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A meta-analysis of the line bisection task in children
Danishta Kaul a, Marietta Papadatou-Pastou b,c and
Gemma Learmonth a

aSchool of Psychology & Neuroscience, University of Glasgow, Glasgow, Scotland; bSchool of
Education, National and Kapodistrian University of Athens, Athens, Greece; cBiomedical
Research Foundation, Academy of Athens, Athens, Greece

ABSTRACT
Meta-analyses have shown subtle, group-level asymmetries of spatial attention
in adults favouring the left hemispace (pseudoneglect). However, no meta-
analysis has synthesized data on children. We performed a random-effects
meta-analysis of spatial biases in children aged ≤16 years. Databases
(PsycINFO, Web of Science & Scopus) and pre-print servers (bioRxiv, medRxiv
& PsyArXiv) were searched for studies involving typically developing children
with a mean age of ≤16, who were tested using line bisection. Thirty-three
datasets, from 31 studies, involving 2101 children, were included. No bias
was identified overall, but there was a small leftward bias in a subgroup
where all children were aged ≤16. Moderator analysis found symmetrical
neglect, with right-handed actions resulting in right-biased bisections, and
left-handed actions in left-biased bisections. Bisections were more leftward in
studies with a higher percentage of boys relative to girls. Mean age, hand
preference, and control group status did not moderate biases, and there was
no difference between children aged ≤7 and ≥7 years, although the number
of studies in each moderator analysis was small. There was no evidence of
small study bias. We conclude that pseudoneglect may be present in children
but is dependent on individual characteristics (sex) and/or task demands
(hand used).
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Introduction

Pseudoneglect is characterized by a small, but consistent, lateralized asym-
metry of visuospatial attention, where space and objects on the left-hand
side are preferred, or overestimated, in magnitude, relative to those on the
right (Bowers & Heilman, 1980). Leftward biases are typically attributed to a
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right hemispheric dominance for spatial attention, particularly within the
parieto-occipital cortex, which manifests in this attentional preference for
the contralateral left hemispace (Çiçek et al., 2009; Fink et al., 2000; Foxe
et al., 2003; Zago et al., 2017).

The majority of studies investigating pseudoneglect have tested healthy
younger adults, usually aged 18-50, but changes in the direction and magni-
tude of lateralized biases are also commonly reported in children and in older
adults. Specifically, older adults have variously been reported to have a
reduced leftward bias relative to young adults, or a bias that is reversed,
whereby the right hemispace is favoured, possibly due to changes in hemi-
spheric lateralization in older age. These scenarios have been explained by
different theoretical models, such as the hemispheric asymmetry reduction
in older adults (HAROLD) model (Cabeza, 2002), where activity is generally
less lateralized for cognitive functions in older people relative to young
adults. This model could explain findings of a reduced or eliminated pseudo-
neglect bias. A second theory, which would accommodate a shift into the
right hemispace (i.e., reversed pseudoneglect) is the right hemi-aging
model, where the right hemisphere experiences age-related decline prior
to (or to a greater extent than) the left hemisphere (Goldstein & Shelly,
1981). The extent to which these models are relevant to spatial attention
remains unclear (Mańkowska et al., 2020). In any case, our recent meta-analy-
sis of line bisection and landmark task performance in healthy adults aged
over 50 indicates that a small group-level leftward bias may remain present
in older age (Learmonth & Papadatou-Pastou, 2021).

In children, leftward line bisection biases are often observed from around 5-
7 years of age (Bradshaw et al., 1988; De Agostini et al., 1999; Failla et al., 2003;
Hoyos et al., 2020), but there is little evidence of a bias to either side of space in
children younger than this (Girelli et al., 2017; Patro et al., 2018). Patro et al.
(2018) aimed to identify the age at which spatial bias emerges by testing chil-
dren aged 3-7 on a horizontal line bisection task. No bias was identified in 3-4-
year-olds, but a leftward bias emerged in 5-6-year-olds. Similarly, Girelli et al.
(2017) tested 3-, 5-, and 8-year-olds, who bisected lines, words, and strings
of geometric figures. No line bisection bias was identified in 3-year-olds,
with only a trend towards the left in 5-year-olds, although both groups
bisected words and figures to the right. The leftward line bisection bias only
emerged consistently in the 8-year-olds. The emergence of pseudoneglect
during childhood is therefore likely to be a result of an interplay of factors,
such as the development of low-level perceptual and attentional systems
during this period, in conjunction with improvements in the dexterity and
motor co-ordination that is required to bisect a horizontal line (Girelli et al.,
2017). These findings also serve to highlight that variations in experimental
methodology and stimulus features can influence the direction of the spatial
bias observed in the line bisection task.
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In very young children, line bisections that are performed using the left
hand tend to produce leftward biases and right-handed bisections tend to
produce rightward biases (“symmetrical neglect”; Bradshaw et al., 1987,
1988; Hausmann et al., 2003). Symmetrical neglect is generally eliminated
in older children and adults, with more consistent leftward biases produced
as a result of both left- and right-handed bisections (although left-handed
bisections give rise to marginally larger leftward biases than right) (Jewell &
McCourt, 2000). The gradual maturation and myelination of the corpus callo-
sum during childhood has been touted as an explanation for this phenom-
enon, a structure which promotes the integration of perceptual
information across the left and right cerebral hemispheres (Pulsipher et al.,
2009). In younger children, the left hemisphere directs attention towards
the right visual field and the right hemisphere to the left visual field (Haus-
mann et al., 2003). In adults and older children, the mature corpus callosum
facilitates the transfer of visual information predominately towards the right
hemisphere, leading to the observed leftward pseudoneglect bias (Yazgan
et al., 1995). Pulsipher et al. (2009) found no association between callosal
volume (as a proxy for myelination) and line bisection bias in older children
and adolescents aged 8-18, however structural imaging in children younger
than this, coinciding with the critical period of emergence of pseudoneglect
at 5-7 years old, is lacking.

