
sponses and converting the difference to a percentage of the
total number of trials (Nicholls et al., 2014). The bias scores
could range from —100 to +100, with negative and positive
scores indicating a bias towards the left and right side, respec-
tively. A score of —100 indicates that a participant always
responded ‘left segment longer’.

Results

One English participant was excluded from the analyses on
the basis that their overall accuracy score did not significantly
differ from chance (accuracy score M = 53.13%). The pattern
of results did not change with the exclusion of this participant.
Additionally, one Hebrew participant was excluded from the
analyses because of a technical error whereby no data were
recorded for one of the conditions.

The exclusion of the two participants reduced the sample
size to 47 participants. Demographics and reading perfor-
mance data split by Group are provided in Table 1.
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Table 1 Details on reading performance
Participants Reading time in seconds (SD) Number of reading errors (SD) Mirrored/standard
(f/m) reading time (SD)
Standard Mirrored Standard Mirrored
Hebrew 23 (18/5) 323 (57) 1295 (292) 2.7 (1.6) 15.0 (5.9) 4.1 (1.1)
English* 24 (18/6) 410 (35) 1065 (274) 43 (3.1) 12.2 (7.0) 2.6 (0.6)
Total 47 (36/11) 367 (64) 1180 (303) 3.5(2.6) 13.6 (6.5) 34(12)

Note: Mirrored reading time divided by standard reading time indicates how much longer it took participants to read the mirrored text relative to the
standard text. * One English participant missed large parts of text in the mirror-reading condition (totaling 223 reading errors). Their mirror-reading data

were excluded when calculating the average reading time and mean errors

Overall accuracy in the landmark task was 71.7% (SD =
6.2) and 72.8% (SD = 7.9) for Hebrew and English readers,
respectively. A repeated-measures ANOVA with reading di-
rection (standard, mirror-reversed) as within-subject factor
and native language (English, Hebrew) as between-subject
factor revealed no main effect of native language (F(1,45) =
0.01; p > 0.93). There was a significant main effect of reading
direction (F(1,45)=15.77;p <0.001; Partial Eta’=.26) witha
smaller response bias after mirror reading (M = —9.40, SD =
26.30) than after standard reading (M = 2.54, SD = 28.01).
Importantly, there was a significant interaction between read-
ing direction and native language (F(1,45) =47.85; p < 0.001;
Partial Eta® = .52). Employing Holm-Bonferroni corrections
for multiple comparisons, post hoc tests revealed opposing
spatial biases in the two groups’ standard reading condition

40

Response Bias

-40

Standard

Condition

(t=—-2.75, p = 0.009, Cohen’s d = 0.8) and significant effects
of reading direction within both native language groups:
Mirror reading shifted the response bias leftward compared
to standard reading in native Hebrew readers (t = 7.58, p <
0.001, Cohen’s d = 1.6), whereas mirror reading in English
readers lead to a rightward response bias shift (t=—2.12, p =
0.045, Cohen’s d = 0.4, see Fig. 2). One-sample t-tests against
0 revealed a significant bias in the standard (1(22) =3.62, p =
0.002, d = 0.76) and mirror-reversed condition (t(22) = —4.34,
p<0.001,d =—-0.90) for the Hebrew readers. The correspond-
ing one-sample t-tests for the English readers were not signif-
icant (standard (t(23) = —1.17, p = 0.25, d = —0.24); mirror-
reversed (t(23) = 0.28, p = 0.78, d = 0.06).

Exploratory analyses revealed no relationship between the
cognitive cost of mirror reading (mirror-reading time divided

Group

E3 Hebrew
B3 English

Mirrored

Fig. 2 Interaction between condition (standard, mirrored) and participant group (English, Hebrew). Negative and positive response biases indicate a bias
towards the left and right side of space, respectively. Dots indicate individual participant data
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by standard reading time) and change in spatial bias (calculat-
ed as Mirrored Bias minus Standard Bias): Pearson’s r Hebrew
participants = .01, p = .98; Pearson’s r English participants =
.03, p =.90.

Discussion

The findings of this study provide clear evidence against an
exclusively hardwired account of spatial perceptual asymmetries
(i.e. pseudoneglect as the result of a laterality in brain function-
ing). The opposing spatial biases observed in English and
Hebrew readers highlights that cultural reading habits play an
important role in how space is perceived and judged
(Kazandjian & Chokron, 2008). The biases in the direction of
their native reading directions serve as an important reminder that
even low-level cognitive processes such as perception can be
shaped by the culture in which we live and that cross-cultural
studies are critical to gathering a complete understanding of brain
functioning (Han & Northoff, 2008).

