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Abstract

When young adult readers bisect a visually presented line, they generally po-
sit the subjective midpoint to the left of the objective one, a phenomenon
called pseudoneglect. This phenomenon also pertains to orthographic ma-
terial (words, pseudowords, consonant strings) and recently it has been
shown that stimulus length may affect the bisection of lines and orthographic
material differently: whereas lines are always bisected leftward, orthographic
material is sensitive to length showing an opposite rightward bisection bias
only with short stimuli. Pseudoneglect is generally ascribed to two main fac-
tors: cerebral asymmetries in visuo-spatial tasks and reading habits. To inves-
tigate this issue, 46 adults with different directional reading habits (Italian
and Hebrew-speaking) were asked to bisect lines, words, and pseudowords of
different lengths in both languages. Stimuli were presented on the screen of a
tablet computer and the participants marked the target midpoint with their
forefinger. The results showed that reading habits have an important role in
the magnitude and direction of the bias in bisecting verbal and nonverbal
material.

Keywords

Line and Word Bisection, Reading Habits, Hebrew-Speaking Vs. Italian
Speaking

1. Introduction

When left-to-right readers are required to bisect a line, they posit the subjective
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midpoint to the left of the true objective one (e.g., Bradshaw et al., 1986) This
phenomenon is called pseudoneglect (Bowers & Heilman, 1980), because of its
similarity to the deviation from the middle shown by unilateral neglect patients
in line bisection (e.g., Heilman et al., 1993), although in the opposite direction.

At least two different mechanisms have been considered to be responsible for
pseudoneglect: the first is the differential involvement of the cerebral hemis-
pheres when performing a bisection task (e.g., Gallace et al., 2008). Indeed, stu-
dies on patients with unilateral spatial neglect (Heilman et al., 1993) and neu-
roimaging studies with unimpaired participants (e.g., Cicek et al., 2009) testified
the contribution of the right intra-parietal sulcus and the lateral peristriata cor-
tex when computing a line bisection task. The magnitude of the leftward bias has
been shown to be related to the rightward hemispheric lateralization (Zago et al.,
2017), as well as to individual laterality factors (such as handedness and eye
sighting dominance) (Ochando & Zago, 2018). The second mechanism relates to
the reading direction (e.g., Chokron et al., 1993; Gabay et al., 2013; Girelli et al.,
2017; Rinaldi et al., 2014). In a study among normal right-handed adults differ-
ing by their reading habits, French and Hebrew-speaking participants were cha-
racterized by opposite patterns of deviations in line bisection (Chokron & Im-
bert, 1993): while French participants showed a leftward bias, Hebrew-speaking
ones made a significant rightward deviation error. Such finding was further cor-
roborated by studies in which pre-school children, belonging to languages with
opposite reading habits, were examined (Chokron & De Agostini, 1995; Fagard
& Dahmen, 2003).

Pseudoneglect even characterizes the bisection of visual strings such as words
and pseudowords (Fischer, 1996, 2000a, 2000b) and it has been shown to be
partly independent from variables such as the kind of task (visual or motor bi-
section tasks, Arduino et al., 2012), the request to read aloud or not the stimuli
(Fischer, 2000b), the type of language (Fischer, 2000b), the different grammatical
word classes (Fischer, 2000b) or the font type and size used (Fischer, 2004). Ar-
duino et al. (2010) conducted a study on unimpaired young adult Italian readers
showing that orthographic strings and lines behaved differently with respect to
stimulus length: whereas short and long lines were always bisected with a similar
leftward bias, orthographic strings (like words and pseudowords) yielded a sim-
ilar leftward bias when longer, but were all bisected towards the right of the ob-
jective center when relatively short. With respect to word bisection, both the
imbalanced hemispheric activation hypothesis (e.g., Scarisbrick et al., 1987) and
the reading habits hypothesis may account for the reported leftward bias, by
postulating that similar mechanisms are involved in the bisection of both lines
and words. However, such theories fail to account for the rightward bias in
shorter Italian words. An alternative view is offered by the Attentional Scaling
Hypothesis by Fischer (1996) who postulates that the bisection of orthographic
material obeys to an additional lexical mechanism, such as lexical access, which
is independent and somehow additive to the mechanisms involved in line bisec-