Finally, the development of pseudoneglect in later childhood may also,
at least partially, be related to the development of reading skills during
this period of childhood, and to cultural factors, such as reading direction
(Chokron & De Agostini, 1995). In particular, the requirement to initially
attend to the left side of a word or sentence could be a driving factor
in the development of leftward biases in native left-to-right reading chil-
dren (Hoyos et al., 2020; Girelli et al., 2017). Nevertheless, it is important
to quantify the overall effect size that should be expected in children and
identify whether biases are susceptible to the influence of moderator
variables, such as the sex and hand preference of the child and the
hand that was used to bisect the line. This is particularly important
because typically developing children are often used as a comparison
group against which the presence of spatial attention dysfunctions in
neurodevelopmental conditions, such as ADHD (Boles et al., 2009; Rolfe
et al., 2006, 2008) and dyslexia (Michel et al., 2011; Sireteanu et al.,
2005), are detected.

Apart from our own recent meta-analysis of spatial attention in older
adults (Learmonth & Papadatou-Pastou, 2021), the only other meta-analysis
of pseudoneglect that has been performed to date identified that young par-
ticipants generally exhibit a stronger leftward bias compared to older people
(Jewell & McCourt, 2000). However, in this meta-analysis young people were
classed as those aged <40 years old (likely due to the fact that very few
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studies of pseudoneglect in children were available at the time) and children
or teenagers were not analysed separately. Here, we present a comprehen-
sive, updated meta-analysis of the line bisection task in children who are
under 16 years of age. We also assess the influence of key moderator vari-
ables on spatial attention bias in children and adolescents and finally, ident-
ify whether small study publication bias may be present in the wider
literature.

Methods

Studies were identified from literature searches using the PsycInfo, Web of
Science, and Scopus electronic databases, from database inception until
8th March 2021. The search terms (“landmark task” OR “line bisection”)
AND (“children” OR “child”) were used, targeting all fields. Searches were
also performed in bioRxiv, medRxiv, and PsyArXiv to identify unpublished
data. After removing duplicates, the abstracts of 1626 records were screened
independently by 2 researchers (DK and GL), using the inclusion and exclu-
sion criteria listed below, and any disagreements were resolved through dis-
cussion. The full texts of 59 articles were checked for eligibility and the data
were extracted independently by the same 2 researchers, again with dis-
agreements resolved through discussion. Additional information was
obtained for 2 studies via email correspondence, where there was insufficient
information to extract the required data from the paper (Crollen et al., 2015;
Waldie & Hausmann, 2010). A total of 31 articles (comprising 33 datasets)
were included in the meta-analysis. Corresponding authors were contacted
to provide data for 8 additional studies, but the data were either unavailable,
the authors did not respond to requests, or the contact details were invalid
(Bradshaw et al., 1987, 1988; de Hevia & Spelke, 2009; Fagard & Dahmen,
2003; Jiang et al., 2008; Saj et al., 2020; Sampaio et al., 1995; Vieira et al.,
2013). The PRISMA guidelines (Page et al., 2021) for reporting meta-analyses
and systematic reviews were followed. A schematic of the search strategy is
presented in Figure 1.

Study selection

The inclusion criteria were as follows:

1) Age: Studies were included if the participant sample consisted of children
with a mean age of ≤16 years old. If no age range was reported, but the
mean age was ≤16 years, the study was included. Four studies reported
data on some participants whose age was >16 yrs. (maximum age = 17
years, Polikoff et al., 1995; maximum age = 19 years, Dennis et al., 2005;
Ickx et al., 2017; Richter et al., 2005), but the mean age was reported as
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≤16 and the studies were therefore included in the meta-analysis.
Although Ickx et al. (2017) included some participants aged ≥16, separ-
ate means and standard deviations were available for participants at each
year of age and this information was used to calculate an effect size for
the participants who were aged only ≤16.

