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Abstract

The purpose of this study is to determine the relationship between reading fluency
improvement and brainwaves in children with Autism Spectrum Disorders when using yellow
overlay. The sample in this study consisted of sixteen ASD children aged between nine and
eleven years from Sarawak, Malaysia. A correlational research design was used in this study.
Results from the Pearson correlation test found a strong positive relationship between
reading fluency improvement and beta brainwaves (r = 0.707, p < 0.05) at the frontal lobe
using a yellow overlay. In addition, the temporal lobe results for reading fluency improvement
and beta brainwaves (r=0.560, p < 0.05) showed a moderate positive relationship while using
a yellow overlay. However, the correlation results for alpha brainwaves at the frontal and
temporal lobes were not significant because p = 0.320 and p = 0.601, respectively. In
conclusion, this study proved that yellow overlay has a positive significant relationship
between reading fluency improvement and beta brainwaves at the frontal and temporal
lobes.
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Introduction

Reading is a medium to obtain information and ideas from something that has been
written (Pradani, 2021). The reading process includes personal connections between texts,
knowledge, and our life experiences (Altman, 2003; Merrifield, 2011). Reading fluency plays
a vital role during the reading process. Individuals who are fluent in reading have good skills
to read any written material in a better way (Miranda and Reflinda, 2022). Solari et al (2017)
found that reading fluency can be considered one of the specific predictors for interventions
in reading comprehension among children with higher-functioning autism (HFASD). Typically,
people diagnosed with ASD experience many difficulties related to reading, including reading
fluency, because of their concentration problems, literal thinking, and inability to understand
their reading content. As a result, they cannot perform well in their academics and jobs
(Merrifield, 2011; Yaneva et al., 2016).
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Brainwaves can be defined as a pattern of electrical activity generated in the brain. It is
related to human emotions, behaviour, and thought. The dominant brainwaves that exist at
a certain time will determine the level of an individual’s condition. In general, there are five
categories of brainwaves known as delta, theta, alpha, beta, and gamma (Hima et al., 2020;
Nordin and Alias, 2022). Fauzan and Amran (2015) found that ASD subjects have beta wave
deficiency in most areas of their brain. Therefore, they suffer from brain injury, learning
difficulties, and concentration problems (Zukiwski, 2021). Fannin (2015) stated that
individuals with a higher beta brainwave range have higher intellectual power. They can
concentrate and focus more when completing tasks, especially when reading, critical thinking,
writing, and solving math are involved (Das, 2017; Farnsworth, 2019).

Many previous studies have found that colour overlay can increase reading ability in
individuals with ASD (Ludlow et al., 2008, 2012; Omar and Bidin, 2015). A study conducted by
Hakim and Nasaruddin (2022) identified that yellow overlay can increase concentration in
children with ASD while reading. Fauzan and Yang (2018) found that ASD students showed
the highest mean after using yellow overlay compared to blue and white overlays during the
reading session. Most studies only examined the benefits of colour overlay on reading
achievements (Fauzan and Yang, 2018). Up to now, there are no previous studies in Malaysia
that have investigated the relationship between reading fluency improvement and
brainwaves in ASD children by using yellow overlay. Hence, this study set out to determine
the relationship between these two variables among ASD subjects with the use of a yellow
overlay.

Methodology

This study used a correlation design to determine the relationship between reading
fluency improvement and brainwaves reading with the use of a yellow overlay during the
reading tasks. The sample for this study was taken using purposive sampling. Sixteen children
diagnosed with ASD and able to read from Kuching, Sarawak, Malaysia, were recruited for this
study.

Before the data was collected, the researcher explained the purpose of this study to the
subject’s parents. There are no anticipated risks when using the electroencephalography
(EEG) machine; all subjects are volunteers. The data for reading fluency improvement and
brainwaves reading were collected before and after using yellow overlay during the reading
tasks. An EEG machine known as the Mitsar-EEG-201 amplifier was used to record the
brainwaves reading. The data were collected from 19 electrodes (Frontal = Fz, Fp1, Fp2, F3,
F4, F7 and F8; Parietal = Cz, C3, C4, P3 and P4; Temporal = T3, T4, T5 and T6; Occipital = O1
and 02). The WIinEEG software was used to generate and calculate the raw data that had been
collected from the subjects. Next, the artifacts from the raw data were removed using
Independent Component Analysis (ICA). The subjects’ reading fluency scores were also taken
simultaneously with the quantitative EEG recordings. Data collection took approximately 45
minutes to complete for each subject.

All the data were analysed using the Pearson Correlation Coefficient test. This test was
chosen because it complies with several assumptions, such as scores for the dependent and
independent variables being collected from the same subjects and the results of the Shapiro-
Wilk test being normally distributed. Similarly, the study done by Choong et al. (2021) also
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used the Pearson Correlation test to determine the relationship between gEEG analysis from
various emotions in twelve normal respondents. Before the Pearson Correlation Coefficient
test was carried out, the normality test was conducted to ensure whether the collected data
was linear and normal or not. In this study, the sample was less than one hundred, so the
Shapiro-Wilk test was used (Coakes, 2012).

