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Abstract

Background The interhemispheric transfer deficit theory proposes that individuals with dyslexia have impaired
interhemispheric transfer, particularly affecting the integration of visual information from the left and right visual
fields. This study aimed to evaluate this hypothesis by examining interhemispheric transfer in dyslexia using visual
half-field tasks targeting both linguistic and visuospatial processing.

Methods \We examined interhemispheric transfer in dyslexia using two visual half-field tasks: a lexical decision task
to assess written word processing, and a symmetry decision task to examine visuospatial processing. We compared
reaction times and accuracy in 90 Dutch-speaking participants (45 with dyslexia, 45 controls) across left, right, and
bilateral stimulus presentations.

Results While both tasks successfully captured expected visual half-field differences in the control group, favoring
the right visual field in the lexical decision task and the left visual field in the symmetry detection task, we did

not observe that the dyslexia group showed increased differences between the two fields, as predicted by the
interhemispheric transfer deficit theory. Furthermore, the dyslexia group benefited just as much as controls from
stimuli presented simultaneously to both visual fields. Thus, no evidence of interhemispheric transfer deficits related
to dyslexia was found in either task.

Conclusions These findings challenge the broad applicability of the interhemispheric transfer deficit theory in
dyslexia, suggesting that such impairments may be task-dependent rather than domain-general. Future studies
should further explore the conditions under which interhemispheric transfer deficits might occur in dyslexia.
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Introduction

Dyslexia, also referred to as developmental dyslexia, is a
common neurodevelopmental learning disorder char-
acterized by persistent reading and spelling difficulties,
despite otherwise normal development [40]. These read-
ing problems manifest as difficulties with identifying
written words and with fluent reading [38] and deficits
in phonological awareness [10]. Dyslexia is a multifac-
eted disorder that presents with varying symptom sever-
ity and often co-occurs with other learning disorders
[43]. Multiple theories have been developed to under-
stand its underlying etiology, but the exact causes remain
unknown. There is, however, consensus that dyslexia
entails a combination of neurobiological, genetic, and
environmental factors [27].

One neurobiological theory that has gained some sup-
port is the interhemispheric transfer deficit theory, which
proposes that the reading difficulties observed in indi-
viduals with dyslexia may be attributed to an impaired
interhemispheric information transfer between the two
hemispheres through the corpus callosum [2, 46]. This
stems from the assumption that written-word processing
is predominantly performed by inferior frontal and pos-
terior temporal regions in the left hemisphere, and that
visual information arriving in both hemispheres must
be integrated in these areas to facilitate reading [26]. A
defect in the corpus callosum would disrupt this pro-
cess by impairing the efficient transfer of information
between the brain’s two hemispheres [25]. This disrup-
tion would not only affect reading-related processes, but
would also impact visuospatial processing, which instead,
is processed in the right hemisphere and also requires
integration of visual information from both hemispheres
[2, 9, 64]. Supporting the role of interhemispheric trans-
fer in visuospatial processing, Badzakova-Trajkov et al.
[2] examined children with dyslexia using a simple reac-
tion time task to visual stimuli presented to the left,
right, or both visual fields. They found that the dyslexia
group showed enhanced redundancy gain when respond-
ing with the left hand, suggesting atypical corpus callo-
sum function and asymmetrical hemispheric transfer.
Although other studies report conflicting results on the
relationship between dyslexia and impaired visuospatial
ability, a meta-analysis suggests that dyslexic groups typi-
cally score worse on visuospatial tasks [13].

Neuroanatomical studies showing structural abnor-
malities in the posterior parts of the corpus callosum in
individuals with dyslexia [21, 55] suggest some validity
for the interhemispheric transfer deficit theory. How-
ever, no study has directly linked structural differences in
the corpus callosum to impairments in interhemispheric
transfer in dyslexia. Some behavioral studies have exam-
ined interhemispheric transfer in dyslexia, but reported
inconsistent findings for both language (in adults: [7, 30],
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and in children: [8]) and visuospatial tasks (in adults: [63],
and in children: [18, 22]). For example, Henderson et al.
[30] and Bradshaw et al. [7] both used the visual half-field
technique to examine interhemispheric transfer in adults
with dyslexia. Because information from the right visual
field (RVF) projects to the left visual cortex and informa-
tion from the left visual field (LVF) projects to the right
visual cortex, words perceived in the LVF must be trans-
ferred to the left hemisphere, where word-level process-
ing primarily occurs [26]. This transfer, which occurs via
the corpus callosum, is theorized to cause a delay [59]
that can be observed in behavioral data [29, 33]. Conse-
quently, the visual half-field (VHF) method can serve as a
behavioral indicator of which hemisphere primarily pro-
cesses different categories of visual information, as well
as a tool to examine transfer time between the two hemi-
spheres. For example, when written words are briefly pre-
sented in the RVE, participants typically require less time
to report them compared to when words are presented in
the LVF [45]. This difference is due to the dominant role
of the left hemisphere in language processing, a phenom-
enon known as the right visual field advantage in word
processing [4, 6, 29]. On the other hand, visual half-field
tasks typically show a left visual field advantage in visuo-
spatial tasks, such as symmetry detection, due to the
right hemisphere’s dominance in visuospatial processing
(33, 64].

In addition, presenting stimuli bilaterally can further
improve performance in VHF tasks, a phenomenon
known as a ‘redundant bilateral advantage’ (RBA; [29]).
Seeing a word in both visual fields can result in faster
reaction times compared to when it is presented in only
one field [41]. Although the preferred visual field typically
allows quicker processing in unilateral presentations,
presenting stimuli in both fields is thought to accelerate
processing even further by incorporating information
from the non-preferred field [41]. While not all studies
support this effect [19, 36], the absence of a RBA in split-
brain patients, whose commissural pathways are surgi-
cally severed, is at least suggestive that interhemispheric
communication from the non-preferred field is key for
this advantage [42].

To examine the interhemispheric transfer deficit theory
in dyslexia, Henderson et al. [30] and Bradshaw et al. [7]
used VHF tasks in which adults (aged 18—46) were asked
to perform a word reproduction task, by typing words
presented to the LVE, the RVE, or bilaterally (shown in
both fields). Both studies found that individuals with
dyslexia performed significantly worse when words were
presented in the LVF compared to non-reading-impaired
controls. This LVF-specific difference in processing time
also resulted in a greater disparity in accuracy scores
between the RVF and the LVE. This finding aligns with
the interhemispheric transfer deficit theory, suggesting
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that impaired processing of words in the LVF results
from difficulties in transferring visual information from
the right hemisphere. In addition, Henderson et al. [30]
did not find an RBA in word processing in their dyslexia
group, attributing this to delayed transfer from the LVF
(right hemisphere) to the left hemisphere, which pre-
vented right-hemisphere facilitation. However, Bradshaw
et al. [7] found that the dyslexia group had a RBA that
was comparable to the control group, failing to replicate
the lack of an RBA in dyslexia. Nevertheless, Bradshaw
et al’s [7] findings remain consistent with the interhemi-
spheric transfer deficit theory, as the authors suggest that
the poorly transferred information from the LVF may
still facilitate processing in the left hemisphere to some
extent.

While both Henderson et al. [30] and Bradshaw et al.
[7] provide behavioral evidence supporting the inter-
hemispheric transfer deficit theory in dyslexia, several
key aspects remain unexplored in the literature. First, the
authors measured only accuracy, as their typing task did
not assess reaction time. However, since the interhemi-
spheric transfer deficit theory concerns processing speed,
reaction times would provide a more informative mea-
sure. Second, by focusing exclusively on verbal tasks, both
studies were unable to determine whether interhemi-
spheric transfer deficits in dyslexia extend beyond the
verbal domain to visuospatial processing, as suggested
by Badzakova-Trajkov et al. [2]. Addressing these key
aspects would improve our understanding of the validity
and scope of the interhemispheric transfer deficit theory
in dyslexia. Thus, the current study aimed to extend the
findings of Henderson et al. [30] and Bradshaw et al. [7].
First, by using an alternative lexical decision VHF task,
which allowed for the measurement of both accuracy
and reaction times, to study the interhemispheric trans-
fer in relation to processing speed. Second, by incorpo-
rating a second, non-verbal symmetry decision VHF task
to examine whether interhemispheric transfer deficits in
dyslexia extend to visuospatial processing.

Various tasks for studying lexical and symmetry pro-
cessing are used in the literature. Lexical processing can
be examined through word naming, same—different word
matching, or the more widely-used word—nonword lexi-
cal decision task [3, 14, 15]. Lexical decision tasks can
also differ in whether words are compared to pronounce-
able pseudowords or unpronounceable nonwords [28].