2) Clinical status: Studies were included if the children were presumed to be
typically developing and/or had not been specifically recruited as having
a developmental issue. We included studies if the children formed a
control group that had been recruited as a comparator for a group
with developmental issues, for example ADHD (e.g., Boles et al., 2009)
or dyslexia (e.g., Sireteanu et al., 2005), but only the control data were
entered into the meta-analysis. Manly et al. (2005) included children
who had been rated as exhibiting a high or low frequency of ADHD-
type behaviours by their teacher and this study was included because
the children had not been formally diagnosed with ADHD.

Figure 1. Flow diagram documenting the electronic database searches, abstract screen-
ing, and the reasons for excluding studies. Adapted from Preferred Reporting Items for
Systematic Reviews and Meta-Analyses: The PRISMA Statement (Moher et al., 2009).
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3) Task: Studies were included when lateral visuospatial bias was assessed
using standard versions of either the line bisection task or the landmark
task. Thirty-three datasets (from 31 studies) reported using the line bisec-
tion task. Non-standard versions of the task, such as where the line was
part of a larger shape (e.g., Portex et al., 2017) or where children were
asked to indicate whether an object was equidistant between two
other objects (e.g., Saj & Barisnikov, 2015), were excluded. Only horizon-
tal, non-radially presented lines were included. Only 3 datasets (from 2
studies) used the landmark task (Hoyos et al., 2020 experiments 1 & 2;
Liu et al., 2012) and this task was therefore not analysed further.

4) Language: Only studies written in English, or where an English translation
was available, were included.

Moderators

1) Age: The numerical mean age of the participants in each study was
included as a continuous variable. Three studies did not report the
mean age and were excluded from this analysis (Dellatolas et al., 1996;
Roeltgen & Roeltgen, 1989; Sireteanu et al., 2005).

Secondly, we identified a subgroup of 30 studies where the upper age range
of the children was ≤16 years old, to assess whether the inclusion of adoles-
cents may have influenced the results. Three studies failed to meet this cri-
terion and were therefore excluded from this analysis (Dennis et al., 2005;
Polikoff et al., 1995; Richter et al., 2005).

Thirdly, we compared a subset of studies that reported data for younger
children (aged under 7) to a subset that included data for older children
(aged over 7) to assess whether biases may emerge during mid-childhood.
Nine studies reported data for at least one group of children who were all
aged up to 7 years old (Asenova & Andonova-Tsvetanova, 2019; Chokron &
De Agostini, 1995; De Agostini et al., 1999; Dellatolas et al., 1996; Failla et al.,
2003; Girelli et al., 2017; Ickx et al., 2017; Patro et al., 2018; Roeltgen & Roeltgen,
1989) and 23 studies reported data where all of the children were aged 7 and
over (Anelli et al., 2013; Boles et al., 2009; Chokron & De Agostini, 1995; Crollen
et al., 2015; Dellatolas et al., 1996; Dennis et al., 2005; Failla et al., 2003; Girelli
et al., 2017; Göksun et al., 2013; Hausmann et al., 2003; Ickx et al., 2017; Ninaus
et al., 2017; Polikoff et al., 1995; Pulsipher et al., 2009; Richter et al., 2005; Rolfe
et al., 2006; Sheppard et al., 1999 (two control groups); Sheppard et al., 2002;
Sireteanu et al., 2005; van Vugt et al., 2000; Vollebregt et al., 2016; Waldie &
Hausmann, 2010). Three datasets included children whose ages spanned
both of these age subgroups and were therefore not included in this analysis
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(Dobler et al., 2001 (experiments 1 & 2 age 6.5-7.5);Manly et al., 2005 (age 6-11);
Rolfe et al., 2008 (age 5.5-11.7)), as were two studies where the children’s age
range was not reported (George et al., 2005; Michel et al., 2011) and two data-
setswhere the effect size could not be extracted (Girelli et al., 2017 (3 year olds);
Patro et al., 2018 (3-4 year olds)).

2) Sex: Five studies reported separate data for girls and boys (Asenova &
Andonova-Tsvetanova, 2019; Chokron & De Agostini, 1995; De Agostini
et al., 1999; Dellatolas et al., 1996; van Vugt et al., 2000). Due to the
small number of studies that reported separate data for boys and girls,
we also calculated the percentage of male participants in each study
where the data were available (10 studies did not report this data and
were excluded from this analysis: Boles et al., 2009; Dennis et al., 2005;
Girelli et al., 2017; Hausmann et al., 2003; Ickx et al., 2017; Michel et al.,
2011; Ninaus et al., 2017; Roeltgen & Roeltgen, 1989; Rolfe et al., 2008;
Sheppard et al., 2002).

3) Hand preference: Three studies reported separate data for left- and right-
handed children (Asenova & Andonova-Tsvetanova, 2019; Dellatolas
et al., 1996; van Vugt et al., 2000). Due to the small number of studies
that reported separate data for handed preference, the percentage of
right-handed children was also extracted as a continuous variable. The
data were unavailable for 3 studies (George et al., 2005; Göksun et al.,
2013; Patro et al., 2018).

