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ABSTRACT

Introduction: Progress in understanding dyslexia has led to the discovery of abnormal brain
waves in the areas related to reading skill. It seems that improving the function of these areas
by regulating their waves is helpful for reading process. This study aimed to investigate the
efficacy of neurofeedback training (NFT) in improving children’s reading difficulties.

Material and Methods: This was a single-subject experiment with A-B-A design. Four
dyslexic boys (age range 8-12 years) received twenty 30-minute sessions of NFT three times
a week to reduce their theta and delta waves at F7 and increase their beta wave at T3. Their
accuracy, speed, reading comprehension, and spelling skill were assessed using Name reading
test before, during, and one month after treatment. Data analysis was done by reliable change
index, mean percentage improvement, and effect size. Also results were displayed by graphs.

Results: The results showed clinically significant improvement regarding the accuracy and
comprehension reading as well as spelling after NFT. Reliable changes (P<0.05) and the effect
size above the effective surface (Cohen’s d>2.87) refer to significant improvement of these
skills. However speed reading increased in two subjects, but the effect size for the first and
second participant was negative (Cohen’s d<0).

Conclusion: The results suggest that 20 sessions of NFT improves the spelling, accuracy, and
comprehension reading. It seems that the increased attention (due to the reduction of theta and
delta waves) and performance tuning at T3 was effective in improving these skills. However,
increase in speed reading may require more sessions.
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1. Introduction

evelopmental dyslexia is a significant dis-

order prevalently occurs in children with

learning disability. This problem charac-

terized with difficulty in learning to read

and weakness in spelling that cannot be
justified by cognitive deficits, sensory impairment, lack
of motivation, or adequate training [1, 2]. Because of
the key role of reading in the learning process, untreated
reading and spelling difficulties results in educational
and academic failure.

Many researchers consider dyslexia as a disorder with
neurological basis and most of them believe that the main
problem in these patients relates to a functional impair-
ment in the brain mechanisms for language and particu-
larly in components that are responsible for phonological
analysis [3]. Some of these areas include superior tem-
poral gyrus that plays an important role in integration of
letters/sounds and inferior frontal lobe which is involved
in phonological segmentation and combination [4-8].

Numerous studies have reported anatomical and func-
tional differences in this language network [9]. Neu-
roimaging studies pointed to functional differences,
including increased activity in inferior frontal lobe and
lower activity, especially in the temporal lobe as well as
weak coordination between inferior frontal lobe and su-
perior temporal gyrus [10]. Difficulties in phonological
processing are associated with dysfunction of these areas
as a result of structural differences [11-13].

Electroencephalography (EEG) findings also indicate
differences in brain function by measuring brain waves
in the left hemisphere language areas between children
with reading disabilities and normal children. Arns, Pe-
ters, Breteler, and Verhoeven [14] reported a significant
increase of slow-wave activity (delta and theta) in the
frontal and temporal regions in children with dyslexia.
Rippon and Brunswick [15] referred to increased level of
theta waves in frontal during a phonological processing
task compared to normal as well as the lack of increased
beta wave in temporal lobe during reading with difficult
levels in dyslexic group compared to normal individuals
was reported by Norman and Walker [16].

Klimesch, Doppelmayr, Wimmer, Gruber, Roéhm,
Schwaiger, and Hutzler (2001) [17] reported the abil-
ity to process and select words and numbers in specific
areas of the brain identified by beta wave activity. They
suggested that activity of beta wave indicates integration
grapheme—phoneme just in normal group. However in-
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creased activity of theta wave could be due to low ac-
tive task engagement. This band wave is also considered
as an indicator of verbal working memory acting dur-
ing cognitive processing in a number of recent studies.
Efforts to reduce theta band can be associated with im-
proved cognitive skills [18].

The results of neuropsychological rehabilitation sug-
gest that improvement in behavior may require a direct
change in brain function. As a result, these changes ap-
pear as positive behavior modification [19]. Therefore,
wave training can provide the opportunity beyond the
traditional cognitive therapy to improve reading difficul-
ties in this population. Neurofeedback is a non-invasive
method that through modification and adjustment of
brain waves, works as a new therapeutic tool for enhanc-
ing cognitive function in brain-related conditions, such
as specific learning disorder (Dyslexia) [20].

According to Thornton and Carmody [10], findings on
the efficacy of neurofeedback are insufficient, especially
for reading disorder. However, some studies have report-
ed the effectiveness of neurofeedback training to reduce
reading errors and improvement in working memory,
visual memory, attention and timing of cognitive pro-
cesses, as essential functions of reading-spelling skills in
children with dyslexia [21-25].

