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Language and reading require the integration of process-
ing across multiple distributed regions, both within and 
across the cerebral hemispheres. This requires efficient 
sharing of sensory inputs and processing outputs between 
the hemispheres, predominantly mediated by the corpus 
callosum, the main white matter pathway connecting the 
two hemispheres. This structure has been proposed to be 
key in the establishment of lateralised circuits and in 
mediating interhemispheric transfer (van der Knaap & 
van der Ham, 2011). One behavioural index of interhemi-
spheric transfer is superior reading of words presented 
bilaterally in right and left visual fields compared with 
words presented unilaterally in the right visual field 
(RVF), termed the redundant bilateral advantage (RBA). 
Here, we aimed to replicate a finding by Henderson et al. 
(2007), who reported a reduced RBA effect on a visual 
half-field (VHF) task in a dyslexic sample. They argued 
this was evidence for disrupted interhemispheric transfer 
during reading in dyslexia.

Models of reading

As we scan a text or read a centrally fixated word, ortho-
graphic information that falls in the left visual field (LVF) 
will be initially projected to the right hemisphere, with 
RVF input sent to the left hemisphere (due to decussation 
of optic fibres at the optic chiasm); at some point, process-
ing of the two VHFs must then be integrated for whole 
word recognition, requiring callosal transfer. Furthermore, 
while lower level visual processing is carried out bilater-
ally, there is evidence that processing of the word form 
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becomes left lateralised at around the level of the left ven-
tral occipitotemporal cortex (vOT); this area of cortex in 
the left hemisphere has been shown to respond with high 
selectivity to visual word forms presented at any location 
in the visual field (Cohen et al., 2002).

In their model of word recognition, Ellis et al. (2009) 
specifically addressed the issue of how the two hemi-
spheres interact. They proposed that efficient recognition 
of a word is best supported when brain regions at the letter 
level (left middle/inferior occipital cortex) and word level 
(left mid fusiform gyrus, that is, vOT) engage in a state of 
mutual interaction. Ellis et al. argued that this kind of inter-
action could only occur between regions within the same 
hemisphere, and not between hemispheres; hence for LVF 
word input to engage such interactive processing it must 
first be transferred across the corpus callosum to left vOT. 
Similarly, Price and Devlin (2011) argued that reading a 
word requires interactions between occipital, vOT and 
higher-order phonological areas within the left hemi-
sphere; the latter send top-down predictions to vOT based 

on stored representations of familiar words. A schematic of 
these models is given in Figure 1. Overall, visual word 
form input in the LVF initially projected to the right hemi-
sphere must therefore be transferred to the left hemisphere 
for such higher order processing to occur. In this way, 
skilled reading can be seen to rely on efficient interhemi-
spheric interactions and callosal transfer.

Developmental dyslexia and 
interhemispheric processing

Dyslexia is a developmental reading disorder that involves 
severe and persistent difficulties with reading and spelling. 
It is widely considered to involve a core deficit in phono-
logical processing, in terms of mapping between ortho-
graphic inputs and phonological codes, that is, 
representations of speech sounds (Snowling, 2005). One 
neuropsychological theory of dyslexia proposes that these 
reading difficulties emerge as the result of disruption to the 
transfer of information across the corpus callosum; this is 
known as the interhemispheric deficit theory of dyslexia 
(Badzakova-Trajkov et al., 2005; Monaghan & Shillcock, 
2008; Orton, 1927). It has been reported that individuals 
with dyslexia show deficits on tasks which require inter-
hemispheric transfer, such as bimanual coordination and 
tactile transfer tasks (Daini et al., 2018; Moore et al., 1995). 
Structural differences in the corpus callosum have also 
been reported by multiple studies, although this evidence is 
not very consistent and likely varies across callosal sub-
regions (for a review, see Paul, 2011). An interesting paral-
lel has been drawn between dyslexia and the types of 
impairments shown by patients with agenesis of the corpus 
callosum, who are reported to show similar difficulties with 
phonological processing such as in rhyming (Banich & 
Brown, 2000). This evidence points towards the relevance 
of abnormalities in interhemispheric transfer to the phono-
logical and reading deficits shown in dyslexia.

The VHF method

The role of the two hemispheres in word recognition has 
been investigated behaviourally using the VHF method. 
This task requires participants to report words that are 
briefly presented to the right or left visual hemifield. 
Words presented to the RVF are typically reported faster 
and more accurately than words presented to the LVF 
(Hellige, 1993). This RVF-LVF advantage has been attrib-
uted to the fact that the representation of a word presented 
to the LVF/right hemisphere has to be relayed to the left 
hemisphere via the corpus callosum to be processed by 
left lateralised language areas, decreasing efficiency of 
processing (Zaidel et al., 1990). This interpretation is sup-
ported by research studying individual differences in lan-
guage lateralisation. Although the majority of individuals 

Figure 1.  Models of hemispheric interactions involved in 
word recognition. Schematic of the Ellis et al. (2009) and Price 
and Devlin (2011) models that propose interactions between 
different levels in the word recognition process within the 
left hemisphere. Ellis et al. argue that word recognition is 
supported by interactions between letter- and word-level 
representations. Price and Devlin propose that interaction 
is required between occipital (visual), occipitotemporal 
(orthographic), and higher-order (e.g., phonological) regions.
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show the typical pattern of left lateralisation for language, 
a minority (around 5%) show the reverse pattern of greater 
engagement of the right hemisphere during language pro-
cessing (Knecht et al., 2000). Critically, there is evidence 
that these individuals with atypical language lateralisation 
as measured by fMRI also demonstrate an atypical LVF 
advantage in VHF tasks, suggesting that this measure is 
indeed sensitive to an individual’s underlying organisa-
tion for language (Hunter & Brysbaert, 2008; van der 
Haegen et al., 2011).