4) Hand used to bisect: Twelve datasets (from 11 studies) asked children to
bisect the lines using their left hand and their right hand (Asenova &
Andonova-Tsvetanova, 2019; De Agostini et al., 1999; Dellatolas et al.,
1996; Dobler et al., 2001 (experiments 1 & 2); Failla et al., 2003; Hausmann
et al., 2003; Pulsipher et al., 2009; Roeltgen & Roeltgen, 1989; Rolfe et al.,
2006; van Vugt et al., 2000; Waldie & Hausmann, 2010).

5) Control group status: We also extracted information on the recruitment
context of the participants, that is, whether the children were recruited as
control participants within a clinical study or had been recruited as part
of a stand-alone group of children. This was prompted by our obser-
vation in Learmonth and Papadatou-Pastou (2021) of a leftward bias in
older adults who had been recruited as a stand-alone older group, but
no bias in older clinical control participants. Twenty datasets had
recruited a stand-alone group of children and 15 datasets had recruited
children as control participants (Boles et al., 2009; Crollen et al., 2015;
Dennis et al., 2005; George et al., 2005; Michel et al., 2011; Pulsipher
et al., 2009; Richter et al., 2005; Rolfe et al., 2006, 2008; Sheppard et al.,
1999 (control groups 1 & 2), 2002; Sireteanu et al., 2005; Vollebregt
et al., 2016; Waldie & Hausmann, 2010).
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In addition to these 5 moderator variables, the data were also extracted for
the length of the lines, the modality of presentation (i.e., paper and pencil vs.
computerized), the presence of left or right lateralized cues and the spatial
location of the line, but there was not enough data available to formally
analyse these factors. This information is available alongside the full datasets
and R scripts at https://osf.io/n68fz/.

Effect size estimates

Leftward biases were denoted by a negative value and rightward biases by a
positive value. The mean spatial bias and standard deviation was extracted,
where available, and used to calculate an effect size using the formula:

Cohen′s d = mean/SD

Some studies reported the mean and standard deviations separately
across several different variables (e.g., hand preference, sex) rather than
reporting the overall mean. In these cases, effect sizes were calculated separ-
ately for each variable and then averaged to create an aggregate effect size,
as per Jewell and McCourt (2000) and Learmonth and Papadatou-Pastou
(2021). In some cases, only a t-value was available from a one-sample t-test
against zero (i.e., no bias or chance) and this was used to calculate the
effect size using the formula:

Cohen′s d = t/sqrt(n)

The standard error of the mean was reported in some studies rather than the
standard deviation, and this was converted to standard deviation using the
formula:

SD = SE∗sqrt(n)
The data extraction strategy employed for each study is documented in Table
1.

Statistical analysis

The metafor (Viechtbauer, 2007) and robumeta (Fisher et al., 2017) packages
for R were used to analyse the data. An overall effect size for the line bisection
task was calculated by weighting the effect size of each dataset according to
the sample size using a random effects model. Heterogeneity was assessed
using the Q-statistic, I2, and R2 indices. I2 was interpreted as low at 25%, mod-
erate at 50%, and high at 75% (Higgins et al., 2003). Small study bias was
assessed using a funnel plot and an Egger’s t-test (Egger et al., 1997).

Meta-regression was used for continuous moderator variables (e.g., mean
age, percentage of male participants) using a random effects model

ASYMMETRIES OF BRAIN, BEHAVIOUR, AND COGNITION 55



Table 1. Characteristics of studies.

Study
Mean

age (yrs) Age range (yrs) N

Recruited as a
clinical control

group
Effect size
(Cohen’s d )

Moderator
analyses Additional information

1 Anelli et al. (2013) 12 12 14 N 0.024 A1, A2, A3, H,
S2

SEM converted to SD.

2 Asenova and
Andonova-
Tsvetanova
(2019)

6.08 5–7 88 N −0.071 A1, A2, A3, H,
HU, S1, S2

Means and SDs reported for 8 conditions (boys and
girls, left- and right-handers, using left and right
hand to bisect). d calculated separately for each and
then averaged.

3 Boles et al. (2009) 12.7 11–14 14 Y (ADHD) −0.357 A1, A2, A3, H -
4 Chokron and De

Agostini (1995)
8.55 3.1–4.6 & 8.1–8.8 120 N 0.616 A1, A2, A3, H,

S1, S2
Means and SDs reported for 8 conditions (boys and
girls, French and Israeli, age 4.5 and 8). d calculated
separately for each and then averaged.

5 Crollen et al. (2015) 10.6 7.7–13.6 15 Y (non-verbal
learning
disability)

−0.22 A1, A2, A3, H,
S2

Raw data obtained from authors.

6 De Agostini et al.
(1999)

5.6 5–6 60 N −0.339 A1, A2, A3, H,
HU, S1, S2

Means and SDs reported for 4 conditions (boys and
girls, using left and right hand to bisect). d calculated
separately for each and then averaged.

7 Dellatolas et al.
(1996)

- 4–5 & 10–11 107 N −0.368 A2, A3, H, HU,
S1, S2

Means and SDs reported for 16 conditions (boys and
girls, left- and right-handers, using left and right
hand to bisect, age 4-5 and 10-11). d calculated
separately for each and then averaged.

