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Abstract Dyslexia is a learning disability that can be 
characterized by reading difficulties. The EOG signals are widely 
used in biomedical applications such as Human Computer 
Interaction (HCI), and the use of the EOG signal in the diagnosis 
of neurodegenerative diseases is increasing. In this paper, we 
proposed a novel approach for diagnosis with dyslexia using one 
dimensional convolutional neural network (1D CNN) based on 
EOG signals. In the first stage of the study, EOG signals were 
during healthy and dyslexic children read four different texts. In 
the second stage, the EOG signals were filtered and segmented into 
frames. At the last stage, the EOG signals were classified the using 
1D CNN. According to obtained results,  % 
classification accuracy was performed in classifying the healthy 
and dyslexic group. 
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I.  INTRODUCTION 
     Dyslexia is a learning disability that can be characterized by 
reading difficulties in people who have the necessary 
motivation, intelligence, and education [1]. It is one of the 
specific learning disabilities and it is commonly referred as 
neurological disorder [2]. Dyslexic children have difficulty 
reading, writing, and spelling compared to their peers [3]. The 
diagnosis of dyslexia is made after psychiatric examination 
using psychometric evaluations and DSM V diagnostic criteria 
[4]. Early diagnosis of dyslexia is very important, and children 
diagnosed with dyslexia need special educational method for 
developing reading skills [5].  
     Electrooculogram (EOG) is one of the methods used to 
detection of eye movements. EOG signals are a measure of the 
potential difference between the front and back of eyeball [6]. 
EOG signal is commonly used to detect the directional eye 
movement [7]. Since eyes move from left to right while 
performing the act of reading, the EOG signals recorded during 
reading are a type of directed eye movement. Therefore, 
important information can be obtained from the EOG signal in 
the evaluation of reading action. 
     EOG is important for both scientist and clinicians as it 
provides abundant neurological information [7]. EOG has been 
used for the diagnosis of many neurological diseases such as 
Parkinson [8] and Attention-deficit hyperactivity disorder [9]. 
Studies with subjects diagnosed with dyslexia have generally 
reported which lobe of the brain uses electroencephalogram  

 
 
(EEG) signals to determine which lobe works more actively in 
reading, writing, and spelling [10-12]. 
     In the literature, there are studies in which EOG signals were 
recorded simultaneously during reading and information about 
the texts read from the EOG signal were obtained. 
     Banerjee et al [13]. were recorded EOG signals from ten 
healthy individuals during the reading of a text. EOG signals 
were used to determine the number of sentences and words in 
the text. When the recorded EOG signals were analyzed, it was 
seen that the individuals participating in the study found the 
number of words in the text an average of 87.2% and the 
number of lines was 70% correctly. 
     al. [14] recorded the EOG signal during reading 
of a text to identify retrieving words / re-reading and skipping 
lines movements and classified them using various classifiers. 
The highest accuracy of the classifiers used was 98% for each 
of the Random Forest and k-NN classifiers. 
     Tabkara et al. [15] EOG signals were recorded during 
reading of texts in different font size and styles from healthy 
individuals and the reading time for different font size and 
styles in healthy individuals was analyzed. As a result, they 
reported that reading times in different font size and styles 
changed. 
     Apart from these studies, there are several studies comparing 
eye movements of individuals with reading disorders and 
healthy individuals during reading. These studies reported that 
individuals with a diagnosis of dyslexia have more eye 
movement than healthy individuals [16-18]. 
     Dyslexia does not have a known treatment method, but these 
individuals develop with certain trainings. Therefore, studies on 
dyslexia are very important for the development of individuals 
with dyslexia. 
     In this study, a new method was proposed for the diagnosis 
of dyslexia, which is defined as a special reading difficulty. In 
the proposed method, EOG signals were recorded while healthy 
and dyslexia individuals were reading four different texts 
prepared in the same font and in four different font sizes. 
Recorded EOG signals were classified using 1D Convolutional 
Neural Network for the aim of classification. 
     This study consists of three stages: data acquisition, pre-
processing, and classification. Fig 1 shows the general flow 
chart of the study. 
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Fig. 1.  General flow chart in this study 