Table 1 Participant demographics for the dyslexia and control
groups
Demographics

Participant group
Dyslexia (n=45)

Control (n=45)

Mean age (SD) 2231 (5.13) 21.78 (5.04)
Mean years in education (SD) 1344 (191) 13.62(1.97)
Females (%) 28 (62.2%) 28 (62.2%)
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Because these tasks require written word recognition and
individuals with dyslexia experience difficulties with pro-
cessing written words [38], lexical decision tasks are par-
ticularly suitable for studying group differences between
individuals with dyslexia and control participants [1, 39].
Likewise, symmetry perception tasks vary in the litera-
ture, including vertical, horizontal, or diagonal symmetry
decisions and same-different judgments [65, 66]. These
tasks require visuospatial processing, which is sometimes
also considered to be impaired in individuals with dys-
lexia [13]. In the current study, we used a word—nonword
lexical decision task and a vertical symmetry decision
task, as these tasks are well-established in the visual half-
field literature for capturing lateral asymmetries [31, 64].

The current study had three hypotheses. First (H1), we
expected that the difference between the RVF and the
LVF would be larger in the dyslexia group than in the
control group for both VHF tasks, in both accuracy and
reaction time, due to increased transfer time for stimuli
presented to the non-dominant hemisphere. Secondly
(H2), we predicted that the RBA would be reduced in the
dyslexia group relative to controls for both accuracy and
reaction times across both VHF tasks. Additionally (H3),
we predicted that greater transfer delays would be related
to dyslexia symptom severity, as measured by reading and
spelling efficiency tests. Hypotheses 1 and 2 represent the
primary predictions of the study, while hypothesis 3 is a
secondary prediction.

Method

Participants

A total of 90 individuals took part in this study: 45 adults
with a dyslexia diagnosis and 45 individuals without any
diagnosis of language or reading impairment as controls.
Participants were recruited through social media, word
of mouth, and a student participation platform. Addi-
tional inclusion criteria were Dutch as a first language,
age between 18 and 40 years, and right-handedness. All
participants had normal or corrected-to-normal vision
and no history of brain injury or neurological disease. It
was confirmed that all individuals in the dyslexia group
had an official diagnosis of dyslexia from a trained profes-
sional. For students, each completed grade was counted
as one year of formal education. For the other adults,
years of formal education were summed based on com-
pleted primary, secondary, and higher education. The two
groups did not differ significantly in age, £(87.97) =0.50,
p=0.620, nor in number of years of formal education,
£(87.92) = -0.43, p = 0.665, and were perfectly matched for
sex (see Table 1). The number of participants was based
on the power analysis by Bradshaw et al. [7], who recom-
mended a minimum of 30 participants per group, based
on the data of Henderson et al. [30]. All participants
were compensated; students received course credit for



Meijer et al. Journal of Neurodevelopmental Disorders

their participation, while all other participants received
monetary compensation. The study was approved by the
Medical Ethics Committee of Ghent University Hospital
(approval number BC-09822).

Materials and procedures

Visual half-field tasks

Two VHEF tasks were used in this study: a lexical decision
task and a symmetry decision task. During the lexical
decision task, participants had to decide whether a string
of letters formed a word or not. During the symmetry
decision task, they were instructed to decide whether
each figure presented was symmetrical or not. Both tasks
followed identical procedures (but used different stimu-
lus types) and were designed according to the guidelines
provided by Hunter and Brysbaert [31] for creating reli-
able behavioral VHF tasks. During the tasks, stimuli were
presented to the left visual field (LVF), the right visual
field (RVF), or to both visual fields simultaneously.

The stimuli of the lexical decision task consisted of 80
five-letter words and 80 five-letter non-words, selected
from the Dutch Lexicon Project 2 [11] and the Dutch
Lexicon Project [35], respectively. For the word-items,
only nouns that were correctly identified on 100% of tri-
als in a previous study [11] were selected to ensure high
familiarity and minimize ambiguity. The non-words
all had an accuracy rate ranging from 95 to 96% [35].
The stimuli were presented in the font ‘Fixedsys, which
ensured each word always had the identical length of
2.8 cm. The font size was set to 0.85 cm.
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For the symmetry decision task, the stimuli consisted
of 60 symmetrical and 60 asymmetrical figures (see Fig. 1
for an example), designed based on the study by Verma et
al. [64]. The stimuli had a width of 2-3 c¢cm and a height
of 1.5-2 c¢cm. Some figures were repeated to achieve 80
trials with symmetrical and asymmetrical figures per
condition.

For both tasks, the stimuli appeared 1.5 cm from the
fixation cross to ensure that the stimuli were presented
in the parafoveal visual field, defined as approximately 4
degrees of visual angle from the fixation point [56]. The
stimuli were presented in black on a light grey back-
ground. The 160 stimuli of each task were each presented
once in the LVE, once in the RVE, and once bilaterally,
resulting in 480 trials per task. The trials were presented
in a random order.

Both VHF tasks were run in Psychopy2 [48]. Par-
ticipants were positioned 60 cm from a 15-inch laptop
screen. At the start of each trial, a fixation cross was
presented in the centre of the screen. A stimulus would
appear after 500 ms and would be visible for 200 ms,
after which a mask (‘##### for the lexical decision task
and crosshatching lines of 2.5 cmx2 cm for the sym-
metry decision task; see Fig. 1b and d) was presented for
200 ms to avoid an afterglow. For unilateral presenta-
tion trials, a placeholder was shown on the other side for
a balanced visual presentation, in the form of XXXXX’
for the lexical decision task and a circle with a diameter
of 2 cm for the symmetry decision task (see Fig. 1a and
¢). The participants had to place their index and middle
fingers of both hands on marked keys on a free-standing

radio + XXXXX

HAHIH + HHHHHR

= O

SR IS

Fig. 1 Examples of the stimuli and masks used in the two visual half-field tasks. Note: Examples of the stimulus dispay of a a LVF trial for the lexical deci-
sion task and ¢ the symmetry decision task with stimuli on the left and placeholder on the right, and b the mask of the lexical decision task and d the

mask of the symmetry decision task
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keyboard (‘] and ‘F’ for the index finger, and ‘E’ and ‘T’ for
the middle finger). To respond, they were instructed to
press both index fingers when they saw an existing word
or a symmetric figure, or both middle fingers if they saw
a non-word or a non-symmetric figure. Participants
were instructed always to use both hands to answer, as
response accuracy and reaction times can be influenced
by the (in)congruence between stimulus location and
responding hand [58]. An experimenter was present
during the task to ensure participants used both hands
to answer and to remind them of this rule if necessary.
The experiment was self-paced, but participants were
instructed to respond as quickly and accurately as pos-
sible. The subsequent trial started after a response was
recorded. Participants were asked to focus on a fixation
cross in the middle of the screen throughout the trial to
maintain attention on the center of the screen and avoid
eye movements towards the stimuli.

Both tasks began with 20 practice items, which were
randomly selected from the 480 trials. After the prac-
tice trials, participants received feedback in the form of
a score of 20. The experiment itself consisted of 4 blocks
of 120 trials per task. Participants could take a self-paced
break between blocks by pressing the spacebar to resume
the task. All participants started with the lexical decision
task, followed by the symmetry decision task. Partici-
pants completed both VHF tasks in about 30 min.

Reading and spelling tests

After the VHF tasks, a battery of reading and spelling
tests was also administered to assess the participants’
language skills. The tests were selected based on Tops
et al. [61], who identified Dutch word reading, Dutch
word spelling, and phonological awareness as the most
important predictors of dyslexia in higher education in
Flanders. The administration of these tests took approxi-
mately 30 min.

Spelling Spelling was assessed using a subtest of the
advanced reading and spelling test, the GL&SCHR (Test
voor Gevorderd Lezen & Schrijven [Test for Advanced
Reading and Writing]; [20]). This subtest consists of 30
Dutch words that do not follow standard Dutch spelling
rules, presented via an audio recording read at a rate of
one word every 2 s. Participants were required to write
down each word with the correct spelling. After the pre-
sentation, participants had the opportunity to complete
any missed words and correct possible mistakes. Follow-
ing this, participants indicated whether they were ‘unsure,
‘almost sure; or ‘very sure’ about the correctness of their
spelling of each word. These confidence ratings were then
combined with spelling accuracy to produce a weighted
score for word spelling. The weighted score ranges from 0
to 150, with higher scores indicating better performance.
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According to Tops et al. [61], the weighted score has
an effect size (d) of 2.28 in distinguishing between stu-
dents with and without dyslexia, which is larger than the
effect size of the number of correctly written words alone
(d=2.05).

Phonological awareness Another subtest of the
GL&SCHR [20] was used to measure phonological aware-
ness. This subtest was a spoonerism task, in which par-
ticipants had to switch the first phoneme of two spoken
words (e.g., ‘Harry Potter’ becomes ‘Parry Hotter’). The
words were presented via an audio recording, and par-
ticipants responded orally with the two words containing
the reversed first letters. The task consisted of six practice
items and 20 test items. The total time taken to complete
the test items was recorded, as recommended by Tops et
al. [61], who suggest time over accuracy as the primary
measure. The time score of the spoonerism task has an
effect size (d) of 1.42 in distinguishing individuals with
dyslexia from those without [61].