tion. Following this line, the bisection difference between short and long words
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could be explained by the optimal viewing position which is located in different
parts of the strings, depending in their length. However, it is worth noting that
in Arduino et al. (2010) nonverbal symbol strings yielded a similar result to let-
ter strings, despite the lack of verbal information and thus the unnecessary lexi-
cal entry, and the suggestion was made that this effect is partially due to the high
perceptual similarity of orthographic letter strings and nonverbal symbol strings,
both constituted by discrete elements when compared to continuous solid lines.
For this reason, the argument was made that the difference between lines and
strings emerges early on in a low-level pre-processing step that detects the pres-
ence or absence of space between characters (words, pseudowords, strings of
hashes, and dotted lines all shared this property, unlike solid lines) and that only
later the verbal nature of the stimulus emerges (Girelli et al., 2018). Indeed,
words bisection is also driven by lexical variables as showed by the pioneering
studies by Fisher (e.g., 2000) and more recently by Veronelli et al. (2014). The
authors found a reduced rightward bias in bisecting irregularly stressed short
words (i.e., with stress on the antepenultimate syllable instead on the penulti-
mate syllable) indicating that word stress location may attract an orient vi-
suo-spatial attention.

In the present study, we compared two populations differing in their reading
habits: Italian (from left-to-right) and Hebrew-speaking participants (from
right-to-left). Participants were required to bisect lines and orthographic stimuli
in both languages: Italian participants bisected both Italian and Hebrew words
and pseudowords and vice versa. If reading habits have a role in modulating the
bias direction (leftward or rightward), predictions could be made that He-
brew-speaking participants were expected to bisect words, and possibly also
lines, more rightward compared to Italian participants. If, however, both reading
habits and cerebral hemispheric specialization contribute to the bisection bias,
we would expect the two factors to work in opposite directions in He-
brew-speaking participants, yielding a bisection bias more located to the right
than in Italian, but not necessarily to the right of the middle. Regarding the bi-
section of stimuli not in their mother tongue, we expected a large rightward bias
for Italian subjects in bisecting Hebrew stimuli (due to the fact that for Italians,
Hebrew words are similar to symbols). On the contrary, for Hebrew-speaking
participants, a smaller rightward bias with Italian characters was expected, since
even if Italian words are not known, they are still recognized as strings made up
of orthographic elements. Indeed, most Hebrew-speakers read and speak at least
one left-to-right language correctly (e.g., English, French) and this may attenuate
the right-to-left bias connected to the reading habits.

2. Method
2.1. Participants

Twenty-eight Italian-speaking and 28 Hebrew-speaking adults participated in
the study (see Table 1). Participants were 1*-3™ years students at the LUMSA
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Table 1. Socio-demographic characteristics of Italian and Hebrew participants.

Italian participants Hebrew participants difference P

Male 8 12
¥=124 026
Female 20 16

Age: mean years

23.2 (+3.6 20.3 (3.7 t(55)=1.69 0.10
(standard deviation) (+3.6) (3.7) (55)

University of Rome and the University of Tel Aviv. As reported in Table 1,
groups were comparable for age and gender. All participants had no history of
reading or spelling disorders and normal or correct vision. All participants were
right-handed.

Prior to start the experiment, all of them provided an informed consent and

the study was approved by the Ethic committee of both the Universities.

2.2. Procedure

The research was conducted using a tablet computer (Samsung Galaxy Tab
P7510, 10.1 inches, screen resolution 800X200; Android OS v. 3.2 operating sys-
tem), for which an application (“Emtza Emtza v1.0”) has been specifically des-
ignated for stimuli presentation and data collection.

The stimuli appeared on the screen, one at a time, and the participants were
asked to bisect each of them with their right hand index finger from top to bot-
tom, as quickly and accurately as possible. Participants were asked to find the
centre of the stimuli, with the precise instruction to look at the stimulus as a
visual object and not counting the number of letters in the case of orthographic
materials. The application presented a single stimulus at a time, in the middle of
the screen. The experiment began with 10 practice stimuli, which were used to
exemplify the bisection request, and to allow for adapting to the task. The prac-
tice stimuli consisted of object pictures to support the request for finding the
visual center of various objects.