II. METHODS 

A.  Experimental Procedure and Data Aquisition  
     10 children with dyslexia (mean age = 8,2 0,6324, 5 
female and 5 male) and 10 healthy children (mean age = 8,40 
0,5164, 5 female and 5 male) were participated the study. 
Controls underwent a standard clinical assessment comprising 
neurological, endocrine, and psychiatric evaluations. The 
children with dyslexia were referred from Children Psychiatry 
Department of Erciyes University, Medical Faculty Hospital. 
Children with dyslexia who have any central nervous system 
diseases such as epilepsy, cerebral palsy, developmental delay 
were not included in the study. All dyslectic children were 
diagnosed by an experienced child and adolescent psychiatrist 
based on the criteria of the Diagnostic and Statistical Manual of 
Mental Disorders, 5th edition (DSM-5) and by an experienced 
child neurologist.  The Human Researches Ethics Committee of 
Erciyes University endorsed the ethical approval for this study. 
     A two-channeled BIOPAC MP36 with a 100 Hz. sampling 
rate was used to record the EOG signals in this study. The first 
channel recorded horizontal eye movements whereas the 
second channel recorded vertical eye movements. In this study 
only the horizontal channel was used. As shown in Fig. 2, a 3 
Ag-AgCl disposable electrodes was placed as follows: two 
electrodes served as the horizontal channels, one electrode 
served as the references [19]. In this study, participants were 

-inch LCD monitor on which 
the text were presented. In Fig. 3. shows a photo of it taken 
during data acquisition.   

 
Fig. 2. Electrode placement 

     Texts in Times New Roman font style and four different font 
size (16,18,20 and 22) were determined for children to read in 
this study. These texts were prepared using children's native 
language (Turkish). Participants consist of primary school 
second and third grade students. Therefore, different texts were 
suitable for students at different grade levels. All texts used 
were selected from Ministry of National Education Republic of 
Turkey textbooks. To reduce the possibility of participants 
seeing the texts before, texts taken from the textbook of a senior 
class were used for each class [20]. Fig 4 shows EOG signals 
that were recorded from healthy and dyslexic subject. 
 

 
Fig.3. Data acquisition process. 

 

 
Fig. 4. EOG signals recorded from individuals with dyslexia (a) and healthy (b) 
individuals 

B. Pre-processing of EOG signal 
     In this stage, the raw EOG signals were filtered using the 4th 
Butterworth band pass filter for noise removal. The filter 
frequency range was selected from 0.1 to 10 Hz frequency 
range. After filtering, EOG signals were segmented into signal 
frame. For each frame, 250 EOG samples were taken as seen in 
Fig.5. Finally, frames with the features were fed into a 1D CNN 
for training and testing. The segmentation process is illustrated 
in Fig. 5. 
 

 
Fig.5. Segmentation process 

a 

b 
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C. The Proposed One-Dimensional Convolutional Neural 
Network (1D CNN) 

     Convolutional Neural Network (CNN) is a common model 
of machine learning algorithms for supervised learning task. 
Although, CNN's are designed to process data that come in the 
form of multiple arrays [17], the input layer of CNNs can handle 
one dimensional or multi-dimensional data. CNN's can be 
consisting of one-dimensional convolution, two-dimensional 
convolution, and three-dimensional convolution. A CNN can be 
composed of several building blocks: convolutional layer, 
nonlinearity layer, pooling layer, and fully connected layer. For 
more information on CNN, see ref [18].   
     In this study, was used 1D CNN. Proposed 1D-CNN model 
with a block representation is summarized in Fig. 6. The 
proposed 1D CNN model which has two convolutional layers, 
two max pooling layer and three fully connected layer. For 
every convolutional layer are their respective kernel size 36, 18, 
respectively. RELU was used as an activation function. We 
were used dropout technique to avoid overfitting during 

training. Dropout was set as 0.5. Fully connected layers consist 
of 1000, 500 and 2 output, respectively. The SoftMax layer is 
the last layer of CNN. 