8 Dennis et al. (2005) 12.3 8–19 32 Y (spina bifida) 1.125 A1, A3, H Data extracted for horizontal lines. SEM converted to
SD.

9 Dobler et al. (2001) 6.92 6.5–7.5 25 N 0.149 A1, A2, H, HU,
S2

Exp 1. Means and SDs reported for left and right hand
used to bisect. d calculated separately then
averaged.

10 Dobler et al. (2001) 6.92 6.5–7.5 38 N −0.265 A1, A2, H, HU,
S2

Exp 2. Means and SDs reported for left and right hand
used to bisect. d calculated separately then
averaged.

11 Failla et al. (2003) 8.58 5–7 & 10–12 53 N −0.647 A1, A2, A3, H,
HU, S2

Means and SDs reported for young and younger
groups. d calculated separately then averaged.
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12 George et al. (2005) 9.08 “school age” 126 Y (ADHD) −1.09 A1, A2, S2 -
13 Girelli et al. (2017) 7.2 3.2–4.1, 5.2–5.8 &

8.1–9.2
32 N −0.47 A1, A2, A3, H Only the t-values from the 5- and 8-year-olds were

reported.
14 Göksun et al. (2013) 10.1 7–9 & 10–12 53 N −0.699 A1, A2, A3, S2 -
15 Hausmann et al.

(2003)
12.5 10–12 & 13–15 46 N −0.24 A1, A2, A3, H,

HU
Means and SDs reported for left and right hand used to
bisect and age 10-12 and 13-15. d calculated
separately then averaged. Standard errors converted
to SD.

16 Ickx et al. (2017) 10.92 5–6 & 7–16 148 N −0.359 A1, A2, A3, H Children were aged up to 19 years so a mean for those
aged ≤16 was calculated from the raw data.

17 Manly et al. (2005) 8.96 6–11 126 N −1.088 A1, A2, H, S2 t-statistic vs 0 reported and used to calculate d.
18 Michel et al. (2011) 12.9 No range reported

but SD of the mean
age = 1.52 years

10 Y (dyslexia) −0.827 A1, A2, H Data extracted for the no cue condition.

19 Ninaus et al. (2017) 9.08 8.5–9.7 24 N 0.514 A1, A2, A3, H -
20 Patro et al. (2018) 5.9 5.1–6.9 29 N −1.116 A1, A2, A3, S2 Only the exact t-value from the older children group

(5- & 6-year-olds) was reported in paper for
horizontal lines.

21 Polikoff et al. (1995) 12.3 10–17 53 N 0.089 A1, A3, H, S2 t-statistic vs 0 reported and used to calculate d.
22 Pulsipher et al.

(2009)
13.1 8–9, 10–12 & 13–15 46 Y (epilepsy) −0.083 A1, A2, A3, H,

HU, S2
Children were controls from a different study on
epilepsy (but no patients were tested here). Means
and SDs reported for 6 conditions (boys and girls, left
and right hand used to bisect and age 8-9, 10-12 and
13-15). SEM converted to SD. d calculated separately
across conditions then averaged.

23 Richter et al. (2005) 14.4 8–19 27 Y (cerebellar
lesions)

0.233 A1, A3, H, S2 -

24 Roeltgen and
Roeltgen (1989)

- 2–6 60 N 0.012 A2, A3, H, HU Means and SDs reported for 16 conditions (left and
right hemispace, left and right hand used to bisect,
and ages 2-3, 3-4, 4-5, and 5-6). d calculated
separately then averaged.

25 Rolfe et al. (2006) 8.86 7–12 15 Y (ADHD) 0.14 A1, A2, A3, H,
HU, S2

Means and SDs reported for left and right hand used to
bisect. d calculated separately then averaged.

(Continued )
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Table 1. Continued.

Study
Mean

age (yrs) Age range (yrs) N

Recruited as a
clinical control

group
Effect size
(Cohen’s d )

Moderator
analyses Additional information

26 Rolfe et al. (2008) 9.36 5.5–11.7 15 Y (ADHD) 0.809 A1, A2, H, HU Data only available for paper and pencil using right
hand and computerized using left hand. d calculated
separately then averaged.

27 Sheppard et al.
(1999)

10.5 9–12 12 Y (ADHD) −0.53 A1, A2, A3, H,
S2

Control group 1. t-statistic vs 0 reported for the blank
background condition.

28 Sheppard et al.
(1999)

10.75 8–12 8 Y (ADHD) −0.83 A1, A2, A3, H,
S2

Control group 2. t-statistic vs 0 reported for all 3
backgrounds combined (blank, slow and fast moving
dots).

29 Sheppard et al.
(2002)

12.08 7.6–14.8 9 Y (Tourette’s) −0.17 A1, A2, A3, H t-statistic vs 0 reported and used to calculate d.

30 Sireteanu et al.
(2005)

- 8–12 10 Y (dyslexia) 1.00 A2, A3, H, S2 -

31 van Vugt et al.
(2000)

9.6 7–12 650 N 0.032 A1, A2, A3, H,
HU, S1

Means and SDs calculated for girls and boys then
averaged.

