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Reading begins 
with listening

Reading is often assumed to be a skill 
that only begins on the page, with 
children learning to recognise letters, 
words, and sentences. In reality, reading 
builds on systems that develop much 
earlier, especially the brain’s ability to 
organise the sounds of language. This 
ability is called phonological processing: 
the way the brain recognises, stores and 
uses the sound structure of language, 
including speech sounds, syllables, and 
word forms. When children learn to read, 
they steadily learn that written symbols 
are linked to these speech sounds. This 
supports decoding, meaning the ability 
to use letter-sound connections to read 
unfamiliar words. Over time, stronger 
phonological processing helps children 
read familiar words more fluently and 
build reading comprehension.

When this sound-based system is less 
efficient, learning to read can become 
much harder. This is one of the core 
difficulties in developmental dyslexia, a 
neurodevelopmental learning difficulty 
that affects accurate and fluent word 
reading and spelling, despite adequate 
intelligence, education, and sensory 
abilities. Dyslexia is more than a problem 
of letters on a page. Many children with 
dyslexia struggle to build stable links 
between written symbols and speech 
sounds. As a result, reading may remain 
slow, effortful, or inaccurate, even when 
the child understands language well and 
has access to appropriate instruction.

Dyslexia and the  
2 hemispheres

At the neural level, reading relies on 
complementary networks across both 
hemispheres, although skilled reading 
and phonological processing are usually 
strongly left-lateralised in right-handed 
individuals. Left temporoparietal regions, 
together with inferior frontal areas, 
support the mapping between written 
symbols and speech sounds, helping 
children recognise words fluently. In 
children with dyslexia, this typical 
pattern of left-hemisphere dominance 
is often reduced or disrupted. Instead of 
a clear left-hemisphere dominance for 
phonological processing, neuroimaging 
studies often report weaker activation 
in left-hemisphere reading regions and 
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Understanding how the brain co-ordinates phonological processing 
across its 2 hemispheres may open new routes for dyslexia 
intervention. Using EEG neurofeedback, this research takes a careful 
step towards a personalised therapeutic pathway.

Figure 1: Dichotic listening and interhemispheric transfer: 2 different syllables are presented simultaneously, 
1 to each ear (e.g. /pa/ and /ta/)/ Left-ear input must be transferred from the right hemisphere (RH) to the 
left hemisphere (LH) through interhemispheric connectivity via the corpus callosum (CC), whereas right-ear 
input has stronger access to the LH, contributing to faster transfer of information.

more atypical or bilateral patterns of 
brain activity.

Evidence suggests that this reduced left-
hemisphere dominance for phonological 
processing can be observed even 
before formal reading instruction. To 
compensate for this, children with 
dyslexia may recruit relatively preserved 
right-hemisphere control systems. 
However, we hypothesise that this right-
hemisphere support can only be useful if it 
can effectively communicate with the left-
hemisphere system. This communication 
between the 2 sides of the brain is called 
interhemispheric connectivity, and it is 
largely supported by the corpus callosum. 
If this connectivity is inefficient, the 
preserved right hemisphere may not be 
able to properly support the weaker left-
hemisphere phonological network.

Why interhemispheric 
connectivity matters

This makes interhemispheric connectivity 
a key mechanism for understanding 
‘hemispheric rebalance in dyslexia, 
i.e. the increase of activation in both 
hemispheres (including the impaired 
left hemisphere), to help individuals 
with dyslexia to compensate for the 
complexity of reading or speech-sound 
processing tasks.

Here, we are moving beyond viewing 
dyslexia solely as a left-hemisphere 
phonological difficulty and asking whether 

strengthening co-ordination between 
the 2 hemispheres and promoting an 
‘hemispheric rebalance’ could support 
weak left-hemisphere functioning and, 
potentially, restore stronger activation 
in this hemisphere. With this system, 
we aim to take one step towards future 
neurofeedback-based interventions that 
could add to existing dyslexia support, 
especially for children who do not benefit 
enough from current approaches.

Using dichotic listening 
to study and improve 
hemispheric rebalance

To study this hemispheric rebalance, 
we use dichotic listening. In this task, 
2 competing syllables are presented 
simultaneously, 1 to each ear. It has 
been reported that in most right-handed 
listeners, speech sounds presented to 
the right ear are reported more easily 
because they have a more direct route 
to left-hemisphere phonological regions 
compared to sounds presented to the 
left ear. These are first processed by the 
right hemisphere and then need to cross 
through the corpus callosum to the left 
hemisphere to be reported by the listener 
(Figure 1).

This makes left-ear report a useful 
behavioural window into interhemispheric 
transfer. If transfer from the right to 
the left hemisphere is inefficient, left-
ear stimuli are more likely to be missed 
or delayed. If communication between 

Developing child-friendly 
EEG neurofeedback for 
phonological processing in 
developmental dyslexia
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helping children with developmental dyslexia 
respond more effectively to speech therapy.
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hemispheres becomes more efficient, 
left-ear report may improve, and the 
usual right-ear advantage may be 
reduced. For the project, this behavioural 
pattern is treated as one possible 
marker of hemispheric rebalance during 
phonological processing; therefore, 
dichotic listening provides a simple but 
very powerful tool to study hemispheric 
rebalance and connectivity during 
phonological processing.

Measuring timing with EEG

To view the corresponding neural 
mechanism and move from 
behaviour to the brain, we use 
electroencephalography, or EEG, a non-
invasive method that records the brain’s 
electrical activity via electrodes placed 
on the scalp. EEG provides real-time 
insight into brain activity, allowing us to 
track how the brain responds to sounds 
across different scalp regions. This 
temporal aspect is critical, as reading 
and speech perception depend on the 
rapid co-ordination of information, 
and small latency differences in neural 
responses between hemispheres may 
reveal how efficiently phonological 
information is transferred.

