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Abstract
Developmental dyslexia (henceforth described as dyslexia) is a
neurological disorder associated with reading difficulties and is one of the
most common learning disorders. Recent research has shown that
rhythmic activities in the brain, specifically, decreased alpha power (8-12
Hz) and increased theta power (4-8 Hz), are related to the prevalence of
dyslexia in children. However, it is unclear whether these neural patterns
can be improved as a result of reading remediations. To address this, the
present study examined the development of alpha and theta powers over
the course of a reading intervention. During a five-week summer program,
children with dyslexia received either reading or math (control)
interventions, and EEG data was collected at four time points from each
participant. At each time point, the participant watched a five-minute silent
and relaxing video while their EEGs were recorded. The exploratory
analysis included the data from 16 children, and the changes of alpha and
theta activities were characterized by the slope, which was the change of
absolute power relative to the time course of intervention. T-tests indicate
that the reading and the math intervention groups did not differ
significantly in alpha or theta powers. These results suggest that alpha
and theta powers are relatively stable, and they may not be influenced by
reading interventions. However, further studies with larger samples and
typical readers are needed to examine how these neural activities
fundamentally differentiate with respect to reading abilities.

Background
● Developmental dyslexia (also known as reading disorder) is a learning
disorder associated with reading difficulties (Shaywitz & Shaywitz,
2005), mainly due to deficits with phonological processing.
● Electroencephalogram (EEG) has been used to observe brain activity
on the scalp level (Ward, 2003).
● Neural oscillations are the rhythmic and repetitive patterns of brain
activity that can be measured through EEG (Ward, 2003).

Methods

Discussion

Participants
● In a five-week summer camp, children with dyslexia were each assigned to either the reading group that
employed different reading strategies or to a control-math group where reading was minimal.
● Participants: 16 children with dyslexia (mean age = 8.7 years old, 14 males), rising 3rd and 4th graders
○ Reading group: 9 children (mean age = 8.8 years old, 7 males)
○ Math group: 7 children (mean age = 8.8 years old, 7 males)
● Inclusion criteria: (1) English as a fluent language; (2) No hearing loss or neurological disorders e.g.,
autism; (3) Wechsler Abbreviated Scale of Intelligence (WASI-2) performance IQ standard score > 75
EEG Recording and Data Collection
● BrainProducts 32 Channel ActiChamp system
(www.brainvision.com) with EasyCap recording caps (see
Image 2 for the electrode map).
● EEG data collection occurred four times at approximately
weekly intervals.
● Participants watched a five-minute silent and relaxing video,
while their EEGs were recorded.
Image 2. EEG Electrode Site Map

Pre-processing
● We only included data if the child completed at least two testings (must include pre-intervention testing as
well as testing either on 3rd or 4th time point).
● EEG data underwent quality control in which each dataset was manually checked to ensure its usability for
the next steps of processing. In the end, we had 16 out of 33 children included in our analysis.
Processing
● To process the EEG data, we used EEGLab 2020 and ERPLab 8.0.1 MATLAB packages.

* 1) bad channel detection, 2) ICA artifact correction, 3) artifact rejection 4) interpolation

Image 1.
Alpha (8-12 Hz)

● Relatively stable signals of alpha and theta powers over the five weeks
of intervention
● No significant differences in the development of alpha and theta powers
between the reading and math intervention groups
● Reasons for no changes in alpha and theta powers after intervention
○ Alpha and theta powers while watching a video may not be influenced
by increased reading activities
○ Children’s reading performance may not improve significantly after the
intervention (this part of data analysis is in preparation). Thus, it does
not result in neural changes.
● Differences of resting-state paradigms
○ Typical resting state paradigm, i.e., closed eye and open eyes
○ Neural oscillations while watching a video could reflect other mental
states
● Further studies should examine if alpha and theta powers while watching
a silent video are related to reading performance. If they are related,
given the potential stability of these neural signals, the alpha and theta
neural oscillations could be potential biomarkers for identifying
individuals with dyslexia.
● Limitations
○ No typical readers as comparison
○ Small sample size and imbalanced gender (only 2 females)
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Theta (4-8 Hz)

● Recent EEG studies have found that children with dyslexia have
decreased alpha power (8-12 Hz) and increased theta power (4-8 Hz)
at resting state in certain cortical regions (Babiloni et al., 2012;
Papagiannopoulou & Lagopoulos, 2016).
● However, the effect of reading interventions on the resting-state alpha
and theta oscillations of children with dyslexia is unclear.

Objective
This study aims to investigate the development of alpha and theta powers
in children with dyslexia over an intensive five-week reading intervention.

Research Questions
● What are the trajectories of alpha and theta powers in children with
dyslexia who receive reading interventions?
● Do the trajectories of alpha and theta powers in the reading intervention
group differ from the control-math intervention group?

Hypothesis
The power of the alpha frequency band will increase and the power of the
theta frequency band will decrease over the course of a reading
intervention.
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Results
Figures. The Trajectories of Theta and Alpha Powers Over the Five Weeks of Intervention by Group.
● Changes of alpha and theta activities characterized by the slopes of the lines.
● Slope: Change of absolute power relative to the time course of intervention.
● Positive values: an increase in theta/alpha powers over time; negative values: a
decrease in theta/alpha powers over time.