D. Training and Testing of Network 
     The size of the classifier input matrix is 1772x250. While 
1018 of these samples belong to individuals with dyslexia, 754 
of them belong to the healthy group. In training of network, 
learning rate set to 0,001. Additionally, the batch size set to 16 
and 20 epochs are used. In testing of network, we used 5-fold 
cross validation. In 5- fold cross validation, the total EOG 
frames were divided into five equal part. Each fold, four out of 
five parts were used for training and testing. This process was 
repeat five times. The performance of the network was 
evaluated in each fold and average score of the five folds was 
computed. This average score as the final performance of the 
network. 
 
 

 
Fig.6.  Block diagram of the proposed 1D-CNN model

 

III. RESULT AND DISCUSSION 
The performance of 1D-CNN model evaluated some 

commonly used performance metrics. These metrics are 
accuracy (ACC), sensitivity (SEN), specificity (SPE) and F1-
score (F1). These metrics are related to true positive (TP), true 
negative (TN), false positive (FP) and false negative (FN) rates. 
The most crucial metric for determining overall system 
performance is usually accuracy.  

Accuracy is computed by taking the ratio of the number of 
samples correctly classified in the data set to the total number of 
samples in the data set. Sensitivity is the ratio of the number of 
samples determined to belong to the correct class to the total 
number of samples that belong to that class. Specificity is the 
ratio of correctly classified positive samples to total positive 

predictive samples.  The F-score is the harmonic average of 
precision and sensitivity criteria [19,20]. 

                                                       (1) 

                                                                       (2) 

                                                                     (3) 

                                                                 (4) 

The classification results show in Table 1.  The results show 
that the prosed network achieved average test accuracy of 

 % for diagnosis of dyslexia. Other results for 
classification performance were obtained as sensitivity, 
specificity, 
6.98   

TABLE I.  CLASSIFICATION RESULS 

 Accuracy ( SD) Sensitivity ( SD) Specificity ( SD) F1 score ( SD) 
1D-CNN     

                                                                                                                                                                                                                                                            *SD: Standard Deviation
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IV. CONCLUSION 
In this study, a novel approach 1D-CNN-based has been 

proposed for diagnosing dyslexia using EOG signals. For this, 
texts in different fonts were defined for the test. These texts were 
read by the healthy and dyslexic subjects and the EOG signals 
was recorded simultaneously and classified using 1D-CNN.  

Dyslexia is a learning disability that causes children and 
adolescents to be negatively affected both psychologically and 
mentally. Dyslexia individuals encounter significant difficulties 
in developmental, cognitive, emotional, and academic fields. 
For these reasons, early diagnosis of dyslexia is very important. 
Early diagnosis of dyslexia will bring many advantages. 
Individuals with an early diagnosis will start training programs 
prepared for them earlier, and thus this situation, which is 
disadvantageous compared to their peers due to their special 
circumstances, can be prevented. 

Studies on dyslexia are based on the recording and 
processing of EEG or eye movements during the performance of 
a specific task (a mental task in general) using specially designed 
experimental procedures [1-5,10-12]. This study is an approach 
based on the act of reading, which is performed in daily life, 
which does not involve any special task, for the diagnosis of 
dyslexia that a special reading difficulty. In this aspect, the study 
suggests a new approach for diagnosing dyslexia. 

The 1D-CNN approach is a machine learning method that 
provides successful results without the need for extra 
computational load such as signal processing and feature 
selection [25].In this study, % classification 
accuracy was obtained by using 1D-CNN without any feature 
selection.  In this study, the number of samples belonging to the 
group with dyslexia is higher in the classifier input matrix, which 
may adversely affect classifier performance. To prevent this 
situation and more accurate results can be obtained by balancing 
the data set. 

The results obtained in this study contain pioneering results 
for the use of EOG signals in the diagnosis of dyslexia. In future 
studies, by applying different signal processing methods to 
recorded EOG signals, the success of the classification can be 
increased by extracting various features from the signals. 
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