A further effect that has been reported in VHF tasks is 
the phenomenon in which simultaneous presentation of 
identical word stimuli to the two visual hemi-fields results 
in significantly improved processing (increased accuracy 
and faster reaction times) compared to when only the RVF 
is stimulated (Hellige, 1993). This effect has been shown 
for consonant–vowel–consonant (CVC) syllables (Marks 
& Hellige, 2003) and words (Hasbrooke & Chiarello, 
1998; Mohr & Pulvermüller, 2002), but is absent for 
pseudo-words (Mohr et al., 2000, 2007). This “redundant 
bilateral advantage” is not always observed; for instance, 
Lindell et  al. (2003) and Lindell et  al. (2005) did not 
observe it, and it is unclear how far this effect depends on 
specific tasks or stimuli. Different accounts of the RBA 
have been proposed, some of which argue that the effect 
can occur without the need for interhemispheric transfer 
(e.g., “horse race” models; Miller, 1982) and others which 
attribute it to cooperative interactions between the hemi-
spheres (Mohr et al., 2007). The finding of an absence of 
this effect in a split brain patient however strongly sug-
gests it is dependent on an intact corpus callosum and thus 
interhemispheric communication (Mohr et al., 1994).

Aims of the current study: a 
replication

It is of interest then that Henderson et al. (2007) reported a 
significantly increased RVF-LVF difference and a signifi-
cantly reduced RBA on the VHF paradigm in dyslexic 
adults. Compared to controls, dyslexic participants showed 
both poorer LVF accuracy (resulting in a larger RVF-LVF 
difference, that is, a greater LVF cost) and a lack of the usual 
significant difference between accuracy for RVF words and 
bilaterally presented words. By contrast, when words were 
presented in top and bottom visual fields dyslexics showed 
the same redundant advantage as controls, suggesting that 
their failure to benefit from duplicate presentation relies on 
the need for interhemispheric transfer between the left and 
right visual fields. These findings were interpreted as evi-
dence for a dysfunction in callosal transfer in dyslexia, 
meaning that LVF input is less able to support good recogni-
tion alone or to provide a facilitatory effect when presented 
simultaneously with RVF stimuli. Henderson et al. proposed 

that the benefit of bilateral stimulation arises because the 
LVF input reaches left vOT while the RVF input is still 
being processed; this results in a temporal summation of the 
inputs to improve recognition. Extending this to the Ellis 
et al. (2009) model of word recognition, this temporal sum-
mation may result in more successful inducement of a state 
of interaction between letter level and word level areas in 
the left hemisphere. They suggested that the reduced bilat-
eral advantage in dyslexic participants may reflect slower or 
delayed interhemispheric transfer that means LVF input is 
not able to reach the left hemisphere in time to summate 
with RVF input. The aim of the current study is to replicate 
these findings of a larger LVF cost and reduced or absent 
RBA in dyslexic adults relative to typical readers, to address 
questions as to the processes underlying typical and impaired 
reading. Furthermore, we aimed to relate the sizes of the 
bilateral advantage and RVF-LVF difference scores to 
measures of word and non-word reading ability.

Method

This study was preregistered as a replication study on 
Open Science Framework (OSF) prior to commencement 
of data collection. This registration form along with the 
anonymised data and analysis scripts can be found on OSF 
at https://osf.io/4zdhf/.

Participants

Forty-seven individuals with a diagnosis of dyslexia (mean 
age: 23.53 years, range: 19–46 years, 7 left handed) and 43 
individuals without any diagnosis of language and/or read-
ing impairment (mean age: 21.87 years, range: 18-37 years, 
2 left handed) were recruited for this study. Participants 
were recruited predominantly from local institutes of 
higher education, either via disability services for recruit-
ment of the dyslexic group or via more general advertise-
ments for the control group. Inclusion criteria were English 
as a first language and an age of 18-50 years. Exclusion 
criteria were significant hearing loss, history of neurologi-
cal disease, head injury, or epilepsy. Individuals recruited 
for the dyslexic group all had a confirmed diagnosis of 
dyslexia, received either from a trained professional (e.g., 
educational psychologist) while at school (70.21%) or 
from the disability services at their university (29.87%). 
Most had received special help/learning support during 
their schooling (57.45%).

Ethical approval for this study was granted by the 
Medical Sciences Inter-Divisional Research Ethics 
Committee (IDREC) at the University of Oxford (approval 
number R56994/RE001). The experiment was undertaken 
with the understanding and written informed consent of 
each participant.

https://osf.io/4zdhf/
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Materials and method

Participants were given the Test of Word Reading 
Efficiency (TOWRE; Torgesen et  al., 1999) to obtain 
scores for word and non-word reading. This test requires 
participants to read as many words/non-words as they can 
within a period of 45 s. Participants also completed Tests 1 
and 2 of the Cattell Culture Fair Test (Cattell & Cattell, 
1973) to give a measure of non-verbal ability. These were 
administered to all participants except one dyslexic par-
ticipant whose VHF accuracy measures were nevertheless 
included in the data analysis. Mean performance on these 
tasks and mean age for each group are given in Table 1. 
The dyslexic group demonstrated significantly poorer per-
formance on the TOWRE than controls (Mann–Whitney 
U = 302.5, p < .001) and also on the Cattell (Mann–
Whitney U = 637.00, p = .005). There was also a significant 
difference in age between the groups (Mann–Whitney 
U = 673.00, p = .009). In subsequent analyses, we explored 
whether non-verbal abilities or age may have influenced 
our results, but this possibility was ruled out.