Results And Discussion
A. Relationship Between Reading Fluency Improvement and Alpha Brainwaves at The
Frontal and Temporal Lobes
Figure and Table 1 present the results of the relationship between reading fluency
improvement and alpha brainwaves at the frontal and temporal lobes when using yellow
overlay. The result from the correlation test of reading fluency improvement and alpha
brainwaves at the frontal lobe is 0.266, with a significance value of 0.320. It means there was
a weak positive linear relationship between reading fluency improvement and alpha
brainwaves at the frontal and temporal lobes after using yellow overlay during reading.
Meanwhile, results at the temporal lobe showed a very weak positive linear relationship (r =
0.141, p = 0.601). Both results were not significant because p > 0.05.
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FIGURE 1: Scatter Plot of Reading Fluency Improvement and Alpha Brainwaves at The Frontal
and Temporal Lobes
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TABLE 1
Results from a Pearson Correlation Test between Alpha Brainwaves at The Frontal and
Temporal Lobes and Reading Fluency Improvement

Improvement in Alpha Alpha Brainwaves
Reading Brainwaves at at The Temporal
Fluency The Frontal Lobe Lobe
Pearson 1 0.266 0.141
| ti Correlation
mprovementin - - 0.320 0.601
Reading Fluency Si8- (2-tailed)
N 16 16 16
Pearson 0.266 1 0.542
Alpha Correlation
Brainwaves at Sig. (2-tailed) 0.320 0.030
The Frontal Lobe \ 16 16 16
Aloh Pearson 0.141 0.542 1
B p. a ¢ Correlation
rainwaves a
The Temporal S8 (2-tailed) 0.601 0.030
Lobe N 16 16 16

B. Relationship Between Reading Fluency Improvement and Beta Brainwaves at The
Frontal and Temporal Lobes

Figure and Table 2 display the results of the relationship between reading fluency
improvement and beta brainwaves at the frontal and temporal lobes with the use of yellow
overlay during the reading tasks. The Pearson Correlation test results found that there was a
high positive linear relationship between reading fluency improvement and beta brainwaves
at the frontal lobe when using yellow overlay (r = 0.707, p < 0.05). However, at the temporal
lobe, the correlation result was 0.560 with a significance value of p < 0.05, which indicates a
moderate positive linear relationship. Overall, these results proved that the reading fluency
improvement and beta brainwaves at the frontal lobe have a strong positive linear
relationship compared to beta brainwaves at the temporal lobe with the use of yellow
overlay. The results for p-value showed a significant positive correlation for both results at p
<0.05.

These findings align with previous studies, which found that yellow overlay gives an
advantage in reading performance among ASD people who suffer from concentration
problems (Fauzan and Yang, 2018; Hakim and Nasaruddin, 2022). Yellow colour is also known
as a warmer colour, so in theory, this colour can make people more active, quick to react, and
in a positive state. As a result, this colour can attract and encourage them to focus when
reading (Ayash et al., 2016; Piera, 2019).
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FIGURE 2: Scatter Plot of Reading Fluency Improvement and Beta Brainwaves at The Frontal
and Temporal Lobes

TABLE 2
Results from a Pearson Correlation Test between Beta Brainwaves at The Frontal and
Temporal Lobes and Reading Fluency Improvement

Improvement in Beta Beta
Reading Fluency Brainwaves at Brainwaves at
The Frontal Lobe The Temporal

Lobe
Pearson 1 0.707 0.560
Improvement in Correlation
Reading Fluency Sig. (2-tailed) 0.002 0.024
N 16 16 16
Pearson 0.707 1 0.403
Bet'a Correlation
Brainwaves  at ¢, (5 tsiled) 0.002 0.121
The Frontal 16 16 16
Lobe N
Beta Pearson 0.560 0.403 1
Brainwaves at Correlation
The Temporal Sig. (2-tailed) 0.024 0.121
Lobe N 16 16 16
Conclusion

Overall, finding from this study found that there was a high positive linear relationship
between reading fluency improvement and beta brainwaves at the frontal lobe when using
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yellow overlay. In other words, this study indicates that the greater reading fluency
improvement, the higher beta activity at the frontal lobe, and it leads to increased
concentration among subjects after using yellow overlay during the reading tasks. Findings
from this study can provide evidence and additional information for therapists or
practitioners about brainwaves analysis of ASD children when reading using yellow overlay.
The results of brainwaves analysis can be used to select the appropriate protocol to enhance
the reading ability of ASD children by using Neurofeedback Training (NFT).
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