The experimental stimuli appeared on the screen for an unlimited time, and
disappeared only after the participant’s response. A 500 ms delay between sti-
mulus bisection completion and the appearance of the next stimulus was used.
The stimuli appeared in black on a white screen. The tablet was placed on a desk
in front of the subjects, approximately 40 cm away from their eyes. Words and
pseudowords were presented in lowercase Courier New font, equivalent to 53
points; the width of line-type stimuli is 1 mm.

The participants did not receive any response-contingent feedback from the
experimenter during tests. However, throughout the examination, if the partici-
pant did not bisect the stimulus as instructed (from top to bottom), or crossed
the boundaries throughout the bisection, the mark was not recorded, leaving the
stimulus presented on the screen until the subject correctly bisected the stimu-
lus.

At the end of the tests’ administration, the system provided a separate output
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for each participant. The employment of the tablet facilitated a more reliable
measurement than any manual means. Several indices were collected for each
stimulus: its serial number according to the various tests, its appearance in the
random order for that subject, the stimuli’s length, its true center, and the point
where the subject bisected it, namely, the subject mark’s degree of deviation
from the stimulus’ true center. Computation of participants’ marking deviation
was administered by subtracting stimulus’ real centre from the mark’s place-
ment, such that the right deviation from the bisection line was defined by posi-
tive values, while a left deviation with a negative values, similarly to the number
axis. All stimuli were measured in pixels. For clarity and simplicity in this article
results are presented in mm (pixel data were converted in millimetres by mul-
tiplying by 0.17). Outliers (i.e., data above/below 4 standard deviations of the
subject average for each stimulus type) were eliminated.

Each participant was examined separately, in a quiet room, under best lighting
conditions. The participants were not previously provided with information

concerning the research’s purpose.

2.3. Stimuli

Stimuli were lines, Hebrew words and pseudowords and Italian words and
pseudowords. Both Italian and Hebrew-speaking participants performed the task
both in their native language and in the other, unknown, language. All stimuli
were randomized, and every 1 - 3 stimuli a filler appeared.

Lines: 32 horizontal lines of two different lengths (corresponding to the
length—in pixel—to the orthographic stimuli were used (one to one to the
words and pseudowords stimuli). The length of the lines was 40.9 + 1.5 mm for
short lines and 86.8 + 3.1 mm for long lines.

Pseudowords: Sixteen pronounceable and orthographically legal nonwords or
pseudowords, 8 short (4-letters) and 8 long (8-letters) were used for both lan-
guages and were matched for length. In Hebrew, for each length, we used four
pseudowords that retain the Hebrew morphological structure and four that were
legal letter strings.

Words: 16 Italian words and 16 Hebrew words were used: 8 were short (3 - 5
letters, with a mean of 4 letters) and 8 were long (7 - 9 letters, with a mean of 8
letters words). In Italian, words were all morphologically simple nouns. In He-
brew, 3 letter words included only the 3-consonantal root, and 5, 7, and 9 letter
words included the root in the center with a prefixes before the root and a suffix
after the root (e.g., the 7 letter word mp1onn, TTPRKNH, included the prefix
“tt”, the root prk, and the suffix “nh”). Because we wanted to only include words
in which the root appears in the middle, so as to avoid the effect of the root’s po-
sition on bisection (see Trinczer & Friedmann, 2014), we only used Hebrew
words in which the root was in the exact center, with the same number of letters
in the prefix and suffix.

Fillers: 52 fillers were used in order to prevent fixation of the participant’s

hand in the tablet’s center. The fillers were similar to stimuli in the different tests
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but, unlike the test stimuli, appeared in various random positions on the screen.

The information for filler bisection was not analyzed.

2.4. Data Analysis

We analysed separately the effects on line and orthographic bisection. In both
analyses, the dependent variable was the deviation from the stimulus’ centre for
each participant and each target. The first analysis is a repeated measures
ANOVA with Jength (short vs long) as repeated measure and Janguage group
(Italian vs Hebrew-speaking participants) as between variable. The second anal-
ysis is a repeated measures ANOV A with Jength (short vslong), lexicality (words
vs pseudowords), and character (Italian vs Hebrew) as repeated measure and
language group (Italian vs Hebrew-speaking participants) as between variable.

Significant interactions were explored by Bonferroni post hoc test.