For the VHF task, the same method and task design as 
Henderson et al. (2007) was employed, with minor adjust-
ments. Stimuli were 180 five-letter words selected from the 
CELEX database; these consisted of lists of words combined 
from across multiple experiments reported in the Henderson 
et al. paper to increase the number of trials in the task from 
120 to 180. This was motivated by recommendations made 
by Hunter and Brysbaert (2008) who argued that at least 150 
trials are required to yield reliable results with the VHF para-
digm. Eighteen practise word stimuli were also used. For the 
main part of the task, 60 words were allocated to each visual 
presentation condition: RVF, LVF, or bilateral visual field 
(BVF) presentation. Within an experimental session, presen-
tation conditions were pseudo-randomly interleaved. Words 
were rotated around the three conditions to give six different 
orders of stimulus presentation; administration of these was 
counterbalanced across participants.

Each word was presented in upper case in Fixedsys font 
in size 18 point. They were presented on a 36.5 × 23-cm 
screen with a resolution of 1024 × 768 pixels, at a viewing 
distance of 60 cm kept constant by the use of a chin rest. 

The visual angle from the outer edge of the word to the 
fixation point was around 4.3 degrees, and from the inner 
edge of the word to fixation around 1.4 degrees; hence, 
words were presented in parafoveal vision (defined as 1.5–
5 degrees). The task was run using E-prime 1.1 software 
(Psychology Software Tools, Pittsburgh, PA) using a script 
identical to that used by Henderson et al. (2007).

A trial began with presentation of a central fixation cross 
for 400 ms. This was followed by presentation of the word 
stimulus/stimuli for 60 ms in one of the three presentation 
styles. For unilateral presentation trials, a series of 5 Xs 
were presented in the other visual hemifield to balance the 
visual presentation (see Figure 2). No mask was used fol-
lowing stimulus presentation, in keeping with the original 
method of Henderson et  al. (2007). Following stimulus 
presentation, participants were required to use the keyboard 
to type the previously presented word, and then press enter 
to start the next trial. Participants were instructed that they 
could correct any spelling or typing mistakes before press-
ing enter and to provide their best guess if they were unsure 
of the word. Scoring allowed for spelling and typing mis-
takes such that obvious errors were still counted as accurate 
responses (e.g., THEIF instead of THIEF).

Hypotheses and analysis plan

All analyses outlined in the following sections were carried 
out using R (R Core Team, 2019). An Rmd script to perform 
these analyses can be found on OSF (https://osf.io/4zdhf/).

Table 1.  Mean age and performance of each group on measures of reading and non-verbal ability.

Measure Controls Dyslexics

  M SD M SD

Age (years) 21.87 3.89 23.53 4.93
TOWRE word reading standard score 105.19 9.45 90.28 13.87
TOWRE non-word reading standard score 109.23 9.87 92.00 13.84
TOWRE overall standard score 109.21 10.04 89.30 15.45
Cattell non-verbal ability (score out of 24) 21.00 2.15 19.57 2.36

TOWRE: Test of Word Reading Efficiency; VHF: visual half field.
Values for the dyslexic group on these standardised tests are shown for n = 46 as one dyslexic participant who participated in the VHF task did not 
complete these.

Figure 2.  Schematic of stimulus display of target word and 
contralateral Xs.

https://osf.io/4zdhf/
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Preregistered analyses

We predicted that, in line with the findings from Henderson 
et  al. (2007), dyslexic adults would show a smaller 
difference between accuracy in the RVF and BVF condi-
tions compared with typically developed adults; this find-
ing would constitute a successful replication. To test this, 
we calculated for each individual the difference score 
between these two conditions (BVF-RVF), referred to as 
the RBA. We then used an independent groups t test to 
compare the magnitude of the RBA between the two 
groups. We predicted that the size of this difference would 
be significantly smaller in the dyslexic group than in the 
typically developed group. This analysis differs from the 
original analysis reported by Henderson et al. (2007). They 
used a 2 × 3 analysis of variance (ANOVA) to compare rec-
ognition accuracy between the two groups for RVF, LVF 
and BVF words and reported a main effect of group, a main 
effect of condition, and a significant group by condition 
interaction, indicating that dyslexics showed a smaller 
bilateral advantage than controls. However, this interaction 
effect was associated with a very small effect size of r = .08, 
meaning that power calculations based on such an analysis 
with this effect size gave unrealistically large sample sizes 
of 200 plus participants. We therefore planned to use this 
simpler t-test analysis with a more focused hypothesis to 
increase power (see Lazic, 2018, for a discussion).

This simpler analysis gave an effect size of 0.957 calcu-
lated from the data reported on by Henderson et al. (2007). 
G*Power software was used to calculate that 20 partici-
pants would be needed in each group to yield power of 0.9. 
However, as effect sizes can be overestimated in published 
studies particularly if they are under-powered (Button 
et al., 2013), we aimed to collect data on 30 participants in 
each group. These data were collected as part of a larger 
study, and by the end of the data collection period we had 
data from this task on 47 dyslexics and 43 controls.