A study on 12 children with dyslexia has proved that
this method improves comprehension and speed read-
ing, while the use of neurofeedback training by Breteler
et al. [26] on dyslexic children showed no improvement
in reading ability [16]. Due to inconclusive results of re-
search in this field and the insufficiency of common treat-
ments for dyslexia, more research is required in this field
to find better treatments for this group of children. There-
fore, this study was conducted to evaluate the effect of
neurofeedback training (NFT) on relieving the problems
of spelling, accuracy, speed, and comprehension reading.

2. Materials and Methods
Participants

Four male children with dyslexia were recruited from
the Learning Disability centers in Tehran. According
to these centers medical information, the children had
no history of any neurological, emotional disorder and
sensory problems such as uncompensated visual impair-
ments and hearing disorders. Reading disorder was con-
firmed based on reading disability test, teacher reports
and normal Intelligent Quotient (IQ) (Wechsler Intelli-
gence Scale for Children-1V). Participants’ age ranged
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from 8 to 12 years and all of them were monolingual.
The necessary information was provided to children’s
parents to take their consent forms. Then appropriate in-
formation regarding research was explained to children
to encourage their participation in the research (Table 1).

Procedure

The research design was A-B-A single-subject. Before
the intervention, speed, accuracy, and comprehension
reading and spelling skills of the children were measured
3 times in 3 weeks and the first results were recorded
on the baseline (phase A). Then, during the intervention
(phase B), each participant received 20 sessions of NFT as
the independent variable. Sessions were held three times a
week and each session took about 30 minutes. During the
sessions, visual feedbacks were used for training after 2
minutes baseline with eye open (as, no feedback offered).
At the seventh, 14" and 20" treatment sessions, spelling,
accuracy, speed and comprehension reading of the chil-
dren were measured again to determine their progress.
One month after completion of intervention, these vari-
ables were measured again in follow-up (phase A).

The training protocol was designed to increase beta
wave (18-15 Hz) at T3 and reduce theta (4-8 Hz) and
delta (1-4 Hz) waves at F7 according to studies by Walk-
er and Norman, (2006), Rippon and Brunswick (2000),
Arns et al. (2007) [14-16]. Each session included 2
minutes baseline and the first 15 minutes of training to
increase the beta at T3 then 2 minutes baseline and 15
minutes of training to reduce the delta and theta at F7.

Measurements

The standard text of name reading test, was used to
assess dependent variables of speed, accuracy, and com-
prehension reading. This standard reading test consists
of ten subtests and determines the dyslexia for grades
1 to 5. Also to check the number of spelling errors used

Table 1. Participants history
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the spelling test in the baseline, during the treatment and
post-treatment phase [27]. Measuring brain waves (beta,
theta, and delta) in T3, F7 areas and providing feedbacks
during treatment sessions done by Nexus-10 neurofeed-
back hardware system with Bio Trace software. There
is no reliable and valid measurement for assessment of
spelling at grade 5 in Persian. However, spelling analy-
sis was not done for case 4.

Statistical analysis

According to the case-study design, to determine the
statistical relationship, visual analysis of graphs, mean,
standard SDs, mean percentage improvement, and reli-
able change index were calculated for the baseline, treat-
ment, and follow-up sessions, also to view the effect of
the treatment, the Cohen guidelines for the d statistic
was used [15, 28].

3. Results
Reading ability

Figures 1 shows the participants’ performance in three skills
of accuracy, speed and reading comprehension during base-
line, treatment and follow-up phases of the study. As seen
in Figure 1A, reading comprehension in all participants has
increased compared to baseline phases following NFT. Pro-
gression of speed reading is also observed in the participant 3
and 4, while demonstrates a negative slope for the participant
1 and near 0 in participant 2 according to the Figure 1B. Also,
visual analysis of the results revealed that all but one partici-
pant displayed an increase in the percentage of correct words
during the 20 sessions of NFT relative to the baseline. How-
ever, improvement of the accuracy reading in participant 1
had a fluctuating mode. As seen, his scores of accuracy read-
ing declined during the first nine sessions of the treatment but
in following sessions, a recovery process was observed and
remained well up to a month after the treatment.

n History of
Participant Age,y Gender Grade "giolfiz::e Neurological Emotional Sensory
Problems Disorders Problem
Case 1 8 Male Second Normal (95) - - -
Case 2 8 Male Second Normal (100) - - -
Case 3 9 Male Third Normal (100) - - -
Case 4 11 Male Fifth Normal (105) - - -
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The result of significant clinical changes methods also
implies the effectiveness of NFT on reading comprehen-
sion. So that the effect size by using Cohen’s d was calcu-
lated between 4.09 and 8.09 for this variable; considering
large effect size in single case studies (2.87), this range
(4.09 to 8.09) reveals the high rate of change and improve-
ment. The effect size obtained for the speed reading in par-
ticipants 1 and 2 (9.38 and 6.40) was significant but the ef-
fect size for the first and second participants was negative.
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For accuracy of reading, the effect size was calculated
from 2.20 to 6.61; participant 1 had the lowest level of ef-
fectiveness. Tables 2, 3 and 4 present that mean, SD, MPI,
RCI, and Cohen’s d value for speed, comprehension, and
accuracy reading in all participants. The participants in-
creased their reading comprehension skill in magnitude
from 24.60% to 49.05%, and maximum of improvement for
speed reading was 49.39%. The minimum and maximum
improvements in accuracy reading were found to be 5.65%
and 23.48%, respectively. The percentage of improvement