3. Results

Line bisection

Line bisection showed a significant main effect of Janguage group [F (1,54) =
6.59, p = 0.013] indicating a rightward bias for Hebrew-speaking participants
(+0.30 mm to the right of the centre) and a leftward bias for Italian participants
(—0.26 mm, namely, 0.26 mm to the left of the centre).

Language interacted with Jength [F (1,54) = 9.35, p = 0.003] as the bisection
bias for short lines was similar for Italian and Hebrew-speaking participants,
whereas in long lines a different bias emerged (p = 0.088). Hebrew-speaking par-
ticipants showed a rightward bias (+0.67 mm) significantly different from zero
(tss) = 2.85, p=0.006) in the case of long lines and a leftward bias (-0.06 mm)
not significantly different from zero (t < 1) for short lines. Italian participants
showed a leftward bias that did not differ significantly from zero for both short
(-0.16 mm) and long (-0.36 mm) lines. See Figure 1.

lines bisection

Hebrew subjects

Olong
B short

italian subjects

-0.4 -0.2 0 0.2 0.4 0.6 0.8
Deviation from the objective centre (mm)

Figure 1. Line Bisection. Deviation for the objective centre (in mm) of Hebrew-speaking
and Italian participants in bisecting short and long lines. The asterisks identify a signifi-
cant deviation from zero according to t test.
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Results regarding line bisection were in accordance to the literature: in He-
brew-speaking participants, a rightward bias was evident while in Italians the
opposite leftward bias was obtained. Such cross-linguistic differences were par-
ticularly evident in the bisection of long lines.

Bisection of orthographic materials

Figure 2 illustrates the results of the orthographic bisection task. There was a
significant main effect of Jength [F (1,54) = 11.19, p= 0.001)] and of character [F
(1,54) = 82.20, p < 0.0001]. The main effect of language group was not signifi-
cant.

Length interacted with character [F (1,54) = 9.56, p = 0.003] and /exicality [F
(1,54) = 4.69, p = 0.035]. The length x character interaction showed a larger
rightward bias for longer stimuli only for Hebrew characters (+1.02 mm differ-
ence between the biases measure in short and long Hebrew stimuli) but not for
Italian characters (0.30 mm, p < 0.0001). Such larger rightward bias for Hebrew

relative to Italian characters was even evident for the short stimuli (+0.51 mm vs

Orthographic bisection: Hebrew subjects

long
character: Italian
Jcharacter: Hebrew
short
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Deviation from the objective centre (mm)

(a)

Orthographic bisection: Italian subjects

long

# character| Italian
Ol character: Hebrew

short

T T T T T

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Deviation form the objective centre (mm)
(b)

Figure 2. Orthographic stimuli bisection. Deviation from the objective centre (in mm) of
Hebrew-speaking (a) and Italian participants (b) in bisecting short and long orthographic
stimuli. The asterisks identify a significant deviation from zero according to t test.
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0.17 mm respectively, p = 0.001). The Jength x lexicality interaction showed lex-
icality effect for long (p = 0.049) but not for short stimuli; length effect was sig-
nificant both for words (mean of difference between long and short = 0.22 mm;
p=0.012) and for pseudowords (mean difference = 0.43 mm, p < 0.0001), but it
was larger in pseudowords.

Length x character x language interaction approached significance [F (1,54) =
3.08, p = 0.057]. Figure 2(a) illustrates that Hebrew-speaking participants
showed a significant rightward bias for orthographic stimuli of both lengths
when written in their own language (short +0.40 mm; t(55) = 3.89, p < 0.0001;
long +1.01 mm, t(55) = 5.21, p < 0.0001). By contrast, when Hebrew-speaking
participants were required to bisect Italian words and pseudowords, the bias was
close to zero for both short (+0.06 mm; t about 1) and long (+0.08 mm; t < 1)
stimuli.

The Italian participants (see Figure 2(b)) showed a significant and large
rightward bias for stimuli written in Hebrew, both for short (+0.63 mm; t(55) =
4.15, p < 0.0001) and long stimuli (+1.04 mm; t(55) = 4.96, p < 0.0001); a signif-
icant rightward bias was also evident when Italians bisected Italian characters for
both short (+0.27 mm; t(55) = 1.91, p = 0.052) and long stimuli (+0.52 mmy;
t(55) = 2.60, p=0.012).