Non-preregistered analyses

We also tested two further hypotheses that were not origi-
nally preregistered. First, we predicted that dyslexics 
would show poorer LVF performance compared with con-
trols; this constitutes an extension of the replication of the 
findings of Henderson et al. (2007) who reported that dys-
lexic LVF accuracy but not RVF accuracy was signifi-
cantly lower than in controls resulting in a greater 
RVF-LVF difference. Therefore, we tested this using 
t-tests to compare LVF accuracy and RVF accuracy 
between groups. All t-tests were Bonferroni corrected; as 
three t-tests were conducted, a corrected p value of .016 
was used. To test more directly for an increased LVF cost 
in dyslexia, this analysis was followed up by a multi-level 
mixed models analysis to test for a significant interaction 
between group and condition. Two random intercept 

models were compared: a null model with fixed effects of 
group and condition (with no interaction) and random 
effects of participant and stimulus, and a full model with 
the same fixed and random effects but with an interaction 
between group and condition. A likelihood ratio test was 
used to obtain a p value for the comparison between the 
full model and the null model.

Second, we predicted that the size of the RBA and RVF-
LVF difference scores would correlate with measures of 
word and non-word reading performance as assessed by 
the TOWRE. Increased efficiency of interhemispheric 
transfer would be indexed by a small RVF-LVF difference 
and large RBA. Thus, assuming efficient interhemispheric 
transfer is beneficial for reading, we predicted a negative 
correlation for word and non-word reading scores with 
RVF-LVF difference scores, but a positive correlation with 
the size of the RBA. It should be noted that although these 
advantage measures were most relevant for the current 
hypothesis, the use of difference scores in analyses has 
been critiqued due to the unreliability of such difference 
scores compared to the reliability of the base measures 
used to calculate them (Thomas & Zumbo, 2012). The 
results of these analyses should therefore be interpreted 
with caution.

Henderson et al. (2007) only included left-handed par-
ticipants, whereas our sample comprised both right and 
left-handers, as VHF data were collected as part of a larger 
study. To rule out handedness as a potential confound in 
our analyses, we therefore re-ran the group comparisons 
excluding left-handers.

Results

Preregistered analysis: replication of comparison 
of RBA in dyslexics and controls

Means and standard deviations for each VHF condition can 
be found for each group in Table 2 along with their mean 
RBA and RVF-LVF difference scores. Percentage accuracy 
for each condition is plotted in Figure 3 and given in Table 
3; these show both the data reported on by Henderson et al. 
(2007) and the current study. Five controls and one dyslexic 
participant in our sample failed to demonstrate the typical 
RVF-LVF advantage (LVF and RVF scores were either 
identical or greater for LVF than RVF). Handedness could 
not explain this individual variability in the presence of the 
RVF-LVF advantage, because all left-handers demon-
strated a positive RVF-LVF difference.

RBA scores for each group can be seen in Figure 4. To 
first confirm that a significant RBA was observed in our 
data, we used a one-sample t test on the RBA scores of the 
control group. This confirmed that these scores were sig-
nificantly different from zero, t(42) = 6.08, p < .001, and 
therefore a robust RBA effect was observed in control par-
ticipants. Our first preregistered analysis of interest was to 
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then compare the RBA scores between control and dyslexic 
groups. An independent samples t test found no significant 
difference in the size of the RBA between groups, 
t(88) = .859, p = .393. Thus, we did not replicate the finding 
of a reduced bilateral advantage in a dyslexic sample com-
pared to controls. This result was unchanged if only right-
handers were included in the analysis. As neither age nor 
Cattell score correlated with RBA scores, group differences 
in these variables are unlikely to have affected this result.

Non-preregistered exploratory analyses

We conducted an additional non-preregistered analysis to 
replicate the second analysis done by Henderson et  al. 

(2007), comparing LVF and RVF accuracy between 
groups, with the hypothesis that the former and not the lat-
ter will be significantly different. An independent t test 
found a significant difference between groups for the LVF 
condition, with dyslexics showing lower accuracy than 
controls, t(88) = 2.95, p = .004, d = 0.62. As RVF accuracy 
data were found to be non-normal, this was compared 
between groups by means of a Mann–Whitney U test. This 
did not find a significant difference between groups at the 
Bonferroni corrected p value (Mann–Whitney U = 720.5, 
p = .019, r = .247). Therefore, we replicated Henderson 
et al.’s (2007) finding of poorer performance of dyslexics 
for LVF presented words, that is, an increased LVF cost.

To test more directly for an increased LVF cost in dys-
lexia, we used a multi-level mixed model analysis to test 
for a significant interaction between group (control vs. 
dyslexic) and condition (RVF vs. LVF) on accuracy scores. 
A likelihood ratio test was used to compare a null model 
with fixed effects of group and condition (with no interac-
tion) and random effects of participant and stimulus, with 
a full model with the same fixed and random effects but 
with an interaction between group and condition. This 
found that the full model provided a better fit to the data, 
χ2(1) = 18.50, p < .001. This result was unchanged when 
excluding left-handed participants. Thus, a significant 
interaction was found between condition and group in 

Table 2.  Mean accuracy (and SDs) out of 60 on VHF measures for the control and dyslexic groups.

Group LVF accuracy RVF accuracy BVF accuracy RVF-LVF difference Redundant bilateral advantage

Controls 34.65
(SD = 10.49)

47.02
(SD = 7.41)

51.86
(SD = 5.51)

12.37
(SD = 11.39)

4.84
(SD = 5.21)

Dyslexics 27.74
(SD = 11.64)

43.91
(SD = 7.16)

47.74
(SD = 7.12)

16.17
(SD = 9.45)

3.83
(SD = 5.85)

VHF: visual half field; LVF: left visual field; RVF: right visual field; BVF: bilateral visual field.