32 Vollebregt et al.
(2016)

8.46 7–10 9 Y (ADHD) 1.039 A1, A2, A3, H,
S2

-

33 Waldie and
Hausmann (2010)

9.78 ≥8 27 Y (ADHD &
dyslexia)

−0.45 A1, A2, A3, H,
HU, S2

Free viewing condition extracted. Standard errors
converted to SDs.

A1 = Age (mean), A2 = Age (All children aged ≤16 years old subgroup), A3 = Age (<7 and >7-year-old subgroups), ADHD = attention deficit hyperactivity disorder, H = Hand pre-
ference (percentage right-handed), HU = Hand used to bisect, S1 = Sex (separate data for males and females), S2 = Sex (Percentage male), SD = standard deviation, SEM = stan-
dard error of the mean.
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(restricted maximum-likelihood estimator). A non-linear cubic polynomial
model was also used to assess whether a more complex relationship
existed between mean age and spatial bias. The effect sizes of each level of
the categorical variables (e.g., age subgroups, sex, hand preference, hand
used to bisect) were compared using a random effects model. Q-statistics
and p-values were used to interpret the statistical outputs. Finally, forest
plots were used to visualize the effect sizes across datasets.

Results

Overall estimates

A total of 33 datasets from 31 studies were included in the meta-analysis of
the line bisection task, totalling n = 2101 children (Figure 2). A random
effects model indicated an overall weighted estimated effect size of
Cohen’s d = -.16, 95% CI = -.35, .03, with no evidence of a bias to either
side of space, Z =−1.62, p = .1. The Egger’s t-test and visual inspection of
the funnel plot did not indicate the presence of small study bias, t (31)
= -.13, p = .9 (Figure 3).

Analysis of moderator variables

Due to the high levels of heterogeneity in the random effects models, we
assessed the potential influence of the following moderator variables for

Figure 2. Mean effect size (Cohen’s d ) and 95% confidence intervals for the 33 datasets
included in the meta-analysis.
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the line bisection task: age (mean age, <7 vs >7 year olds, and studies where
all participants were aged <16), sex (sex subgroups and percentage male),
hand preference (right vs. left and percentage right-handed), the hand
used to bisect the line, and the control group status of the participants.

1a) Mean age: The mean age across all datasets was 9.8 years old (range =
5.6-14.4). Meta-regression of the mean age identified no linear effect, Q
(1) = .22, p = .64, R2 = 0%, and no non-linear effect, Q (3) = 1.08, p = .78,
R2 = 0%, of age on spatial bias.

1b) Age subgroups: A random effects model was applied to a subset of 30
studies that had reported the upper bound of the age range to be a
maximum of 16 years old (i.e., this excluded the 3 studies that had
included some adolescents aged >16). This identified a small bias to
the left side of space, d =−.23, 95% CI =−.42, −.04, p = .02. There was
no difference in spatial bias when comparing the 9 studies in which all
of the children were aged under 7 years old to the 23 studies in which
all of the children were aged over 7 years old, Q (1) = .6, p = .44, R2 =
0%. The younger children had a bias of d =−.21, 95% CI =−.48, .07, p
= .14, and the older children a bias of d =−.06, 95% CI =−.29, .17, p = .62.

2a) Sex: No effect of sex was identified in the 5 studies that reported separate
data for girls and boys, d = .04, 95% CI =−.32, .6, p = .56. Specifically, the

Figure 3. Funnel plot of standard errors by standard difference in means.
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effect size was found to be d =−.008, 95% CI =−.29, .3, p = .96 for boys
and d = .14, 95% CI =−.22, .5, p = .44 for girls.

2b) Percentage male: Meta-regression of the percentage of male partici-
pants (23 datasets) identified a small effect of sex on spatial bias, Q (1)
= 4.65, p = .031, R2 = 18.97%. A follow-up Pearson’s correlation between
the effect size and percentage of male participants identified a small cor-
relation of r =−.41, 95% CI =−.7, −.0005, p = .05, where spatial bias gen-
erally became more leftward when there were more male participants in
the study.

3a) Hand preference: There was no evidence of a moderating effect of hand
preference in the 3 studies that reported separate data for left- and right-
handed children, Q (1) = .92, p = .34, R2 = 0%.

3b) Percentage right-handed: Meta-regression of the percentage of right-
handed participants (30 datasets) identified no effect of hand
preference on spatial bias, Q (1) = .92, p = .34, R2 = 0%.

4) Hand used to bisect: There was a strong effect of the hand that was used
to bisect the line, in the 12 datasets (from 11 studies) that reported sep-
arate data for bisections performed using the left and the right hand, Q
(1) = 23.1, p < .0001, R2 = 55.96% (Figure 4). Specifically, there was a left-
ward bias when children used their left hand to bisect, d =−.51, 95% CI
= -.74, −.28, p < .0001, and a rightward bias when they used their right
hand, d = .17, 95% CI = .037, .31, p = .013 Figure 5.