A Baseline Treatment Follow up
22
20
lén 18
-{3 16 —4#—casel
< 14
£ == case2
_g 12
S 10 —i—case3
=
g 8 —@—cased
£ 6
]
© g
2
1]
Week
B Baseline Treatment Follow up
oo
£ £
e E —4—casel
= 2 - case2
4 g —i— case3
& —@—cased
Week
C Baseline Treatment Follow up

Accuracy reading%

—4—case 1
—fii—case2
== case3
—@—cased

0 - T T T T T T T

Week

Figure 1. Pattern of reading ability changes across baseline, treatment, 1-month follow-up assessments
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Table 2. Scores of participants on comprehension reading skill at baseline, treatment, 1-month follow-up assessments

MeanA, MeanB MeanA, SD.A, SD.B CQ:\-\?-nB's d A AIT((:IIB- A) ::I l:z I-“\/::;
Casel 8.66 17 20 1.15 1 8.09 9.07(11.12) 56.70% 49.05%
Case2 13 18 20 1 2 4.09 5.60(6.66) 35% 27.77%
Case3 12.66 19.33 22 1.15 1.52 5.80 7.47(8.89) 42.45% 34.50%
Cased 16.33 21.66 22 1.15 0.57 5.79 4.53(7.10) 25.72% 24.60%
JVIR

Abbreviations: Al: baseline phase; B: treatment phase; A2: follow-up; SD: Standard Deviation; MPI: Mean Percentage Im-

provement; RCI: Reliable change index

in baseline compared to follow-up phase implies an increas-
ing trend for all participants in reading variables.

Spelling

Figure 2 demonstrates performance of participants on
spelling skill during baseline, treatment, and follow-up
phases. According to the graph, increasing trend and
positive slope for all participants can be seen in spelling.
The scores of spelling skill in all participants after NFT
according to reliable change index (1.96 equates to the
95% confidence interval) were statistically significant
and reliable. Comparison of baseline treatment phases
based on effect size (Cohen’s d) also demonstrates sig-
nificant progress with a maximum of 5.66 and minimum
of 3.27. The mean percentage of improvement ranged
from 21.05 to 200 indicates that the level of word spell-
ing mistakes is reduced in all participants (Table 5).

4. Discussion
All participants showed significant improvement in ac-

curacy and reading comprehension as well as spelling
during 20 sessions of NFT. In other words, the findings

of this study by using clinical significance methods show
that NFT can improve reading skills of individuals with
dyslexia. This result is in line with Norman and Walker
[16] study done on 12 children with dyslexia. They re-
ported that increase in beta wave at T3 can improve the
reading comprehension.

Thornton and Carmody [10] mentioned that a subject
earned a standard score in the reading comprehension test
after 20 sessions and the other subject after 40 sessions of
NFT. The results can be explained by considering the bi-
ological basis of dyslexia. Dysfunction of brain waves in
areas related to reading (like temporal gyrus and inferior
frontal areas in dyslexic children) is blamed for reading
problems [14-16]. Because the superior temporal gyrus
plays a role in word comprehension (phonemic com-
position, semantic and lexical representation), semantic
processing, also integrating visual, auditory, perceptual
and memory inputs to provide fluent reading, tuning beta
wave in this area improves its performance and conse-
quently may enhance reading comprehension [16].

Costanzo, Menghini, Caltagirone, Oliveri, and Vicari
[29] found that the left superior temporal gyrus stimula-

Table 3. Scores of participants on speed reading skill at baseline, treatment, 1-month follow-up assessments

Cohen’s RCI MPI MPI

Mean A, Mean B Mean A, SD.A, SD.B d Al-B Az' A1 (B- Al) A1' Az Al-B
Casel 11.46 8.8 11.76 0.66 0.65 -3.25 0.03(-0.55) 2.55% -30.22%
Case2 12.48 8.16 16.47 2.09 0.55 -3.79 0.43(-0.90) 24.22% -52.94%
Case3 16.49 30.76 42.69 0.51 4.13 9.38 2.85(2.97) 61.37% 49.39%
Case4 17.29 28.95 56.26 3.05 5.45 6.04 4.24(2.43) 65.76% 40.27%