Figure 3.  Accuracy data reported from the original study by Henderson et al. (2007) and our study. Plots show individual and 
mean accuracy scores (as percentage accuracy) for each visual hemifield condition in the two groups. Boxes indicate 95% confidence 
intervals. Note that data for the Henderson study is given for n = 18 in each group, as data for the full groups reported on in the 
paper were not available. CON: control group; DYSL: dyslexia group.

Table 3.  Percentage accuracy in the two groups across the 
three visual half-field conditions for Henderson et al. and the 
current study.

Study Dyslexics Controls

LVF RVF BVF LVF RVF BVF

Henderson et al.
(n = 44)

53% 72.7% 72% 68% 80.7% 92%

Bradshaw et al.
(n = 90)

46% 73% 79.6% 57.7% 78.4% 86.4%

LVF RVF: right visual field; BVF: bilateral visual field.
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which the dyslexic group demonstrated a greater differ-
ence between LVF and RVF conditions than the control 
group. As can be seen in Figure 3, this larger RVF-LVF 
difference was driven by poorer performance in the LVF 
condition, rather than better performance for RVF words; 
this thus supports the idea of an increased LVF cost in 
dyslexia.

Furthermore, we ran exploratory analyses to investigate 
the relationship between TOWRE word and non-word 
reading standard scores and the RBA and RVF-LVF differ-
ence scores. Pearson’s correlations found no significant 
relationship between TOWRE word reading standard 
scores and either the RBA (r = .002, p = .984) or RVF-LVF 
difference scores (r = –.102, p = .341). Similarly, no signifi-
cant correlations were found between TOWRE non-word 
reading standard scores and either the RBA (r = –.029, 
p = .784) or RVF-LVF difference scores (r = –.072, 
p = .503).

Discussion

Summary of results

This study aimed to use the VHF paradigm to replicate 
the finding of a reduced RBA in dyslexic adults com-
pared with controls. Although a RBA was observed, we 
failed to replicate the significant difference between the 
size of this advantage in dyslexics and controls. We did 

however replicate the finding of an increased RVF-LVF 
difference in dyslexics compared to controls. This was 
driven by significantly worse performance of the dyslex-
ics on the LVF condition as previously reported in a 
right-handed only sample by Henderson et  al. (2007), 
and so could be more accurately termed an increased 
LVF cost in dyslexia (we will use this term for the 
remainder of the “Discussion”). Therefore, our results 
provide partial support for the hypothesis of impaired 
interhemispheric transfer in dyslexia, but suggest that 
the nature of this impairment does not necessarily inter-
fere with the bilateral advantage. Correlation analyses 
found that neither word nor non-word reading scores 
were significantly correlated with either the RVF-LVF 
difference or bilateral advantage scores.

Poorer LVF accuracy in dyslexia

The main pattern observed in the performance of the dys-
lexic group was a particular difficulty with words pre-
sented in the LVF. In contrast, accuracy for RVF words did 
not differ from that of controls. This replicated Henderson 
et al.’s (2007) finding, who also reported an increased LVF 
cost associated with dyslexia in their sample of right-hand-
ers. This pattern of a specific difficulty with LVF words is 
consistent with the interhemispheric deficit theory of dys-
lexia. According to models of reading (Ellis et al., 2009; 
Price & Devlin, 2011), accurate recognition of LVF words 

Figure 4.  Pirate plots showing mean and individual data points for bilateral advantage and RVF-LVF difference scores in the two 
groups, from the original Henderson et al. study and the current study. Shaded boxes indicate 95% confidence intervals. Note 
that data for the Henderson study is given for n = 18 in each group, as data for the full groups reported on in the paper were not 
available. CON: control group; DYSL: dyslexia group.
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requires transfer of this visual input across the corpus cal-
losum to access left lateralised processing circuits involv-
ing reciprocal interactions between the letter, word, and 
phonological levels. Impairment in the transfer of this LVF 
input across the corpus callosum would therefore prevent 
access to this more efficient mode of processing, meaning 
word recognition has to rely on more basic and perhaps 
more serial letter-by-letter processes in the right hemi-
sphere (Ellis et al., 2009).

The idea that dyslexic readers struggle particularly with 
reading word forms presented in their LVF is also sup-
ported by eye tracking research. Kelly et al. (2004) studied 
eye movements in dyslexics and controls during reading of 
sentences and found that dyslexics showed (1) more fixa-
tions to the left (i.e., at the beginning) of words and (ii) 
shorter fixation durations when fixating on the beginning 
of words than their centre. They interpreted this bias for 
more leftward fixations as a strategy employed by dyslexic 
readers to ensure most letter information in a word is 
directly projected to the left hemisphere to avoid the need 
for callosal transfer. Such patterns in eye movements could 
constitute a compensatory mechanism for the disrupted 
transfer of LVF input to the left hemisphere as suggested 
by our findings.