5) Control group status: There was no evidence of a moderating effect of
control group status on spatial bias, Q (1) = .98, p = .32, R2 = 0%.

Figure 4. Overall spatial bias reported in each study, as a function of the mean age.
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Specifically, there was a small leftward bias in the 18 studies where par-
ticipants had been recruited as a stand-alone group of children, d =−.24,
95% CI =−.45, −.02, p = .03 and no bias in the 15 studies where children
had been recruited as controls for a clinical or atypically developing
group, d =−.03, 95% CI =−.4, .34, p = .88, however, the two groups
were not statistically different to one another.

Comparison of children and older adults

The effect size obtained in children aged ≤16 was compared to the effect
size obtained in older adults aged ≥50 for the line bisection task (from
Learmonth & Papadatou-Pastou, 2021, data available at https://osf.io/
d97qc/). No evidence of a difference between the two age groups was
found, either when comparing children to all 63 older adult studies
where the mean age of participants was ≥50 (Q (1) = 1.43, p = .23), or the
subset of 34 studies where all individual participants were aged ≥50 (Q
(1) = .003, p = .98).

Discussion

We performed a meta-analysis of lateralized spatial biases in typically devel-
oping children and adolescents, with a mean age of ≤16 years old, as
measured by the line bisection task. The influence of age, sex, hand prefer-
ence, the hand that was used to bisect the line, and the control group
status of the participants were assessed as potential moderator variables. A
total of 33 datasets from 31 studies, involving 2101 children, were included.
Based on numerous reports of a leftward pseudoneglect bias in the adult

Figure 5. Mean effect size (Cohen’s d ) and 95% confidence intervals for the 12 datasets
included in the moderator analysis of line bisection using the left and the right hands.
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population (see the meta-analysis of Jewell & McCourt, 2000) and Learmonth
and Papadatou-Pastou’s (2021) recent finding of a maintained leftward bias in
older adults aged ≥50 when tested using the line bisection task, we also
expected to observe a leftward bias in children.

Overall, we identified no evidence of bias to either side of space in chil-
dren, however, there was a small leftward bias in the subset of 30 studies
where all the children who had been tested were known to be aged ≤16.
We found no difference between younger children (aged under 7 years
old) and older children (aged over 7 years old) to indicate that spatial
biases are substantially different between younger and older children.
When compared to our meta-analysis in older adults (Learmonth & Papada-
tou-Pastou, 2021), the line bisection bias that we observed in children was
not different to the small leftward bias that we had previously observed in
our older adults aged ≥50.

The most striking finding from the analysis of moderator variables was the
identification of symmetrical neglect (Bradshaw et al., 1987), whereby bisec-
tion biases were dependent on the hand that the children used to bisect
the line. From the 12 studies that reported separate data for bisections per-
formed using the left and the right hand, there was a clear rightward bias
when the right hand was used (d = .17, 95% CI = .037, .31) and a clear leftward
bias when the left hand was used (d =−.51, 95% CI =−.74, −.28). The meta-
analysis of pseudoneglect in the general (predominately adult) population by
Jewell and McCourt (2000) concluded that visuospatial biases were enhanced
leftward when bisections were actioned by the left hand, but right-handed
bisections were not found to produce clear rightward bisections that
crossed the midline (this was not tested within the Learmonth and Papada-
tou-Pastou (2021) meta-analysis due to lack of sufficient data). We also did
not obtain enough data to investigate further interactions of this effect, for
example to identify whether symmetrical neglect is more prevalent in left-
or right-handed children (Bradshaw et al., 1987; Dellatolas et al., 1996).

The comparison of left- and right-handed children did not identify any
differences in spatial bias based on hand preference, however only 4
studies reported sufficient data for this analysis (again, this was also not
tested in Learmonth and Papadatou-Pastou, 2021, due to insufficient data).
In the meta-analysis of Jewell and McCourt (2000), both left- and right-
handers produced leftward biases, although biases were marginally more
leftward in right-handers. Given the large effect of the hand used to bisect
the line on spatial biases in children, our preliminary data indicates that
hand preference and symmetrical neglect may be independent phenomena
(the latter broadly disappearing by adulthood and the former remaining
stable). However, these results should be interpreted with caution given
the small number of studies included in the hand preference analysis.
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In terms of a sex difference, we identified no effect of sexwhen girls and boys
were directly compared to each other, but therewas a small increase in leftward
bias in studies that included a higher percentage of boys. Jewell and McCourt
(2000) also identified a small increase in leftward bias in males, but Learmonth
and Papadatou-Pastou (2021) did not identify the same effect in older adults.