Reading To assess word reading speed, the LEMs or
Leestest 1-minuut studenten (Word Reading Test for
students; [62]) was used. This test consists of a list of 132
Dutch words, and participants were instructed to cor-
rectly read aloud as many words as possible in 1 min.
The words are arranged in increasing difficulty, as they
become progressively less frequent. Scores for this test
range from O (no words read correctly in one minute) to
132 (all words read correctly in one minute). This score
has an effect size of 4=1.97 in distinguishing individuals
with dyslexia from those without [61]. Inter-rater reliabil-
ity for the reading test was ensured through a calibration
session, during which experimenters agreed on the crite-
ria for correct pronunciation.

Analyses

All analyses were conducted in R (version 4.3.1; [51]),
and figures were generated using the ggplot2 [67] and
yarrr [49] packages. The accuracy scores and reaction
times to words and symmetrical figures were analyzed,
as this study focuses on word and symmetry detection
and hemispheric processing differences related to these
two specific categories. Including scores to non-words or
non-symmetric stimuli could introduce additional vari-
ability related to different task demands and additional
processing strategies, rather than reflecting the efficiency
of interhemispheric transfer during the tasks [37]. Prior
to statistical testing, outliers were removed based on indi-
vidual participants’ reaction times. Trials with reaction
times shorter than 250 ms were excluded, as these are
considered too brief to reflect decision-related responses
[5]. Additionally, trials with reaction times more than 2.5
standard deviations above or below a participant’s mean
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reaction time were excluded [52]. The average percentage
of outliers removed was 0.03%. For further analyses, only
reaction times from correct responses were included.
Accuracy rates were converted into percentage scores.

For all statistical tests, an alpha level of 0.05 was used.
Multiple comparisons were accounted for by Bonferroni-
corrected p-values. Normality assumptions were visu-
ally checked using the car package in R [23]. To test the
first hypothesis—that the difference between the two
visual fields was larger in the dyslexia group —difference
scores between the LVF and RVF were calculated for
each participant, using both accuracy percentage scores
and reaction time, respectively. As this was a directional
hypothesis expecting a larger difference in the dyslexia
group, one-tailed independent sample t-tests were used
to compare the difference scores between the groups.

To test the second hypothesis, which predicts reduced
RBA in the dyslexia group, an RBA score was first cal-
culated for each participant. The presence of the RBA
is reflected in higher accuracy for bilateral presentation
than for presentation to the preferred visual half-field.
The preferred visual field was determined using the dif-
ference scores described above. Based on the valence of
the differences, it was determined whether participants
showed a bias toward the RVF or the LVF (indicated
by greater accuracy or reduced reaction times in that
field). We used each individual’s preferred visual field to
account for individual differences in hemispheric domi-
nance. To calculate the RBA based on accuracy, the accu-
racy percentage scores for trials in the preferred visual
field were subtracted from the accuracy percentage
scores for bilaterally presented trials for each participant.
The RBA of reaction time was calculated in the same way
as for accuracy, but with reaction times for correct trials.
Again, one-sided independent-samples t-tests were used
to compare the calculated difference scores between the
two groups, as we had a directional hypothesis predict-
ing a reduced RBA in the dyslexia group. For all t-tests,
Cohen’s d and the 95% confidence intervals of the esti-
mated mean difference are reported.

To test the third hypothesis concerning the relation-
ship between impaired interhemispheric transfer in indi-
viduals with dyslexia and their performance on reading
and spelling tests, partial correlations were calculated
between the language test scores and the difference in
reaction times and accuracy between the RVF and the
LVF in the dyslexia group. These analyses controlled for
duration of education and sex, as duration of education
is related to language abilities [16], and because women
tend to score systematically higher on spelling and read-
ing tests [54]. In addition, correlations between the RBA
based on reaction times and accuracy, and the language
test performance were tested in the dyslexia group, again
controlling for education and sex. This was tested only
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Table 2 Means, standard deviations, and effect size (Cohen’s d)
of the language test scores

Language Test Mean (SD) Effect
Control Dyslexia Size
(d)
Spelling GL&SCHR 12138(12.23)  96.22(12.93) 2.00”
Phonological Awareness  103.73 (3159) 16449 (66.33)  —1.22""
(Spoonerisms)
LEMs (words/min) 105.69 (16.52)  73.63 (15.00) 203™

SD standard deviation, GL&SCHR Test voor Gevorderd Lezen & Schrijven [20],
LEMs Leestest 1-minuut studenten [62], Spoonerisms: lower score equals a
better performance

"=p<.01,"" =p<.001

Table 3 Difference scores (and SD) on the VHF tasks per group

Measure Task Group Difference VFs RBA
Accuracy (%) LDT Control 6.89 (11.78) 4.19 (4.85)
Dyslexia ~ 7.44(13.33) 6.44 (5.42)
SDT Control 269 (11.61) 8.17 (7.24)
Dyslexia ~ 4.28(9.73) 5.86 (6.39)
RT (ms) LDT Control 16.52 (45.62) 27.03 (27.46)
Dyslexia 4834 (117.30) 22.07 (58.58)
SOT Control 17.68 (39.13) 17.12 (26.61)
Dyslexia 2047 (57.85) 23.09 (46.22)

SD standard deviation, VHF visual half-field, LVF left visual field, RVF right visual
field, BVF bilateral visual field, RBA redundant bilateral advantage, RT reaction
time, LDT lexical decision task, SDT symmetry decision task, difference between
visual fields was calculated as RVF-LVF for the LDT, and as LVF-RVF for the SDT,
and all difference scores are summarized as absolute values

within the dyslexia group because the hypothesis spe-
cifically concerned this group, and including the control
group could have confounded the results due to differ-
ences in group-level performance.

Results

Language ability scores

Mean scores and standard deviations for the different
language tests are displayed in Table 2. Participants in the
control group showed superior performance on the test
of spelling, £(87.73) =9.48, p<0.001, phonological aware-
ness, £(58.26)=-5.78, p<0.001, and the LEMs reading
test, £(87.20) =9.64, p <0.001.

Visual half-field tasks

Difference between visual fields

Mean accuracy percentage scores and reaction times for
each visual half-field condition are summarized for each
group and task in Table 3 and Fig. 2. As shown in Supple-
mentary Figures S1 and S2, RVF-LVF difference scores
varied within the dyslexia group, with some individu-
als showing larger differences and others smaller ones.
Before testing the first hypothesis, we examined whether
the VHF tasks produced the expected visual field asym-
metries in the control group using one-tailed t-tests
that reflected the expected direction of the difference
between visual fields. The tests confirmed the expected
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Lexical decision task

Accuracy
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Fig. 2 Bar plots of the accuracy and reaction times of left and right visual field of both tasks per group. Note: Bar plots of the mean accuracy (in %) and
mean reaction times (in ms) per visual half-field condition per group, with 95% confidence intervals in black. Bars start at 50% accuracy and 500 ms reac-
tion time. ACC=accuracy, RT=reaction time, RVF =right visual field, LVF =left visual field, CON = control group, DYS =dyslexia group

significant RVF advantage for words in the control group,
for both accuracy, #(44)=3.92, p<0.001, d=0.72, 95%
CI [3.94, + =], and reaction time, £(44)=-2.28, p=0.027,
d=-0.11, 95% CI [-c0, —4.09]. The expected LVF advan-
tage for the symmetry decision task was significant
in reaction times for the control group, #(44)=-3.03,
p=0.004, d=-0.12, 95% CI [-o, —7.88], however no sig-
nificant advantage was found for accuracy, #(44)=1.56,
p=0.127,d=0.25,95% CI [-0.21, + oo].

To test the first hypothesis, we calculated difference
scores to examine whether the difference in perfor-
mance between the visual fields was greater in the dys-
lexia group. There were no significant group differences
in RVE-LVF differences when comparing the dyslexia and
control group in the lexical decision task for accuracy,
1(86.68)=0.21, p=0.835, d=0.04, 95% CI [-3.85,+ ],
nor reaction times, £(57.02)=-1.75, p=0.086, d=-0.37,
95% CI [-, —1.45]. We also found no significant
group difference in the LVEF-RVF differences for the



Meijer et al. Journal of Neurodevelopmental Disorders

symmetry decision task in accuracy, #(85.39)=0.70,
p=0.485, d=0.15, 95% CI [-2.17, + ], or reaction times,
1(77.3)=-0.27, p=0.790, d = -0.06, 95% CI [-o, 14.55].