The LVF cost in dyslexia may also be interpreted within 
the SERIOL (sequential encoding regulated by inputs to 
oscillations within letter units) model of word reading 
(Whitney, 2001; Whitney & Cornelissen, 2005). This com-
putation model aims to specify how word recognition 
occurs, from early retinotopic visual processing, via 
abstract feature, letter and bigram representations, to lexi-
cal word form representations. Of particular relevance to 
our study is the way in which the early retinotopic activa-
tion is transformed into serial abstract letter encoding. The 
retinotopic activation is characterised by an acuity gradi-
ent, where the most central retinal locations are activated 
most strongly. To attain the left-to-right serial order of the 
abstract lexical representation, the acuity gradient in the 
LVF/right hemisphere has to be reversed. The model 
achieves this gradient inversion by strong left-to-right lat-
eral inhibition in the right hemisphere. Whitney and 
Cornelissen (2005) argue that this inversion is a reading-
specific skill, and that a failure to acquire it may result in 
developmental dyslexia. This mechanistic explanation of 
dyslexia would predict that participants with dyslexia 
would perform more poorly on reading words in the LVF, 
as we have observed here; however, a study of letter iden-
tification with consonant triads presented to the left or 
right visual fields failed to find the three-way interaction 
between hemifield, letter position, and group that would be 
predicted by the SERIOL model (Callens et al., 2013). The 
study by Callens et al. had only 20 participants per group 
and has not (to our knowledge) been replicated; but taken 
at face value, their results suggested that inversion of the 
acuity gradient was not the origin of reading problems in 

dyslexia, and that the LVF cost may occur at the word level 
and not for letter reporting alone.

These results may also be interpreted in the light of 
studies showing impaired visual attention in dyslexia. 
There is a substantial literature on attention impairments in 
dyslexia (e.g., Bosse et al., 2007; Hari & Renvall, 2001; 
Valdois et al., 2004; Vidyasagar & Pammer, 1999). Some 
studies indicate that the visual attention deficit may be 
asymmetrical, affecting the LVF more than the RVF. For 
example, Hari and colleagues describe left hemifield 
“minineglect” in adults with dyslexia, who show LVF defi-
cits in non-verbal tasks such as temporal order decisions or 
line motion illusions (Hari, 2001). Similarly, Facoetti and 
colleagues reported mild LVF inattention and RVF over-
distractability in children with dyslexia (Facoetti et  al., 
2001; Facoetti & Molteni, 2001; Facoetti & Turatto, 2000). 
It has been speculated that these results may indicate a 
minor deficit in the right parietal lobe in dyslexia (Hari & 
Renvall, 2001). This asymmetric visual attention theory 
could provide an alternative explanation for the LVF cost 
observed here, as it would predict that words presented in 
the LVF would be less attention grabbing, and more prone 
to distraction from the “XXXXX” stimulus presented in 
the contralateral (right) visual field.

Interestingly, there is evidence that dyslexic partici-
pants may show the reverse pattern of heightened hemi-
field preferences when the task is right lateralised. Daini 
et  al. (2018) measured performance of dyslexic children 
on an orientation matching task where a picture pair with 
either matching or discrepant orientations was presented to 
either the right or left visual field. In control participants, 
this task was found to involve an LVF advantage, indica-
tive of right lateralisation. Dyslexic participants demon-
strated an increased LVF-RVF difference due to a specific 
difficulty with RVF stimuli, consistent with an impairment 
in the transfer of RVF input to the specialised right hemi-
sphere. This increased “RVF cost” represents a parallel to 
the increased LVF cost reported in the current paper. 
Furthermore, such a pattern has also been reported in split 
brain patients, who showed a larger RVF cost for this ori-
entation matching task (Corballis et al., 2010). It is worth 
noting that neither the SERIOL model nor the visual atten-
tional account can explain the RVF cost in dyslexia for this 
non-verbal task. Together with the present findings, this 
therefore suggests that dyslexia involves a general impair-
ment in the transfer of visual information across the corpus 
callosum, regardless of the required direction or the stimu-
lus domain.

To integrate these two sets of findings, it would be of 
interest to measure behavioural asymmetries for both 
right- and left-lateralised tasks within the same partici-
pants (both typical and dyslexic) to establish that these 
demonstrate correspondence at the individual level. 
Specifically, one would predict that individuals who dem-
onstrate a larger LVF cost for word stimuli as in the current 
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method should also show a larger RVF cost for non-verbal 
stimuli as in the method used by Daini et al. This would 
support the idea that these measures from the two types of 
task are sensitive to the same underlying construct, 
assumed to be efficiency of interhemispheric transfer.

Failure to replicate a reduced RBA in dyslexia

More puzzling however is why such a deficit in interhemi-
spheric transfer suggested by poorer LVF performance 
was not apparent in performance for bilateral presentation 
in the dyslexic group. When interpreting their findings, 
Henderson et al. (2007) suggested that the absence of the 
bilateral advantage in dyslexics may be due to issues in the 
timing of interhemispheric transfer; that is, the LVF input 
may not reach the left hemisphere in time to summate with 
the RVF input and “boost” processing. An alternative view 
would be that interhemispheric transfer is not slower but 
instead degraded such that the representation of the LVF 
word form transmitted to the left hemisphere is of poor 
quality. Such a scenario was in fact induced in typical 
readers in an experiment in the Henderson et  al. (2007) 
paper. Here, RVF input was presented simultaneously with 
a degraded version of the same word in the LVF in the 
form of a word fragment consisting of the first and last let-
ters of the word (e.g., c–n for coin). This bilateral presenta-
tion was sufficient to induce a bilateral advantage in the 
controls; however, lateralised presentation of the word 
fragment alone did not allow for its successful recognition. 
In light of our findings, one might suggest that the bilateral 
advantage demonstrated in our dyslexic group could be 
supported by a similar process of integration of degraded 
LVF input (due to faulty interhemispheric transfer rather 
than stimulus manipulation) with full-word RVF input. 
That is, this LVF input can arrive in time to summate with 
the RVF input and result in a bilateral advantage, but is 
degraded in quality and so insufficient by itself to support 
accurate word recognition (resulting in an increased LVF 
cost).