Abbreviations: Al, Baseline phase; B, Treatment phase; A2, Follow-up; SD, Standard Deviation; MPI, Mean Percentage Im-

provement; RCI, Reliable Change Index
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Table 4. Scores of participants on accuracy reading skill at baseline, treatment, 1-month follow-up assessments

Cohen’s d RCI MPI MPI
Mean A, Mean B Mean A, SD.A, SD.B A-B A-A (B-A) AA, A-B
Casel 67.98 74.60 88.74 6.89 11.32 2.20 3.18(2.55) 23.39% 8.87%
Case2 55.40 72.40 91.39 1.66 6.15 8.62 5.52(6.56) 39.38% 23.48%
Case3 93.15 98.73 100 0.31 0.82 7.44 1.05(2.15) 6.85% 5.65%
Cased 89.42 98.09 100 0.16 1.86 6.61 1.62(3.34) 10.58% 8.83%
JVIR

Abbreviations: A1, Baseline phase; B, Treatment phase; A2, Follow-up; SD, Standard Deviation; MPI, Mean Percentagelm-

provement; RCI, Reliable change index

Treatment

40 - Baseline
35
30
25
20

Follow up

—4@—casel

Spelling

15

L o e

—fl— case2?
== case3

1 2 3 4 5 6 7
Week

Figure 2. Pattern of spelling changes across baseline, treatment, 1-month follow-up assessments

tion improved the text reading accuracy. As a result, in-
crease in beta waves in the temporal region can also im-
prove the reading accuracy as a cognitive task requires
attention. Finally improving the reading accuracy will
lead to progress in reading comprehension.

Several studies have reported that differences in theta
waves (dyslexic in comparison with control) can be
considered as an indicator of attentional dysfunction
underpinning reading difficulties, also high levels of

9 10 11 12 13 14
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theta wave considered as evidence of less active task
engagement [15, 30].

Thus reducing this wave could lead to improvement in
cognitive skills (such as attention). Mann, Lubar, Zim-
merman, Miller, and Muenchen [31] reported that in
children with diagnosis of attention deficit, adjustment
of beta and theta waves improves attention deficit. Thus
increasing beta and reducing low waves such as theta,
delta help rising attention and could have a significant

Table 5. Scores of participants on spelling skill at baseline, treatment, 1-month follow-up assessments

Cohen’s d RCI MPI MPI
Mean A, Mean B Mean A, SD.A, SD.B AB AA, (B- A1) AA, AB
Casel 12.66 19 17 2.51 0 5.66 4.1 50.07% 34.28%
Case2 4.66 14 14 1.15 2.64 6.81 6.06 200% 200%
Case3 19 23 24 2 1 3.27 2.59 21.05% 26.31%

Abbreviations: Al, Baseline phase; B, Treatment phase; A2, Follow-up; SD, Standard deviation; MPI, Mean percentage im-

provement; RCI, Reliable change index
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role in reading accuracy. The inferior frontal gyrus plays
a role in phonological processing and verbal working
memory as potential factors in reading. Thus improving
the performance of this area through adjusting the waves
may be the reason to enhance reading accuracy [32, 33].

Orlando and Rivera [34] also reported increased read-
ing accuracy as a result of NFT similar to our study but
Breteler et al. [26] observed no significant improvement
in the reading ability in dyslexic children after 20 ses-
sions of NFT [34]. NFT no improve speed reading in two
participants, due to the low scores in reading accuracy
pretest could be noted that trying to increase accuracy
of reading with more attention to content cause reading
speed was decreased [7]. La Marca [35] mentioned that
most participants did not read faster after 40 sessions
NFT but their reading accuracy improved. So, it demon-
strates that the intervention help participants to read with
more attention to the content.

The results also indicated that the intervention mainly
affects spelling. Referring to the under activation supe-
rior temporal gyrus in dyslexic for mapping auditory
phonemes onto visual graphemes can cause difficulty
in spelling [36]. Boosting the performance of this area
might be an explanation for improved spelling. Howev-
er, the increased attention (due to the reduction of theta
and delta waves) also has an important role in reducing
spelling errors. Breteler et al. also proposed that atten-
tional processes are involved in improving spelling in

individuals with dyslexia [26].

Findings of this research support positive effect of NFT
on spelling and reading skills (including accuracy and
comprehension reading) in children with dyslexia. It seems
that adjusting the function of the frontal and temporal ar-
eas leads to positive changes in reading. Also increase in
cognitive skills such as attention following the reduction
of slow wave in frontal lobe is associated with reducing
errors in spelling and reading. These findings suggest that
changes in behavior are a reflection of changes in the brain
function. Therefore, the results confirmed the effective-
ness of NFT on improving reading and spelling problems
in children with dyslexia. The caution in generalization
of these results is warranted with respect to small sample
size; however, it is suggested that further research with
larger sample size and control group be conducted.
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