As our results on visual word processing differed from
those of previous studies [7, 30], unplanned post hoc
analyses were conducted. Bradshaw et al. [7] and Hen-
derson et al. [30] found that the observed RVF advantage
in their dyslexia samples could be explained by a reduced
word accuracy in the LVE, but not a difference in the RVF,
as compared to controls. Therefore, we used independent
t-tests to compare accuracy and the reaction times to
the LVF and the RVF between the groups for both tasks.
Because these analyses were exploratory and not speci-
fied a priori, two-sided tests were used to allow for the
possibility of differences in either direction. For the lexi-
cal decision task, accuracy was significantly lower in the
dyslexia group compared to the control group for both
the LVE, £(87.88)=-2.82, p=0.024, d=-0.60, 95% CI
[-11.60, -2.01], and the RVFE, £(85.62) =-4.40, p<0.001,
d=-0.93, 95% CI [-9.07, -3.43]. In addition, reaction
times were significantly longer in the dyslexia group
compared to the control group in the LVEF, £(71.89) = 3.90,
p<0.001, d=0.82, 95% CI [74.44, 230.15], and the
RVE, £(86.86)=3.77, p=0.001, d=0.80, 95% CI [56.57,
182.39]. For the symmetry decision task, reaction times
to the RVF trials were significantly longer in the dyslexia
group, (87.73)=2.63, p=0.040, d=0.55, 95% CI [20.54,
147.76]. Reaction times to the LVF approached signifi-
cance with longer reaction times in the dyslexia group,
£(87.59) =2.46, p=0.063, d=0.52, 95% CI [15.64, 147.09].
Accuracy did not significantly differ between groups
for both the RVE, £(87.81)=0.27, p=1, d=0.06, 95% CI
[-3.87, 5.09], and the LVF, #(82.43)=1.06, p=1, d=0.22,
95% CI [-1.91, 6.30].

Redundant bilateral advantage

RBA scores are summarized for each group and task in
Table 3, and mean accuracy and reaction times for the
bilateral and preferred visual fields are displayed in Fig. 3.
As shown in Supplementary Figures S3 and S4, the RBA
varied within the dyslexia group, with some individu-
als showing larger differences. Before testing the second
hypothesis, we verified whether the RBA was present in
the control group using one-tailed t-tests that reflected
the expected direction of the difference between condi-
tions. A significant RBA, as compared to the preferred
unilateral visual field, was confirmed in the control group
for both the lexical decision task (accuracy: #(44)=5.80,
p<0.001, d=0.89, 95% CI [2.98,+], reaction times:
t(44)=-6.60, p<0.001, d=-0.21, 95% CI [-e, —20.15])
and the symmetry decision task (accuracy: #(44)=7.56,
p<0.001, d=0.97, 95% CI [6.35,+], reaction time:
t(44) = -4.32, p<0.001, d=-0.12, 95% CI [-e0, ~10.45]).
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Based on the second hypothesis, it was expected that
the RBA would be reduced in the dyslexia group com-
pared to the control group. However, the RBA in the lexi-
cal decision task was larger in the dyslexia group based
on accuracy (see Table 3), which was in the unexpected
direction. The RBA, based on reaction times, was not sig-
nificantly reduced in the dyslexia group, #(62.45)=0.51,
p=0.601, d=0.11, 95% CI [-11.14,+0cc]. The RBA was
not significantly reduced in the symmetry decision task
based on accuracy scores, #(86.65)=-1.60, p=0.113,
d=-0.34, 95% CI [-e, 0.09], and the difference in RBA
based on reaction times was to the unpredicted direction
(larger in the dyslexia group; see Table 3).

As we calculated the RBA using each participant’s
preferred visual field, whereas Henderson et al. [30] and
Bradshaw et al. [7] used the RVF as a reference for the
RBA for all participants, we conducted a post hoc explor-
atory analysis to ensure this did not account for the dif-
ference in results for the lexical decision task. In this
analysis, the RBA was calculated using each participant’s
RVE, consistent with Henderson et al. [30] and Brad-
shaw et al. [7]. This did not change the outcome of the
tests, with the group difference for the RBA in the lexi-
cal decision task still being non-significant (accuracy:
£(87.78) =2.00, p=1.000, d=0.42, 95% CI [-eo, 5.30], reac-
tion times: £(66.03) =-0.18, p=1.000, d=-0.04, 95% CI
[-21.19, + =]). A visual comparison of the data from Hen-
derson et al. [30] and Bradshaw et al. [7], and our new
data using the equivalent calculation method of the RBA,
is presented in Fig. 4.

Correlations with reading and spelling abilities

To examine the third hypothesis, partial correlation
analyses were conducted to investigate the relationship
between visual field differences in both visual half-field
tasks and performance on independent reading and spell-
ing tests in the dyslexia group, while controlling for sex
and years of education. Correlations were calculated for
the RVF-LVF difference in the lexical decision task and
the LVF-RVF difference in the symmetry decision task,
using both accuracy and reaction time. After Bonfer-
roni correction, difference scores showed no significant
correlation with any language test scores. Tables 4 and
5 summarize the correlations, and Figures S1 and S2 in
the supplemental materials provide visualizations of the
results.

Furthermore, partial correlations were conducted
between the RBA scores of both visual half-field tasks and
the reading and spelling test scores in the dyslexia group,
while controlling for sex and years of education. Correla-
tions were calculated for the RBA in the lexical decision
and symmetry decision tasks, using both accuracy and
reaction times. After Bonferroni correction, RBA scores
showed no significant correlation with language abilities.



Meijer et al. Journal of Neurodevelopmental Disorders (2026) 18:10

Page 9 of 15

Lexical decision task

Accuracy

Reaction Times

o 1000

900 4
80 A

Visual Field
. Preferred Field

B siatera Field

Group

Symmetry decision task

Reaction Times

S ’g 800 1
8 =
<70 o
700
60
600
50 500 4
Group
Accuracy
900
90
800
80
9 ~ 700
5] =
< 704 x

- 600

5004

504

Group

Visual Field
. Preferred Field

B siatera Fiela

Group

Fig. 3 Bar plots of preferred and bilateral visual field of both tasks per group. Note: Bar plots of the mean accuracy (in %) and mean reaction times (in ms)
for the preferred visual field and the bilateral visual field per group, 95% confidence intervals in black. Bars start at 50% accuracy and 500 ms reaction time.

ACC=accuracy, RT=reaction time, CON =control group, DYS =dyslexia group

Tables 4 and 5 summarize the correlations, and scatter-
plots in Figures S3 and S4 in the supplemental materials
visualize the results.

Discussion

The current study examined the interhemispheric trans-
fer deficit theory in dyslexia, which posits that dyslexia
is associated with impaired hemispheric transfer, using

two visual half-field paradigms. A lexical decision task
measured both accuracy and reaction times of written
word recognition, while a non-verbal symmetry deci-
sion task assessed whether interhemispheric transfer
deficits extended beyond language, given that visuospa-
tial abilities have been found to be impaired in dyslexia
[13]. For both tasks, we tested three hypotheses. The first
hypothesis predicted that the dyslexia group would show
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based on accuracy of the previous studies of Henderson et al. [30] and Bradshaw et al. [7], and the new data of the lexical decision task of the current study,
visualized in pirate plots displaying the mean and individual data points of the two groups. The shaded boxes represent the 95% confidence intervals.
Note that the visualization of the data of Henderson et al. [30] is based on the data of 18 participants per group, as not all data was available. RBA =redun-
dant bilateral advantage, CON = control group, DYS =dyslexia group

Table 4 Pearson’s partial correlations (p) between RVF-LVF difference scores and RBA scores of the lexical decision task, and reading
and spelling tests in the dyslexia group

RVF-LVF Difference RBA

Accuracy Accuracy RT
spelling GL&SCHR (p) .10 (1.000) -35(1398) -002 (1.000)
phonological awareness (p) -22(.936) 36 (.108) .20 (1.000)
LEMs reading test (p) -03 (1.000) -02 (1.000) -13(1.000)

P-values are Bonferroni corrected per asymmetry measure (RVF-LVF difference and RBA)

Table 5 Pearson’s partial correlations (p) between LVF-RVF difference scores and RBA scores of the symmetry decision task, and
reading and spelling tests in the dyslexia group

LVF-RVF Difference RBA

Accuracy Accuracy RT
spelling GL&SCHR (p) -.14 (1.000) -.14 (1.000) -32(312) .02 (1.000)
phonological awareness (p) 34 (.204) -.20 (1.000) 27 (660) .16 (1.000)
LEMs reading test (p) -09 (1.000) -.26(.720) .03 (1.000)

P-values are Bonferroni corrected per asymmetry measure (RVF-LVF difference and RBA)

a greater RVF-LVF difference in accuracy and reaction
times. The second hypothesis predicted that RBA of the
dyslexia group in accuracy and reaction times would be
reduced. Finally, the third hypothesis examined whether
the magnitude of the RVF-LVF difference and the RBA
were associated with the language test scores in the dys-
lexia group through partial correlation analyses. Our
results did not provide support for any of the three tested

hypotheses.