These two models of the nature of the deficit in inter-
hemispheric transfer in dyslexia should be further tested 
against each other. The latency of interhemispheric trans-
fer times (IHTTs) can be measured using event-related 
potentials (ERPs) to record the delay between a particular 
ERP component evoked in the contralateral hemisphere by 
a word stimulus and that evoked in the ipsilateral hemi-
sphere. This method has been used to demonstrate a direc-
tional asymmetry in controls in which transfer of verbal 
material is faster from the right hemisphere to the left than 
vice versa (Brown et al., 1994). Using this method, Martin 
et al. (2007) reported an absence of this asymmetry in dys-
lexic participants, who instead showed balanced latencies 
for transfer of visual word information in both directions. 
However, while overall IHTTs were reported as “margin-
ally shorter” in controls than dyslexics, this did not reach 

statistical significance in their small sample (10 partici-
pants per group) and therefore should not be interpreted as 
evidence for slower callosal transfer in dyslexia.

Methodological differences between the studies

The failure to replicate the group difference in the bilat-
eral advantage reported by Henderson et al. (2007) could 
simply indicate that this previous finding was a false 
positive which our higher powered study was able to 
avoid. The relatively small number of participants in the 
Henderson et al. study suggests that sampling error could 
well be responsible for the discrepancy in findings. 
Nevertheless, it is important to examine any potential 
methodological differences between our study and 
theirs. Figure 3 and Table 3 reveal that performance of 
our control participants across the three conditions was 
slightly reduced compared to that of the controls reported 
on by Henderson et al.; furthermore, our bilateral advan-
tage was slightly smaller (around 8% vs. 12%). This 
lower accuracy is puzzling given that the same task was 
administered using the same script to very similar groups 
of participants. The key difference between our proce-
dures was in the number of trials, with our study increas-
ing this from 120 to 180 in line with recommendations 
from Hunter and Brysbaert (2008). This increase in the 
number of measurements taken would have further 
increased the power of our design to detect group 
differences.

The make-up of our dyslexic and control groups was 
similar to those of the original study in age, student status, 
and performance on the same measure of reading and non-
word reading ability. Our data did however show a higher 
level of individual variability in accuracy scores than that 
reported by Henderson et al. (2007), with higher standard 
errors for each condition in both groups. VHF data are 
often characterised by a high level of individual variabil-
ity, which has led many to argue that behavioural methods 
are too noisy to provide reliable measures (Hunter & 
Brysbaert, 2008; Voyer, 1998). Despite this, however, a 
recent study demonstrated that the majority of effects at 
the group level reported in the VHF literature do replicate 
in well powered studies (Brederoo et al., 2019). This sug-
gests that VHF paradigms do yield robust and reliable 
group effects, despite their potential for high individual 
variability.

The current study did deviate from the methods of the 
original Henderson et  al. study in its inclusion of left-
handed participants. However, removing these left-handed 
participants did not affect the outcome of any of the analy-
ses, and therefore this difference cannot explain the failed 
replication. It should be noted that in our sample there was 
no correspondence between handedness and the presence 
of an RVF-LVF advantage: In fact, all participants with an 
LVF advantage were right handed.
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The experimental task used by Henderson et  al. does 
deviate from standard design in VHF paradigms in a num-
ber of ways. Typically, VHF tasks require participants to 
verbally report the presented word, thus allowing for reac-
tion times to be measured as well as accuracy. In contrast, 
the current task required participants to type the word after 
presentation in a non-timed fashion. This lack of a response 
time measure seems somewhat counterintuitive with 
regard to the theory being tested, as one might assume that 
the effects of inefficient callosal transfer would be most 
evident in slower response times. However, other studies 
of the bilateral advantage have reported this effect for both 
reaction time and accuracy measures (Mohr et al., 2007; 
Mohr & Pulvermüller, 2002). Furthermore, a very short 
stimulus presentation of 60 ms was used, much shorter 
than the 150 ms presentation reported as standard by 
Hunter and Brysbaert (2008). Other studies with this para-
digm have also used picture stimuli rather than written 
word stimuli, which could make the task easier for dys-
lexic participants (Hunter & Brysbaert, 2008). Given that 
this was a replication study, these design parameters were 
kept identical to the original study, but future work might 
consider systematically assessing the effects of such 
parameters.

Limitations of the study

One key criticism of the methodological design of the task 
used by Henderson et al. and the current study is the lack 
of direct control over the location of participants’ eye fixa-
tion locations during the tasks. Concerns over the extent to 
which participants adhere to instructions to fixate centrally 
have been raised; indeed when eye movements are moni-
tored with eye-tracking, it is often reported that partici-
pants fail to maintain central fixation (Jordan et al., 1998; 
van der Haegen et al., 2011). This is a concern for a para-
digm which fundamentally relies on the assumption of 
central fixation and thus isolated presentation of stimuli to 
each hemisphere. However, others have reported more 
reassuring findings that such deviations from central fixa-
tion do not in practice affect measurement of key effects. 
The addition of eye-position contingent stimulus presenta-
tion has been reported to have no effect on the RVF-LVF 
advantage (Jordan et al., 1998) or on the related optimal 
viewing position curve (van der Haegen et al., 2010), and 
importantly does not improve correspondence with lateral-
ity measurements from fMRI (van der Haegen et al., 2011). 
To our knowledge, however, no study has used eye-track-
ing when measuring the RBA effect; this would be useful 
to validate the presence of the effect when fixation loca-
tion is controlled.