While cultural reading habits seem to shape the default
setting of spatial perception with biases aligning with one’s
native script direction, this default setting seems highly plastic
and mouldable. Briefly manipulating reading direction was
enough to override native perceptual tendencies in both
groups. The mirror-reading condition forced Hebrew and
English readers to read in the opposite direction of their ha-
bitual script, and this was sufficient to reverse the direction of
native spatial biases (see Fig. 2). The malleability of spatial
biases demonstrated in response to immediate prior spatial
experience ties in nicely with research that describes similar
effects for the spatial conceptualisation of abstract domains,
such as thinking about numbers (Shaki & Fischer, 2008) and
time (Casasanto & Bottini, 2014). We show here that prior
spatial experiences affect not only mental representation
(Casasanto & Bottini, 2014; Roman et al., 2015; Shaki &
Fischer, 2008), but also simple perceptual judgments. The fact
that a simple manipulation like reading is enough to change
spatial judgements may be surprising given the importance of
accurate spatial judgements in everyday life.

An interesting observation is that the mirror-reading ma-
nipulation worked better in Hebrew than in English partici-
pants. We can only speculate about the reasons for these group
differences. However, it could be that the Hebrew participants
demonstrate more malleability, as they are better accustomed
to switching from right-to-left to left-to-right scripts, whereas
none of the English participants were able to read a right-to-
left script. A possible argument against this reasoning is that
Hebrew participants were slower than English participants in
the mirror-reading task (note that direct comparisons of read-
ing time should be treated cautiously as we do not know
whether the text difficulty and complexity differed between
the original and translated texts).
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An alternative explanation for the group differences is
based on the interaction between the lateralisation of brain
function and the mirror-reading direction. In Hebrew par-
ticipants, hemispheric lateralisation and the reading direc-
tion in mirror reading could be additive, as they both pull
in the same direction (leftward). In English participants,
however, the mirror-reading manipulation needs to over-
come the hardwired leftward bias, hence resulting in a
smaller mirror-reading effect in English rather than
Hebrew participants. Perhaps against this account speaks
the observed bias in the standard reading condition. It
could be argued that English participants should show a
stronger leftward bias (additive effects of hardwired
lateralisation and reading direction), but we did not ob-
serve pseudoneglect in our sample.

Irrespective of the explanation for stronger effects in
Hebrew participants, the current findings complement re-
cent studies demonstrating that prior acquaintance with
the stimuli used in the experiment can bias the allocation
of spatial attention, even if they are irrelevant to the task
(e.g., Anderson & Halpern, 2017; Kyllingsbak, Schneider,
& Bundesen, 2001; Le Pelley, Mitchell, Beesley, George,
& Wills, 2016). We expand on this previous work and
show that prior experiences unrelated to task stimuli also
can affect the allocation of attention.

While this study demonstrated the malleability of spatial
biases, future research is needed to refine our understand-
ing of these findings and their underlying mechanisms. A
no-reading control condition was deemed unnecessary for
the purpose of this study, but the lack of such a control
condition means we cannot determine whether the default
bias (i.e., bias in the absence of any prior reading) is sim-
ilar to the bias observed after standard reading or located
somewhere between the standard and mirror-reading con-
ditions. The current study design can also not answer ques-
tions regarding the temporal aspects of the reading manip-
ulation. An interesting next step would be to determine
whether a longer reading duration would enhance the ef-
fects and how quickly these effects decay after reading.
Finally, the use of eye-tracking in future studies would
allow pinpointing the mechanism underlying the effect.
For example, eye tracking could determine whether the
reading manipulation changes participants’ horizontal
scanning behaviour and whether this effect was driven by
saccadic eye movements, as our stimuli presentation was
relatively long (500 ms) for a landmark task and may have
allowed eye movements.

In conclusion, we demonstrate that a brief exposure to mir-
ror reading can affect a subsequent spatial perceptual judg-
ment. Our working hypothesis is that spatial perceptual
asymmetries are the result of an interplay between biological,
hemispheric specialisations (i.e., a default setting), experi-
ences throughout the lifetime (e.g. cultural habits) that shape
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the default setting, and immediate experiences (e.g. recent
spatial activities, situational context), which overwrite both
the default setting and lifetime experiences under certain cir-
cumstances. If true, manipulating recent spatial activity and
employing a perceptual task such as the landmark task in
populations with opposing reading habits may provide an in-
teresting strategy to disentangle the contributions of nature,
nurture (lifetime experiences) and immediate prior experi-
ences on brain functioning (Han & Northoff, 2008).
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