Mixed evidence for interhemispheric transfer deficits
across tasks

The lexical decision task successfully showed a RVF
advantage in both accuracy and reaction times in the
control group, confirming its sensitivity to RVF-LVF dif-
ferences in written word processing. Similarly, control
participants had a LVF advantage in both accuracy and
reaction times for the symmetry decision task, confirm-
ing the task’s sensitivity to right hemisphere dominance
in visual symmetry processing. However, the visual half-
field differences in either task were not significantly larger
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in the dyslexia group than in the control group, failing to
support the first hypothesis.

Despite the absence of significant group differences in
VHEF effects, the dyslexia group performed worse on the
lexical decision task than the control group, consistent
with previous studies that used a typing task to measure
word processing [7, 30]. However, this decreased per-
formance could not be attributed only to impaired LVF
processing, as both LVF and RVF trials were unexpect-
edly affected to the same extent. These results contrast
with those of Henderson et al. [30] and Bradshaw et al.
[7], in which LVF performance was impaired in the dys-
lexia group, whereas RVF performance remained compa-
rable to that of controls. A notable difference across these
studies is the tasks used: while Henderson et al. [30] and
Bradshaw et al. [7] both used a typing word reproduction
task, we used a lexical decision task. It is possible that the
interhemispheric transfer deficit in dyslexia is task-spe-
cific, with different tasks tapping into distinct cognitive
processes. For example, a lexical decision task requires
the evaluation of words and non-words based on lexical
information like orthography, phonology, and semantics
[3, 50, 53], while a typing task requires the orthographic
reproduction of presented words [17]. Thus, the typing
task emphasizes word (re)production, while word pro-
duction is not necessarily required in the lexical decision
task. It is possible that previous studies found evidence
for the interhemispheric transfer deficit theory in dys-
lexia because it applies specifically to word (re)produc-
tion, but not to other lexical processes involved in a
lexical decision task.

The dyslexia group did not show lower accuracy on
the symmetry decision task but did show longer reac-
tion times that approached significance. Again, we found
no evidence of impaired transfer in the dyslexia group
for this task. These results are inconsistent with those
of Daini et al. [18] and Facoetti et al. [22], who reported
impaired transfer in children with dyslexia across dif-
ferent visuospatial tasks. However, they align with the
findings of Velay et al. [63], who, like this study, found
no evidence of impaired transfer in a visuomanual point-
ing task. Studies on visuo-spatial processing have also
employed a diverse range of tasks, each possibly engag-
ing distinct cognitive and perceptual mechanisms. For
the symmetry decision task used in this study, the par-
ticipants only had to assess symmetry along the verti-
cal axis, whereas Daini et al. [18] used a same-different
orientation judgment task where participants had to
assess the orientation of two identical images across
either the vertical or the horizontal axis. The latter task
is thus more extensive and might place different demands
on attentional control, working memory, and percep-
tual integration. Facoetti et al. [22] used tasks on visual
spatial attention, which in turn could involve different
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visuo-spatial processes compared to symmetry or ori-
entation detection. Velay et al. [63] also used a different
task, namely a visuo-manual pointing tasks, which tap
more into motor processes. Taken together, the variety
in tasks used to assess interhemispheric transfer defi-
cits in visuo-spatial processing could also explain the
inconsistent results. Future research should identify the
processing mechanisms implicated in dyslexia by using
tasks targeting specific aspects of word processing, visuo-
spatial, and other non-verbal processes. More refined
experimental paradigms could clarify whether interhemi-
spheric transfer deficits are limited to certain cognitive
domains or extend across tasks.

Another noticeable difference between these studies is
the participants’ age. While Daini et al. [18] and Facoetti
et al. [22] focused on children, Velay et al. [63] and the
current study used adult participants. There may be a
developmental factor involved in the observation of an
interhemispheric transfer deficit in visuospatial tasks,
since studies involving children yielded positive results in
favor of the theory, while studies focusing on adults did
not. It is possible that adults adapted processing strate-
gies for these tasks to overcome the deficit observed in
children. It could also be that adults are better at per-
forming these types of tasks than children, as can be
inferred from the high accuracy rates in the current
study, resulting in less noticeable observable differences
in performance between the visual half-fields. However,
in this case, it applies only to visuospatial tasks. The
other studies on word-processing [7, 30] and the current
study all involved adults and thus do not support the idea
that a developmental factor could explain differences in
results regarding interhemispheric transfer deficits in
word-processing.

Taken together, the literature presents contradictory
results, with some studies reporting evidence in favor of
a deficit in hemispheric transfer in dyslexia, while others,
like this study, do not. Another factor that could account
for this is the use of small sample sizes in some studies,
which may have led to an overestimation of the differ-
ences between the dyslexia group and the control group
[12]. Studies with small sample sizes are more suscep-
tible to sampling error and spurious results, potentially
distorting the overall picture presented in the literature.
As such, caution is needed when interpreting results
from small sample size studies in isolation. Using larger
and representative samples across tasks should give us
a more accurate understanding of the conditions under
which the interhemispheric transfer deficit might occur
in dyslexia.

Although the planned analyses did not reveal group
differences in visual half-field differences, the post-hoc
group comparisons of performance to each field sepa-
rately could provide additional context to interpret the
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results. The dyslexia group showed lower accuracy and
longer reaction times than the control group to both
words presented to the LVF and the RVFE. This is in con-
trast with the findings of Bradshaw et al. [7] and Hen-
derson et al. [30], who found a LVF specific deficit. Our
results suggest that word recognition difficulties might be
due to a more general deficit rather than a hemisphere-
specific impairment. Exploratory analyses of the sym-
metry decision task showed longer reaction times in
the dyslexia group, with a significant difference for RVF
trials and a trend for LVF trials, while accuracy was not
significantly different between groups. These findings
do not align with a hemisphere-specific transfer deficit,
but instead suggest a more general slowing of symmetry
decision-making. These exploratory findings should be
interpreted cautiously but highlight the importance of
distinguishing between hemisphere-specific and global
processing deficits in individuals with dyslexia in future
research.

Unexpected redundant bilateral advantage in dyslexia

Both tasks revealed a significant RBA in accuracy and
reaction times in the control group, supporting their
validity in measuring a RBA in both written-word and
visual-symmetry processing. However, in both tasks, the
dyslexia group’s RBA was not significantly smaller than
that of the control group, failing to support the second
hypothesis. These results are inconsistent with the find-
ings of Henderson et al. [30], who observed an absence
of the RBA in their dyslexia group. However, Bradshaw
et al. [7] also found an RBA in their dyslexia group com-
pared to controls, consistent with our findings. Based
on visual inspection of our data, the RBA appears to
be increased in the dyslexia group in some conditions,
especially for accuracy in the lexical decision task (see
Fig. 3). This finding is surprising, as the interhemispheric
transfer hypothesis would predict an absent or reduced
RBA [2, 41]. We did, however, not test if the effect was
significant, as our predictions were in the opposite direc-
tion. These results cannot be explained by a lack of dif-
ferences in language proficiency between the groups, as
the dyslexia group performed significantly worse on vali-
dated dyslexia discrimination tests [61]. Instead, the cur-
rent results may be explained by the unexpectedly poorer
performance on words in the RVF in the dyslexia group.
Since most participants preferred the RVF and this con-
dition was also impaired in the dyslexia group, the dif-
ference between performance in the preferred field and
performance with bilaterally presented words may have
been exaggerated, leading to an apparent increase in the
RBA in the dyslexia group. This could also explain why
our findings were in the opposite direction to those of
Bradshaw et al. [7] and Henderson et al. [30], in which
performance on words in the RVF was not affected in
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the dyslexia group. Of course, a noticeable difference
lies in the calculation of the RBA. Henderson et al. [30]
and Bradshaw et al. [7] both used the RVF as a reference,
even though some participants showed higher accuracy
in the LVE. This approach risks overestimating the RBA,
potentially inflating the advantage when individual differ-
ences in lateralization are not accounted for. To address
this, the current study identified each participant’s pre-
ferred hemisphere/visual field and calculated the RBA
as the difference between performance in the preferred
and bilateral fields. While this method prevents over-
estimation, it does not explain the conflicting results,
as recalculating the RBA using prior methods yielded
consistent outcomes. Even when we adopted the same
approach used by Henderson et al. [30] and Bradshaw et
al. [7], the trend favoring the dyslexia group remained.
In both our original analysis and the recalculation using
their method, the dyslexia group showed a larger RBA
for accuracy on the lexical decision task (see Fig. 4). This
suggests that the unexpected pattern is not due to differ-
ences in how the RBA was calculated, but is genuinely
reflected in the data. Further investigation is needed to
replicate this unexpected finding and to assess in which
context individuals with dyslexia experience an increased
or reduced RBA.