A post hoc exploration of the interaction showed a length effect for He-
brew-speaking participants in bisecting Hebrew stimuli (difference in the
rightward bias between long and short stimuli = 0.61 mm; p < 0.0001), whereas
the effect of length was not significant for Hebrew-speaking participants when
reading Italian stimuli (difference = 0.02 mm); Italian-speaking participants
showed a significant length effect for Hebrew stimuli (difference = 0.41 mm, p =
0.034), and a non-significant tendency when bisecting characters of their own
language (difference = 0.25 mm; p > 0.1). Hebrew stimuli generally produced a
larger rightward bias than did the Italian stimuli. This difference was significant
only for the long stimuli, both for the Hebrew-speaking participants (0.92 mm; p
< 0.0001) and for Italians (0.52 mm; p = 0.002).

Cross-linguistic differences also emerged when participants were required to
bisect orthographic material. Overall, Hebrew-speaking participants showed a
rightward bias when bisecting orthographic stimuli of their own language (for
both short and long words and pseudowords). On the contrary, Italian words
and pseudowords were bisected by Hebrew-speaking participants more closely
to the middle, irrespectively of the stimulus’ length.

By contrast, Italian participants showed a rightward bias when bisecting Ital-
ian orthographic stimuli as well as stimuli presented in Hebrew characters.
Length seemed to affect bisection more for Hebrew character than for Italian

ones.

4. Conclusion

In the present study Italian and Hebrew-speaking adults bisected lines and or-

thographic stimuli in the two languages. The results with lines replicated well
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known findings (e.g., Arduino et al., 2010; Chokron & Imbert, 1993), where Ital-
ians showed a leftward bisection bias and Hebrew-speaking participants a
rightward one. This finding reassured us about the validity of the tablet proce-
dure. The finding that Hebrew-speaking participants bisected short lines more
correctly (i.e., closer to the real centre of the line) could provide some evidence
of an attenuation of the bias due to the interaction between cerebral asymmetries
and reading habits mechanisms. Indeed, and differently from Italians, in
right-to-left readers the two mechanisms are in opposition: the reading habits
bring spatial attention to right side of the string whereas the hemispheric specia-
lization takes to the left. This conflict could be solved with a compromise and
resulting in a more accurate bisection (see Fagard & Dahmen, 2003, for a similar
conclusion).

Data regarding word and pseudoword bisection were more puzzling, espe-
cially for the Italian data. Importantly, Hebrew-speaking participants confirmed
our predictions in bisecting orthographic material, by positing the subjective
midpoint significantly to the right when bisecting orthographic strings in their
mother language. When the same Hebrew-speaking participants were requested
to bisect Italian words and pseudowords, they showed a leftward bias, further
confirming the role of reading habits in such a task. In fact, even if He-
brew-speaking participants do not speak Italian (for them Italian words have not
lexical status), they know English and are hence acquainted with left-to-right
reading with these characters. These results showed that the cerebral dominance
of the right hemisphere cannot account for the findings by itself, because it is
more a combination between the hemisphere dominance and reading habits.
When orthographic stimuli are presented (independently from the lexical sta-
tus), they are processed and treated at least according to the language in which
they are presented. The present finding confirms the pre-lexical nature of the
early processes affecting attentional bias (Girelli et al., 2018).

The Italian data regarding the bisection of words were quite different from
previous results, where only Italian language was tested (see e.g., Arduino et al.,
2010; as well as healthy subjects examined in Arduino et al., 2012 and Veronelli
et al., 2014). We did not replicate the leftward bias for words and pseudowords,
in that a strong rightward bias was present in the Italian participants’ perfor-
mance when bisecting both Italian and Hebrew letter strings. The results on He-
brew character are not surprising, in that in a recent study by Girelli et al. (2018)
it has been shown that Italian participants bisected non-orthographic strings
more rightward. We can assume that Hebrew characters are not recognized as
letters by the Italians and that they were treated as non-orthographic strings.
The fact that a rightward bias was present even in bisecting Italian orthographic
strings could be due to the fact that in this study all stimuli were mixed together
and, as shown by Arduino et al. (2010), the pseudoneglect is less marked, if not
absent, in this condition.

In conclusion, we confirm our prediction regarding a reading habits role in

bisecting lines, graphic and orthographic strings, and the fact that such vi-
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suo-spatial materials underline partially different mechanisms.
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