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Abstract

Schizophrenia is a mental disorder that causes some motor dysfunctions in individuals and causes
psychotic symptoms. It is believed that machine learning algorithms offer support in the detection
and treatment process of the disease. In this study, a system that predicts schizophrenia disease
with machine learning algorithms is proposed using resting EEG data. Filtering process, feature
extraction methods and cross-validation were performed before machine learning.
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1. Introduction

The widespread use of machine learning (ML) algorithms in disease detection
demonstrates the potential benefits of this technology in the medical field [1-6]and it
holds promise for aiding in the detection of schizophrenia[7, 8]. It is a psychological
disorder that impacts roughly 1% of the global population. Hallucinations and delusions
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are among the non-motor symptoms of the disease. Additionally, motor function
disorders can also be observed in patients with schizophrenia[9]. Since schizophrenia
diagnosis is revealed in line with clinical symptoms, a more objective and reliable
measurement that can help psychiatrists in this process can provide convenience. This
can provide early diagnosis and treatment of the disease [10].

De Miras et al. [9] investigated the effectiveness of machine learning methods in detecting
schizophrenia. Linear and nonlinear measurements were calculated from resting EEG
data, which demonstrated the capability to distinguish schizophrenia patients. The
extracted features resulted in high classification accuracy across various machine
learning algorithms.

Sun et al. [11] in their study, EEG time series were converted to RGB images after passing
the pre-processing stage, time and frequency domain features and classification was
performed with these images using hybrid deep neural networks (DNN). The research
results revealed that the fuzzy entropy (FuzzyEn) feature was superior to fast Fourier
transform (FFT) in schizophrenia classification.

Ahmedt-Aristizabal et al. [12] used EEG data and artificial intelligence methods in their
study to detect children prone to schizophrenia at an early stage. They demonstrated that
recurrent neural networks outperform ML techniques for sequence modeling. The results
were validated using cross-validation.

In this study, resting-state EEG data recorded from healthy control individuals and
schizophrenia patients were used to predict schizophrenia. To achieve this, a band-pass
tilter was applied, followed by three different feature extraction methods and cross-
validation processes, which were tested using machine learning algorithms.

2. Materials and Methods

The Schizophrenia disease diagnosis dataset utilized in this study was collected and
analyzed in [9]. The healthy participants were selected from university students,
university hospital staff, and an adult education school. The subjects in the patient group
were selected from a university hospital. 31 subjects were used in this dataset. The group
consisted of 20 healthy control subjects (13 males, 7 females) and 11 individuals with
schizophrenia (9 males, 2 females). Demographic information is given in Table 1. EEG
signals were recorded with 500 Hz frequency signals for 3 minutes while the subjects
were at rest. The dataset consists of 31 channels. Eye blinks and other artifacts were
already removed using infomax Independent Component Analysis (ICA) in [9] .
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Table 1: Demographic information of the subjects

Subjects Male Female Age
Healthy Controls 13 7 40.7 +11.9
Schizophrenia Patients 9 2 36.2+10.2

In this study, the dataset was tested in Matlab with 6 machine learning algorithms using
3 different feature extraction methods. First, EEG signals were filtered with a band pass
tilter between 0.5-45 Hz. Among the 3 different feature extraction methods, Streamline
feature extraction in the signal processing toolbox in Matlab was first performed. This
method consists of total 18 features including time and frequency domain features. The
Automatic EEG Signal Preprocessing Toolbox in Matlab was used as the second feature
extraction method. Here, Delta Mean Band Power, Theta Mean Band Power, Alpha Mean
Band Power, Beta Mean Band Power, Gamma Mean Band Power and Theta-Beta Ratio
were obtained from linear features. The EEG Feature Extraction Toolbox (EFETB) in
Matlab was used as the third feature extraction method. Here, 12 features were obtained,
including Band Power based, Hjorth based, statistical features. Feature extraction
operations were performed using 3 different methods.

3. Results and Discussion

After feature extraction, normalization process was applied to the data, and all the
features were scaled between -1 and 1. 3-fold cross validation method was applied to
validate the scores. In this study, a data augmentation process was applied to the
schizophrenia vectors in the training group to balance their number with that of the
healthy vectors. No augmentation process was performed on the test set. ML algorithms
K-Nearest Neighbor (KNN), Support Vector Machine (SVM), Decision Tree (DT), Naive
Bayes (NB), Logistic Regression (LR), And Random Forest (RF) were applied. Average
accuracy was calculated for each algorithm. The results obtained are shown in Figure 1.
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Figure 1: Average accuracies obtained with 6 different machine learning algorithms for 3 different feature
methods

The highest average accuracy values across three different feature extraction methods
were achieved using the SVM algorithm. These values were 0.75, 0.71, and 0.72 for the
three feature extraction methods, respectively. The first feature extraction method
performed best with 3 out of 6 ML models: SVM, NB, and LR. The second feature
extraction method, in comparison, showed the best performance in the RF experiment. In
the KNN and DT experiments, the third feature extraction method performed better.
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