Correlation with language abilities

If impaired interhemispheric transfer is related to dys-
lexia symptoms, we would expect the size of the delay to
be related to the severity of dyslexia symptoms. However,
partial correlation analysis revealed no significant rela-
tions between the reading, spelling, and phonological
awareness scores and the LVF-RVF difference or with the
RBA of both tasks in the dyslexia group. It is important
to note that ceiling effects were observed in the VHF task
data and that the VHF method is an indirect behavioral
method not considered sensitive enough to determine
language lateralization on the individual level [31]. This
limits the reliability of the correlation analysis. Given
these limitations, the results of the correlation analyses
should be interpreted with caution.

Limitations of visual half-field tasks and future research

Although the VHF paradigm remains a valuable behav-
ioral method for examining hemispheric lateralization
and interhemispheric transfer, a few possible limitations
of the present implementation should be noted. Firstly,
the tasks appeared to be very simple, as indicated by the
high accuracy scores. Accuracy ranged from 75 to 90%
in the dyslexia group and from 75 to 95% in the control
group. Ceiling effects can lead to underestimated vari-
ability [60], and as such, the differences between the
control and dyslexia groups may also have been underes-
timated, since lower variability can reduce the likelihood
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of detecting group differences [57]. Future research could
implement the same tasks with more challenging items
to examine how this affects variance and the observed
group differences.

Secondly, another limitation is the lack of control for
eye movements away from the fixation cross. It cannot
be guaranteed that stimuli were consistently presented
in the intended visual half-field if participants had dif-
ficulty maintaining fixation. It would have been prefer-
able to control for eye movements using eye-tracking.
An interesting aspect for future research would be to
test the relationship between stimulus presentation time,
eye movements away from the fixation cross, and per-
formance on a VHF task. Here, we opted for the upper
limit of recommended stimulus presentation times [31].
Longer presentation times could have increased the like-
lihood of eye movements toward the relevant stimulus,
whereas shorter times might have impaired performance
due to reduced stimulus clarity.

It is also important to note that VHF tasks serve only
as behavioral proxies for hemispheric asymmetry and
can be unreliable at the individual level due to high vari-
ability in performance [31]. Functional brain imaging
offers a more robust method for identifying individual
lateralization patterns (e.g. [32, 34]), although VHF tasks
remain reliable at the group level [47]. To more directly
examine interhemispheric transfer times in individuals
with dyslexia, future research could capitalize on EEG’s
high temporal resolution, which allows for a more pre-
cise assessment of the timing of interhemispheric com-
munication at the individual level [24]. Nevertheless,
observing changes in behavior may be more functionally
relevant than neurophysiological differences, particularly
when the goal is to understand or improve cognitive per-
formance [44]. Thus, we argue that the present findings
support the use of VHF tasks as an appropriate behav-
ioral tool for studying hemispheric transfer at the group
level, and a low-cost alternative to neuroimaging
techniques.

Conclusions

The current study provides new insights into the inter-
hemispheric transfer deficit theory in dyslexia. While
both tasks effectively captured lateralization patterns
in the control group, no evidence of significantly larger
asymmetries or reduced redundant bilateral advantages
was found in the dyslexia group. These findings chal-
lenge the interhemispheric transfer deficit theory in dys-
lexia across two different cognitive domains. The results
emphasize the need for task-specific investigations, as
observed interhemispheric transfer deficits may vary
depending on the processes involved. Despite its limi-
tations, this study underscores the importance of task
design in advancing our understanding of dyslexia and
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lateralization. Clinically, these results suggest that behav-
ioral visual half-field tasks may provide complementary
insights into hemispheric processing, but have limited
utility for the assessment of dyslexia, and should not
replace standard phonological and reading assessments.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/511689-026-09674-4.

[ Supplementary Material 1. J

Acknowledgements
We would like to thank Hanne Vande Wiele for help with data collection.

Authors’ contributions

ZM: Formal analysis, Investigation, Visualization, Writing- Original draft
preparation. EMK: Formal analysis, Writing- Original draft preparation. RG:
Methodology, Writing- Reviewing and Editing. GV: Supervision, Writing-
Reviewing and Editing. HV: Conceptualization, Data Curation, Funding
acquisition, Investigation, Methodology, Supervision.

Funding

This work was supported by a Fonds Wetenschappelijk Onderzoek Vlaanderen
(FWO) grant (1217621N) assigned to Helena Verhelst. Zita Meijer is supported

by a Ghent University Methusalem grant (BOF22/MET_V/002) awarded to Jan

De Houwer. Emma M Karlsson is supported by a BOF postdoctoral fellowship

(BOF24/PD0O/037).

Data availability
The data that supports the findings of this study are openly available in OSF at
https://osf.io/qgehx/.

Declarations

Ethics approval and consent to participate

The study was approved by the medical ethics committee of Ghent University
Hospital (approval number BC-09822). Written informed consent was
obtained from each participant.

Competing interests
The authors declare no competing interests.

Received: 28 May 2025 / Accepted: 15 January 2026
Published online: 29 January 2026

References

1. Aradjo S, Faisca L, Bramao |, Petersson KM, Reis A. Lexical and phonological
processes in dyslexic readers: evidence from a visual lexical decision task.
Dyslexia. 2014;20(1):38-53. https://doi.org/10.1002/dys.1461.

2. Badzakova-Trajkov G, Hamm JP, Waldie KE. The effects of redundant stimuli
on visuospatial processing in developmental dyslexia. Neuropsychologia.
2005;43(3):473-8. https://doi.org/10.1016/j.neuropsychologia.2004.06.016.

3. Balota DA, Chumbley JI. Are lexical decisions a good measure of lexical
access? The role of word frequency in the neglected decision stage. J Exp
Psychol Hum Percept Perform. 1984;10(3):340-57. https://doi.org/10.1037/00
96-1523.10.3.340.

4. Barca L, Cornelissen P, Simpson M, Urooj U, Woods W, Ellis AW. The neural
basis of the right visual field advantage in reading: an MEG analysis using
virtual electrodes. Brain Lang. 2011;118(3):53-71. https://doi.org/10.1016/j.ba
ndl.2010.09.003.

5. Barcal, Pezzulo G. Unfolding visual lexical decision in time. PLoS One.
2012;7(4):235932. https://doi.org/10.1371/journal.pone.0035932.

6. Bourne VJ. The divided visual field paradigm: methodological considerations.
Laterality. 2006;11(4):373-93. https://doi.org/10.1080/13576500600633982.


https://doi.org/10.1186/s11689-026-09674-4
https://doi.org/10.1186/s11689-026-09674-4
https://osf.io/qgehx/
https://doi.org/10.1002/dys.1461
https://doi.org/10.1016/j.neuropsychologia.2004.06.016
https://doi.org/10.1037/0096-1523.10.3.340
https://doi.org/10.1037/0096-1523.10.3.340
https://doi.org/10.1016/j.bandl.2010.09.003
https://doi.org/10.1016/j.bandl.2010.09.003
https://doi.org/10.1371/journal.pone.0035932
https://doi.org/10.1080/13576500600633982

Meijer et al. Journal of Neurodevelopmental Disorders

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

(2026) 18:10

Bradshaw A, Bishop D, Woodhead Z. Testing the interhemispheric deficit
theory of dyslexia using the visual half-field technique. Q J Exp Psychol.
2020;73(7):1004-16. https://doi.org/10.1177/1747021819895472.

Broman M, Rudel RG, Helfgott E, Krieger J. Inter- and intrahemispheric
processing of visual and auditory stimuli by dyslexic children and normal
readers. Int J Neurosci. 1985;26(1-2):27-38. https://doi.org/10.3109/00207458
508985600.

Brown WS, Jeeves MA, Dietrich R, Burnison DS. Bilateral field advantage and
evoked potential interhemispheric transmission in commissurotomy and
callosal agenesis. Neuropsychologia. 1999;37(10):1165-80. https://doi.org/10.
1016/50028-3932(99)00011-1.

Bruck M. Persistence of dyslexics'phonological awareness deficits. Dev
Psychol. 1992;28(5):874-86. https://doi.org/10.1037/0012-1649.28.5.874.
Brysbaert M, Stevens M, Mandera P, Keuleers E. The impact of word preva-
lence on lexical decision times: evidence from the Dutch Lexicon Project 2. J
Exp Psychol Hum Percept Perform. 2016;42(3):441-58. https://doi.org/10.103
7/xhp0000159.

CaoY, Chen RC, Katz AJ. Why is a small sample size not enough? Oncologist.
2024,29(9):761-3. https://doi.org/10.1093/oncolo/oyae162.

Chamberlain R, Brunswick N, Siev JJ, McManus |. Meta-analytic findings reveal
lower means but higher variances in visuospatial ability in dyslexia. Br J
Psychol. 2018. https://doi.org/10.1111/bjop.12321.

Chambers SM, Forster K. Evidence for lexical access in a simultaneous match-
ing task. Mem Cognit. 1975;3(5):549-59. https://doi.org/10.3758/BF03197530.
Coltheart M, Rastle K, Perry C, Langdon R, Ziegler J. DRC: a dual route
cascaded model of visual word recognition and reading aloud. Psychol Rev.
2001;108(1):204-56. https://doi.org/10.1037/0033-295x.108.1.204.
Conti-Ramsden G, Durkin K, Toseeb U, Botting N, Pickles A. Education and
employment outcomes of young adults with a history of developmental
language disorder. Int J Lang Commun Disord. 2018;53(2):237-55. https://doi.
org/10.1111/1460-6984.12338.