One additional question that we aimed to address in this meta-analysis
was: Do spatial biases change between younger and older childhood?
Lateral visuospatial biases are likely to arise from the integration of percep-
tual and motor activity across the left and right cerebral hemispheres, with
the right hemisphere eventually becoming dominant for visuospatial atten-
tion relative to the left. The development of the corpus callosum throughout
childhood had been believed to be a driving force behind the emergence of
spatial biases during this time (Hausmann et al., 2003; Roeltgen & Roeltgen,
1989; but see Pulsipher et al., 2009). On the contrary, our results showed
no evidence that biases change linearly or non-linearly (using a cubic poly-
nomial model) during childhood when the mean age of the participants
was entered as a moderator variable. We also performed a secondary analysis
to directly compare biases in 9 studies where the children were aged under 7
years old, to 23 studies where the children were aged over 7 years old. Again,
we found no evidence of a difference in bias between these two age groups.
Due to lack of available data, this meta-analysis may have failed to capture
more subtle bias changes at different ages during childhood. For example,
Hausmann et al. (2003) reported different line bisection biases in children
aged 10-12 and 13-15, and both Girelli et al. (2017) and Patro et al. (2018)
found no bias in 3-4-year-olds but leftward biases in 5-6-year-olds. We
found that there was not enough data reported for us to analyse such sub-
groups of different ages independently here (the majority of studies reported
a single mean bias for all of their participants at the group level, together with
the mean age of their participants), so it remains possible that a significant
shift in spatial bias does occur within very early childhood that we were
unable to capture with our methodology.

We were also unable to directly compare moderator variables across differ-
ently aged groups of children with any finer detail, such as the hand used to
bisect the line. For example, the 10-12-year-olds in Hausmann et al. (2003)
had symmetrical neglect when bisecting using their left and right hands,
but the 13-15-year-olds had an “adult-like” leftward bias for both bisection
conditions. Moving forward, we would encourage researchers to provide indi-
vidual participant data for children at each year of age so that a more accu-
rate picture of developmental trajectories in early childhood can be identified
in future studies. In line with this suggestion, we further recommend that
further experiments are performed to examine the influence of moderator
variables on pseudoneglect throughout the lifespan. In terms of hand prefer-
ence, we suggest that both hand preference and hand skill are assessed and

64 D. KAUL ET AL.



reported, as they represent different manifestations of hand preference. It
would also now be prudent to perform an updated meta-analysis on
healthy adults aged 16-50 to identify whether there are subtle changes in
the magnitude of spatial biases in the intervening years between childhood
and older adulthood.

The method of quantifying pseudoneglect in this age group is also an
important consideration for researchers, as the task that was selected may
have influenced the biases observed. This issue is not only pertinent to chil-
dren; in adults, there is poor consistency of the direction and magnitude of
biases obtained using different tasks (Learmonth et al., 2015; Luh et
al., 1991; Märker et al., 2019; Mitchell et al., 2020; Nicholls et al., 1999). It is
possible that children are less precise in their hand-eye coordination and
motor movements when manually bisecting a line and that the line bisection
task may underestimate the extent of visuospatial biases in this group. The
reduced motor demands of the landmark task may prove to be more suitable
for this age group in future research (e.g., Hoyos et al., 2020).

This meta-analysis may have been limited by several other factors. Firstly,
the analysis of the mean age of all children per study is a “broad brush”
approach to assessing spatial biases in children and may give rise to poor
representativeness of the mean biases with respect to the individual children
who were tested. For example, a study that tested children aged 5-15 years
old, with a mean age of 10, may have included few, if any, 10-year-old chil-
dren. Second, there was not enough information available to investigate
whether the influence of reading direction is important for the development
of spatial biases in childhood (as per Chokron & De Agostini, 1995). In general,
meta-analysis has low power when it comes to detecting moderating variable
effects, as it is a function of the number of included studies mirroring power
in primary studies as a function of their sample size. The fact that not all
included studies reported the moderating variables under investigation,
further hindered the power of our moderating variables analysis. Moreover,
we did not evaluate the moderating effects of the length of the lines, the
modality of presentation (i.e., paper and pencil vs. computerized), the pres-
ence of left or right lateralized cues, and the spatial location of the line,
because not enough studies reported these variables. We suggest that
researchers measure and report these variables in the future and that they
further break down their findings by sex and hand preference. Ideally, raw
data should be provided in open-access repositories, such as the Open
Science Framework (osf.io).

Conclusion

In conclusion, we identified no overall line bisection bias in children, but there
was a small leftward bias in a subgroup of 30 studies where all the children
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were known to be aged ≤16 years old. There was no evidence that biases
differed between younger children aged ≤7 and older children aged ≥7
years old. There was strong evidence of symmetrical neglect, where right-
handed bisections resulted in a rightward bias, and left-handed bisections
in a leftward bias. Biases were marginally more leftward in studies that
included a higher percentage of male children. No linear effect of age or
hand preference was found, nor an effect of the control group status of par-
ticipants, and there was no evidence of small study bias in the wider litera-
ture. Taken together with our meta-analysis in older adults (Learmonth &
Papadatou-Pastou, 2021) and the meta-analysis of Jewell and McCourt
(2000), we conclude that pseudoneglect is likely to be present in childhood
(although its manifestation is dependent on specific task demands and
characteristics of the individual) and is likely to remain present at the
group level throughout the lifespan.
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