A further potential criticism of the current design relates 
to the presentation of strings of Xs to the VHF contralat-
eral to the target stimulus on unilateral trials. This is rec-
ommended for use in VHF methods so as to visually 

balance the stimulus array to discourage spontaneous eye-
movements towards the target (Hunter & Brysbaert, 2008). 
However, others have suggested that such contralateral 
perceptual distractors may interfere with processing of the 
target and so impair recognition performance (Chu & 
Meltzer, 2019; Fernandino et  al., 2007). Unilateral trials 
may thus require greater attentional resources to selec-
tively attend to the target word in the face of such interfer-
ence. Viewed in this way, the so called RBA observed 
when comparing “unilateral” and redundant bilateral trials 
could in fact reflect a unilateral disadvantage. It is possible 
therefore that differences in the findings between the cur-
rent study and that of Henderson et  al. could be due to 
differences in the extent of attentional difficulties in the 
two samples. It should be noted, however, that the bilateral 
advantage effect has been demonstrated in a number of 
studies that did not use contralateral Xs during unilateral 
trials (Hasbrooke & Chiarello, 1998; Mohr et  al., 2000, 
2007; Mohr & Pulvermüller, 2002).

Future directions

To move forward, the interhemispheric deficit hypothe-
sis of dyslexia needs clarification as to what aspect of 
interhemispheric communication is affected. The corpus 
callosum is a heterogeneous structure with distinct sub-
regions that are involved in the transfer of different types 
of information at different levels of processing. For this 
theory to develop, it will be important for it to take into 
account what is known about the topography of the cor-
pus callosum. Rather than assuming a global deficit in 
interhemispheric transfer, dyslexia could involve dys-
function in specific callosal segment(s) leading to dis-
ruption to the transfer of specific types of information. 
Specifying such details would enable more effective 
testing of the predictions of the theory, such that differ-
ent aspects of interhemispheric transfer beyond that of 
visual information can be probed in dyslexia in the con-
text of falsifiable predictions.

Such predictions could be tested using a task developed 
by Banich and Belger (1990), in which participants make 
match/mismatch decisions that require comparing across 
two items. Stimulus presentation is manipulated such that 
there is either a need for interhemispheric transfer (across-
hemisphere trials, that is, one item presented to each hemi-
sphere) or no need (within-hemisphere trials, that is, both 
items presented to the same hemisphere). One can then 
compare accuracy or speed of performance between these 
types of trials to determine which mode of processing is 
more advantageous. It is generally found that within-hem-
isphere processing is more advantageous for simple tasks 
(e.g., perceptual letter matching, A and A), whereas perfor-
mance is better for across-hemisphere trials for complex 
tasks (e.g., identity letter matching, A and a) (Hughes 
et al., 2016; Weissman & Banich, 2000). It is proposed that 
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the benefits of increased computational power associated 
with cooperative interhemispheric processing outweigh 
the costs of requiring interhemispheric transfer only when 
the task is sufficiently complex. Assuming a deficit in 
interhemispheric transfer in dyslexia, one might predict 
that dyslexic participants would show better performance 
for within-hemisphere trials than between-hemisphere tri-
als regardless of task complexity. This paradigm would 
further allow for testing of whether such a theorised pat-
tern of performance in dyslexia is domain specific (e.g., 
specific to written word forms/letters) or seen across dif-
ferent types of stimuli (e.g., digits, pictures), to refine the 
interhemispheric deficit hypothesis. Indeed, this paradigm 
was used in the study by Daini et al. (2018) to demonstrate 
an increased RVF cost for non-verbal picture stimuli in 
dyslexic participants as previously discussed, suggesting 
the hypothesised impairment in interhemispheric transfer 
may be domain general.

Finally, one must consider that rather than being a cause 
of dyslexia, any theorised differences in interhemispheric 
transfer could instead be a consequence of poor acquisition 
of reading skill. In a study of adult illiterates, learning to 
read as an adult was found to be associated with increased 
white matter in the splenium of the corpus callosum 
(Carreiras et al., 2009), suggesting that acquisition of read-
ing skill may itself drive development of more efficient 
interhemispheric transfer. Thus, although the present 
results provide support for an association between weaker 
interhemispheric transfer and dyslexia, they cannot shed 
light on the direction of causality within this relationship. 
Further work on the interhemispheric deficit hypothesis of 
dyslexia should seek to address this.

Summary and conclusion

This study highlights the importance of replication studies 
to ensure that a significant effect frequently cited in the lit-
erature is a true effect. We found that while an increased 
LVF cost in dyslexic participants does provide support for 
the interhemispheric deficit theory of dyslexia, our failure 
to replicate a reduced RBA in dyslexia does not. This pat-
tern may, however, reflect the type of disruption to inter-
hemispheric transfer in dyslexia, being more consistent 
with a model of degraded transfer of LVF word input to the 
left hemisphere than slow callosal transfer. This proposal 
should be further investigated by studies explicitly designed 
to test the predictions of the two models. Further work is 
also needed to refine the interhemispheric deficit theory of 
dyslexia, to generate more specific testable hypotheses as 
to which aspects of interhemispheric transfer are affected.
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