Crump MJC, Logan GD. Hierarchical control and skilled typing: Evidence for
word-level control over the execution of individual keystrokes. J Exp Psychol
Learn Mem Cogn. 2010;36(6):1369-80. https://doi.org/10.1037/a0020696.
Daini R, Fabritiis PD, Ginocchio C, Lenti C, Lentini CM, Marzorati D, et al. Revis-
iting strephosymbolie: the connection between interhemispheric transfer
and developmental dyslexia. Brain Sci. 2018,8(4):67. https://doi.org/10.3390/b
rainsci8040067.

Delvenne J-F, Castronovo J, Demeyere N, Humphreys GW. Bilateral field
advantage in visual enumeration. PLoS One. 2011;6(3):e17743. https://doi.org
/10.1371/journal.pone.0017743.

Depessemier P, Andries C. Gletschr Test voor Gevorderd Lezen & SCHRijven.
Leuven: Garant; 2009.

Duara R, Kushch A, Gross-Glenn K, Barker WW, Jallad B, Pascal S, et al. Neu-
roanatomic differences between dyslexic and normal readers on magnetic
resonance imaging scans. Arch Neurol. 1991;48(4):410-6. https://doi.org/10.1
001/archneur.1991.00530160078018.

Facoetti A, Turatto M, Lorusso ML, Mascetti GG. Orienting of visual attention
in dyslexia: evidence for asymmetric hemispheric control of attention. Exp
Brain Res. 2001;138(1):46-53. https://doi.org/10.1007/5002210100700.

Fox J, Weisberg S. An {R} companion to applied regression. Sage; 2019. https:/
/socialsciences.mcmaster.ca/jfox/Books/Companion/.

Friedrich P, Ocklenburg S, Mochalski L, Schltter C, Glnturkin O, Genc E.
Long-term reliability of the visual EEG poffenberger paradigm. Behav Brain
Res. 2017,330:85-91. https://doi.org/10.1016/j.bbr.2017.05.019.

Gazzaniga MS. Principles of human brain organization derived from split-
brain studies. Neuron. 1995;14(2):217-28. https://doi.org/10.1016/0896-6273(
95)90280-5.

Gernsbacher MA, Kaschak MP. Neuroimaging studies of language production
and comprehension. Annu Rev Psychol. 2003;54(1):91-114. https://doi.org/10
.1146/annurev.psych.54.101601.145128.

Ghesquiére P, Boets B, Gadeyne E, Vandewalle E. Dyslexie: Een beknopt
wetenschappelijk overzicht. In: Jongvolwassenen met dyslexie. Diagnostiek
en begeleiding in wetenschap en praktijk. 1st ed. Leuven: Acco; 2011. p.
11-9.

Grainger J, Jacobs AM. Orthographic processing in visual word recognition: a
multiple read-out model. Psychol Rev. 1996;103(3):518-65. https://doi.org/10.
1037/0033-295x.103.3.518.

Hellige JB. Hemispheric asymmetry: what's right and what's left. Cambridge:
Harvard University Press; 1993.

Henderson L, Barca L, Ellis AW. Interhemispheric cooperation and non-coop-
eration during word recognition: evidence for callosal transfer dysfunction in

31

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Page 14 of 15

dyslexic adults. Brain Lang. 2007;103(3):276-91. https://doi.org/10.1016/j.ban
dl.2007.04.009.

Hunter ZR, Brysbaert M. Visual half-field experiments are a good measure

of cerebral language dominance if used properly: evidence from fMRI. Neuro-
psychologia. 2008;46(1):316-25. https://doi.org/10.1016/j.neuropsychologia.2
007.07.007.

Johnstone LT, Karlsson EM, Carey DP. The validity and reliability of quantifying
hemispheric specialisation using fMRI: evidence from left and right handers
on three different cerebral asymmetries. Neuropsychologia. 2020. https://doi.
org/10.1016/j.neuropsychologia.2020.107331.

Karlsson EM, Johnstone LT, Carey DP. The depth and breadth of multiple
perceptual asymmetries in right handers and non-right handers. Laterality.
2019;24(6):707-39. https://doi.org/10.1080/1357650X.2019.1652308.

Karlsson EM, Johnstone LT, Carey DP. Reciprocal or independent hemispheric
specializations: evidence from cerebral dominance for fluency, faces, and
bodies in right- and left-handers. Psychol Neurosci. 2022;15(2):89-104. https:/
/doi.org/10.1037/pne0000269.

Keuleers E, Diependaele K, Brysbaert M. Practice effects in large-scale visual
word recognition studies: a lexical decision study on 14,000 Dutch mono-
and disyllabic words and nonwords. Front Psychol. 2010;1. https://doi.org/10.
3389/fpsyg.2010.00174.

Kim S, Kim J, Nam K. Familiarity with words modulates interhemispheric
interactions in visual word recognition. Front Psychol. 2022. https://doi.org/1
0.3389/fpsyg.2022.892858.

Kim S, Nam K. Examining interhemispheric processing and task demand in
lexical decision-making: insights from lateralized visual field paradigm. Front
Psychol. 2023;14:1208786. https://doi.org/10.3389/fpsyg.2023.1208786.

Lefly DL, Pennington BF. Spelling errors and reading fluency in compensated
adult dyslexics. Ann Dyslexia. 1991;41(1):141-62. https://doi.org/10.1007/BFO
2648083.

Luke SG, Brown T, Smith C, Gutierrez A, Tolley C, Ford O. Dyslexics exhibit

an orthographic, not a phonological deficit in lexical decision. Lang Cogn
Neurosci. 2024;39(3):330-40. https://doi.org/10.1080/23273798.2023.228831
9.

Lyon GR, Shaywitz SE, Shaywitz BA. A definition of dyslexia. Ann Dyslexia.
2003;53(1):1-14. https://doi.org/10.1007/511881-003-0001-9.

Marks NL, Hellige JB. Effects of bilateral stimulation and stimulus redundancy
on interhemispheric interaction. Neuropsychology. 1999;13(4):475-87. https./
/doi.org/10.1037/0894-4105.13.4.475.

Mohr B, Pulvermdiller F, Rayman J, Zaidel E. Interhemispheric cooperation dur-
ing lexical processing is mediated by the corpus callosum: evidence from the
split-brain. Neurosci Lett. 1994;181(1):17-21. https://doi.org/10.1016/0304-39
40(94)90550-9.

Moll K, Snowling MJ, Hulme C. Introduction to the special issue “Comorbidi-
ties between reading disorders and other developmental disorders.” Sci Stud
Reading. 2020;24(1):1-6. https://doi.org/10.1080/10888438.2019.1702045.
Niv Y. The primacy of behavioral research for understanding the brain. Behav
Neurosci. 2021;135(5):601-9. https://doi.org/10.1037/bne0000471.
Ocklenburg S. Tachistoscopic viewing and dichotic listening. In: Rogers LJ,
Vallortigara G, editors. Lateralized brain functions: methods in human and
non-human species. Springer; 2024. p. 3-32. https://doi.org/10.1007/978-1-0
716-4240-5_1.

Orton ST. Reading, writing and speech problems in children. 1937. http://arch
ive.org/details/in.ernet.dli.2015.18258.

Parker AJ, Woodhead ZVJ, Carey DP, Groen MA, Gutierrez-Sigut E, Hodgson J,
et al. Inconsistent language lateralisation—testing the dissociable language
laterality hypothesis using behaviour and lateralised cerebral blood flow.
Cortex. 2022;154:105-34. https://doi.org/10.1016/j.cortex.2022.05.013.

Peirce J, Gray JR, Simpson S, MacAskill M, Hochenberger R, Sogo H, et

al. PsychoPy2: experiments in behavior made easy. Behav Res Methods.
2019;51(1):195-203. https://doi.org/10.3758/513428-018-01193-y.

Phillips N. yarrr: a companion to the e-book “YaRrr!: the pirate’s guide to R".
2016.p. 0.1.5. . https;//doi.org/10.32614/CRAN.package.yarrr.

Plaut DC. Structure and function in the lexical system: insights from dis-
tributed models of word reading and lexical decision. Lang Cogn Process.
1997;12(5-6):767-805. https://doi.org/10.1080/016909697386682.

R Core Team. R: a language and environment for statistical computing [Com-
puter software]. R Foundation for Statistical Computing; 2021. https.//www.
R-project.org/.