To understand these neural response 
latency differences across hemispheres 
during dichotic listening, we focus on 
an early auditory neural response which 
occurs around 100 milliseconds after a 
sound or in this case, when the syllable 
is heard, known as the N100/N1 event-
related response. In EEG, such responses 
are known as event-related potentials 
(ERPs), which are brain responses that 
are time-locked to a specific event, such 
as hearing a sound.

During dichotic listening, we could 
measure this N100 over both the 
left and right hemisphere electrodes 
and measure their latency difference: 
usually, left hemisphere responses will 
show faster and stronger responses than 
those of the right hemisphere in this 
context. Here, our key measure that we 
will try to improve is ΔLatency (or ΔLat), 
defined as the supposedly longer latency 
of the N100 response recorded in the 
right hemisphere minus the supposedly 
shorter latency of the N100 response 

recorded in the left hemisphere. So 
ΔLat could help us understand how 
strong the hemispheric connectivity is 
and how efficiently (i.e. how fast) the left 
and right hemispheres are working. With 
this rationale, we predict that a smaller 
and more stable ΔLat, together with 
faster response latencies in both the 
left and the right hemispheres, reflects 
stronger interhemispheric transfer and 
hemispheric rebalance.

From brain signal to 
neurofeedback

Our goal is not only to use these neural 
signals for measurement but also for 
training. This is where neurofeedback 
becomes relevant. Neurofeedback is 
a training technique in which, during a 
task, a predefined neural signal (e.g. EEG 
power, connectivity, or an ERP latency) 
is measured in real time and converted 
into a simple visual or auditory cue. 
Participants learn to self-modulate that 
signal because the feedback gets better 
when the signal moves in the desired 
direction, reinforcing the target brain 
pattern.

The purpose is to create a learning 
environment for the child in which the 
brain receives immediate feedback 
on its own activity, and in this case, 

connectivity across hemispheres and 
their activation.

The long-term aim is to use EEG-based 
neurofeedback to help the brain achieve 
a more efficient hemispheric rebalance 
during phonological processing and 
show that this leads to improved 
phonological and reading skills in 
individuals with dyslexia. We are building 
the neurofeedback pipeline so that ΔLat 
in response to single dichotic syllables 
can be detected reliably and extracted 
to send a real-time derivative feedback 
target on the screen. This will help us 
develop a child-friendly visual display in 
the form of a video game. The feedback 
will use this video game as a medium to 
guide the child in self-regulating their 
brain signals and thus achieve a more 
balanced hemispheric pattern that can 
support a more efficient compensation 
of phonological and reading difficulties 
(Figure 2). 

From concept to feasibility

The most important question that 
remains is whether our neurofeedback 
system is feasible and whether it 
could be adequate for children with 
developmental disabilities. Could 
we use this intervention for the 
benefit of children with dyslexia? 

To understand and answer these 
questions, we are implementing a 
study split into 2 phases. Each phase 
tests the efficiency of our system on 
neurotypical developing individuals 
before it is applied to children with 
developmental dyslexia later.

Phase 1 tests the EEG and feedback 
components individually and the 
pipeline using healthy adults and 
children as subjects. Before using the 
system for closed-loop neurofeedback 
training, we need to ensure that each 
component works reliably. This means 
checking whether the EEG captures 
clear neural responses, whether the 
system can detect the N1/N100 
response and calculate ΔLat accurately 
and the temporal accuracy of the 
feedback loop. The conceptual idea 
behind this neurofeedback approach 
is to provide feedback after each 
stimulus presentation, which is why 
we are developing a single-trial EEG-
neurofeedback system.

Our Phase 2 tests the complete closed-
loop neurofeedback performance on 
children. This is a critical stage that 
will help us understand the children’s 
experience with our system. We want 
our feedback system not only to be 
scientifically valid, but also practical, 
comfortable, and understandable for a 
child user. This means testing whether 
children can tolerate the EEG setup, 
remain engaged during the task, and 
receive feedback in a simple form 
without being distracted or stressed. 
Building the method in this way is more 
essential before any future therapeutic 
claims can be made.

Building a pathway towards 
personalised dyslexia 
intervention

A major challenge in dyslexia research 
is that children with reading difficulties 
do not all have the same underlying 
profile. Some may struggle mainly 
with phonological awareness, while 
others with auditory attention, timing, 
fluency, or other cognitive difficulties. 
This variability may somewhat explain 
why some children respond well to 
standard interventions, while others 
continue to struggle despite receiving 
appropriate support.

The long-term value of our work lies 
in its potential to make intervention 
more targeted and personalised. By 
linking behavioural measures with 
real-time EEG markers of hemispheric 
co-ordination, this approach could 
help identify which neural processes 
are most relevant for each child and 
whether they can be targeted through 
carefully designed neurofeedback 
training. The current stage is therefore 
not an endpoint, but a necessary step 
towards future studies that can test 
whether repeated training improves 
phonological processing and reading-
related outcomes in children with 
dyslexia.

Figure 2: Closed-loop EEG neurofeedback pipeline for phonological processing. During passive dichotic 
listening, real-time EEG is used to extract N1/N100 responses from left- and right-hemisphere electrodes. 
Their latency difference, Δlat = N100_RH – N100_LH, is converted into child-friendly visual feedback to 
support hemispheric co-ordination during phonological processing. Phase 1 focuses on calibrating and 
validating steps 1–4, from dichotic listening to Δlat extraction; Phase 2 tests the full closed-loop pipeline, 
especially Δlat-based visual feedback (step 5) and child feasibility.
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