Ratcliff R. Methods for dealing with reaction time outliers. Psychol Bull.
1993;114(3):510-32. https://doi.org/10.1037/0033-2909.114.3.510.


https://doi.org/10.1177/1747021819895472
https://doi.org/10.3109/00207458508985600
https://doi.org/10.3109/00207458508985600
https://doi.org/10.1016/S0028-3932(99)00011-1
https://doi.org/10.1016/S0028-3932(99)00011-1
https://doi.org/10.1037/0012-1649.28.5.874
https://doi.org/10.1037/xhp0000159
https://doi.org/10.1037/xhp0000159
https://doi.org/10.1093/oncolo/oyae162
https://doi.org/10.1111/bjop.12321
https://doi.org/10.3758/BF03197530
https://doi.org/10.1037/0033-295x.108.1.204
https://doi.org/10.1111/1460-6984.12338
https://doi.org/10.1111/1460-6984.12338
https://doi.org/10.1037/a0020696
https://doi.org/10.3390/brainsci8040067
https://doi.org/10.3390/brainsci8040067
https://doi.org/10.1371/journal.pone.0017743
https://doi.org/10.1371/journal.pone.0017743
https://doi.org/10.1001/archneur.1991.00530160078018
https://doi.org/10.1001/archneur.1991.00530160078018
https://doi.org/10.1007/s002210100700
https://socialsciences.mcmaster.ca/jfox/Books/Companion/
https://socialsciences.mcmaster.ca/jfox/Books/Companion/
https://doi.org/10.1016/j.bbr.2017.05.019
https://doi.org/10.1016/0896-6273(95)90280-5
https://doi.org/10.1016/0896-6273(95)90280-5
https://doi.org/10.1146/annurev.psych.54.101601.145128
https://doi.org/10.1146/annurev.psych.54.101601.145128
https://doi.org/10.1037/0033-295x.103.3.518
https://doi.org/10.1037/0033-295x.103.3.518
https://doi.org/10.1016/j.bandl.2007.04.009
https://doi.org/10.1016/j.bandl.2007.04.009
https://doi.org/10.1016/j.neuropsychologia.2007.07.007
https://doi.org/10.1016/j.neuropsychologia.2007.07.007
https://doi.org/10.1016/j.neuropsychologia.2020.107331
https://doi.org/10.1016/j.neuropsychologia.2020.107331
https://doi.org/10.1080/1357650X.2019.1652308
https://doi.org/10.1037/pne0000269
https://doi.org/10.1037/pne0000269
https://doi.org/10.3389/fpsyg.2010.00174
https://doi.org/10.3389/fpsyg.2010.00174
https://doi.org/10.3389/fpsyg.2022.892858
https://doi.org/10.3389/fpsyg.2022.892858
https://doi.org/10.3389/fpsyg.2023.1208786
https://doi.org/10.1007/BF02648083
https://doi.org/10.1007/BF02648083
https://doi.org/10.1080/23273798.2023.2288319
https://doi.org/10.1080/23273798.2023.2288319
https://doi.org/10.1007/s11881-003-0001-9
https://doi.org/10.1037/0894-4105.13.4.475
https://doi.org/10.1037/0894-4105.13.4.475
https://doi.org/10.1016/0304-3940(94)90550-9
https://doi.org/10.1016/0304-3940(94)90550-9
https://doi.org/10.1080/10888438.2019.1702045
https://doi.org/10.1037/bne0000471
https://doi.org/10.1007/978-1-0716-4240-5_1
https://doi.org/10.1007/978-1-0716-4240-5_1
http://archive.org/details/in.ernet.dli.2015.18258
http://archive.org/details/in.ernet.dli.2015.18258
https://doi.org/10.1016/j.cortex.2022.05.013
https://doi.org/10.3758/s13428-018-01193-y
https://doi.org/10.32614/CRAN.package.yarrr
https://doi.org/10.1080/016909697386682
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1037/0033-2909.114.3.510

Meijer et al. Journal of Neurodevelopmental Disorders

53.

54.

55.

56.

57.

58.

59.

60.

61.

(2026) 18:10

Ratcliff R, Gomez P, McKoon G. A diffusion model account of the lexical deci-
sion task. Psychol Rev. 2004;111(1):159-82. https://doi.org/10.1037/0033-295
X111.1.159.

Reilly D. Gender differences in reading, writing and language development.
In: Oxford research encyclopedia of education. 2020. https://doi.org/10.1093/
acrefore/9780190264093.013.928.

Robichon F, Habib M. Abnormal callosal morphology in male adult dyslex-
ics: relationships to handedness and phonological abilities. Brain Lang.
1998,62(1):127-46. https://doi.org/10.1006/brln.1997.1891.

Sakurai M. Parafovea. In: Shamey R, editor. Encyclopedia of color science and
technology. Springer; 2020. p. 1-3. https://doi.org/10.1007/978-3-642-2785
1-8_215-2.

Simkovic M, Trduble B. Robustness of statistical methods when measure is
affected by ceiling and/or floor effect. PLoS One. 2019;14(8):20220889. https:/
/doi.org/10.1371/journal.pone.0220889.

Simon JR. Reactions toward the source of stimulation. J Exp Psychol.
1969;81(1):174-6. https://doi.org/10.1037/h0027448.

Steinmann S, Meier J, Nolte G, Engel AK, Leicht G, Mulert C. The callosal relay
model of interhemispheric communication: new evidence from effective
connectivity analysis. Brain Topogr. 2018;31(2):218-26. https://doi.org/10.100
7/510548-017-0583-x.

Taylor TH. Ceiling effect. In: Encyclopedia of research design. SAGE Publica-
tions, Inc,; 2010. p. 133-134. https://doi.org/10.4135/9781412961288.

Tops W, Callens M, Lammertyn J, Van Hees V, Brysbaert M. Identifying stu-
dents with dyslexia in higher education. Ann Dyslexia. 2012;62(3):186-203. ht
tps://doi.org/10.1007/511881-012-0072-6.

62.

63.

64.

65.

66.

67.

Page 15 of 15

Tops W, Nouwels A, Brysbaert M. Een nieuw screeningsinstrument voor
leesonderzoek bij Nederlandse studenten: De Leestest 1-minuut studenten
(LEMs). Stem-, Spraak- en Taalpathologie. 2019. https://doi.org/10.21827/5cac
4867b72fe.

Velay JL, Daffaure V, Giraud K, Habib M. Interhemispheric sensorimotor
integration in pointing movements: a study on dyslexic adults. Neuropsycho-
logia. 2002;40(7):827-34. https://doi.org/10.1016/50028-3932(01)00177-4.
Verma A, Van der Haegen L, Brysbaert M. Symmetry detection in typically and
atypically speech lateralized individuals: a visual half-field study. Neuropsy-
chologia. 2013;51(13):2611-9. https://doi.org/10.1016/j.neuropsychologia.20
13.09.005.

Wagemans J. Detection of visual symmetries. Spat Vis. 1995,9(1):9-32. https://
doi.org/10.1163/156856895x00098.

Wagemans J. Characteristics and models of human symmetry detection.
Trends Cogn Sci. 1997;1(9):346-52. https://doi.org/10.1016/51364-6613(97)01
105-4.

Wickham H. ggplot2: Elegant graphics for data analysis. 2nd ed. New York:
Springer International Publishing; 2016. https://ggplot2.tidyverse.org.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1037/0033-295X.111.1.159
https://doi.org/10.1037/0033-295X.111.1.159
https://doi.org/10.1093/acrefore/9780190264093.013.928
https://doi.org/10.1093/acrefore/9780190264093.013.928
https://doi.org/10.1006/brln.1997.1891
https://doi.org/10.1007/978-3-642-27851-8_215-2
https://doi.org/10.1007/978-3-642-27851-8_215-2
https://doi.org/10.1371/journal.pone.0220889
https://doi.org/10.1371/journal.pone.0220889
https://doi.org/10.1037/h0027448
https://doi.org/10.1007/s10548-017-0583-x
https://doi.org/10.1007/s10548-017-0583-x
https://doi.org/10.4135/9781412961288
https://doi.org/10.1007/s11881-012-0072-6
https://doi.org/10.1007/s11881-012-0072-6
https://doi.org/10.21827/5cac4867b72fe
https://doi.org/10.21827/5cac4867b72fe
https://doi.org/10.1016/s0028-3932(01)00177-4
https://doi.org/10.1016/j.neuropsychologia.2013.09.005
https://doi.org/10.1016/j.neuropsychologia.2013.09.005
https://doi.org/10.1163/156856895x00098
https://doi.org/10.1163/156856895x00098
https://doi.org/10.1016/S1364-6613(97)01105-4
https://doi.org/10.1016/S1364-6613(97)01105-4
https://ggplot2.tidyverse.org

	﻿Hemispheric transfer and dyslexia: testing the deficit hypothesis for word and symmetry recognition using visual half-field tasks
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Participants
	﻿Materials and procedures
	﻿Visual half-field tasks
	﻿Reading and spelling tests
	﻿Spelling
	﻿Phonological awareness
	﻿Reading



	﻿Analyses
	﻿Results
	﻿Language ability scores



