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ABSTRACT

Schizophrenia is a multifaceted mental condition marked by disturbances in cognitive processes, sensory experiences, affective reactivity, and interpersonal relationships. Precise and timely diagnosis continues to be a crucial obstacle in clinical practice. The objective of this review study is to provide a comparative analysis of the efficacy rates in diagnosing schizophrenia using electroencephalogram (EEG) data. EEG, a non-invasive method for capturing the electrical activity of the brain, has become a potential tool for detecting neurophysiological indicators linked to schizophrenia. EEG data has been analysed for diagnostic purposes using a range of methodologies, such as standard statistical approaches, machine learning algorithms, and advanced signal processing techniques. This review compiles findings from recent investigations, emphasising the efficacy of several diagnostic approaches based on EEG. The text examines the merits and drawbacks of these methods, with particular emphasis on their precision, sensitivity, specificity, and feasibility for incorporation into clinical settings. Comparative analysis demonstrates that machine learning models, especially those utilising deep learning techniques, have exhibited higher diagnostic performance in comparison to conventional methods. 

Nevertheless, there are still obstacles to overcome in this field, including limited sample sizes, inconsistencies in EEG techniques, and the necessity for standardised diagnostic criteria. In addition, the paper examines the potential of multimodal techniques that integrate EEG with other indicators to improve diagnostic precision. This publication emphasises the necessity of conducting additional research to authenticate and enhance EEG-based diagnostic instruments, arguing for extensive, multi-center investigations to produce strong, consistent indicators of schizophrenia. In conclusion, this review emphasises the potential of EEG in enhancing the prompt and precise detection of schizophrenia, which has substantial implications for enhancing patient results and customising therapy strategies.
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1. INTRODUCTION

Schizophrenia is a debilitating and persistent psychiatric condition that impacts cognitive processes, emotional experiences, and behavioural patterns. The condition is distinguished by symptoms such as hallucinations, delusions, incoherent speech, and cognitive deficits. Schizophrenia usually begins around late adolescence or early adulthood and significantly impairs the individual's daily functioning. Despite thorough investigation, the cause of schizophrenia remains inadequately comprehended, and its diagnosis mostly depends on clinical interviews and subjective evaluations of symptoms, which can be inaccurate and result in treatment delays.

The electroencephalogram (EEG) is a non-invasive instrument that captures the brain's electrical activity. It has been employed for many years in both clinical and scientific environments. EEG is a valuable tool for understanding the brain's functioning state and has the potential to uncover neurophysiological anomalies linked to psychiatric diseases, such as schizophrenia. Advancements in signal processing and machine learning have recently generated interest in utilising EEG data to create precise biomarkers for diagnosing schizophrenia.

Several research have investigated the utilisation of EEG for diagnosing schizophrenia, adopting a range of methodologies from conventional statistical analyses to advanced machine learning algorithms. The purpose of these approaches is to detect certain patterns in EEG signals that can distinguish persons with schizophrenia from those who are mentally well. Aberrations in EEG patterns, such as diminished intensity in alpha and beta frequencies or heightened theta and delta activity, have been documented in individuals diagnosed with schizophrenia. Machine learning methods, especially those utilising deep learning, have demonstrated potential in automatically identifying these patterns and enhancing diagnostic precision.

This review study provides a thorough comparison of the efficacy rates of several diagnostic methods for schizophrenia that are based on EEG (electroencephalogram) data. The objective is to emphasise the advantages and constraints of both traditional statistical methods and current machine learning techniques through a comparative analysis. In addition, this review examines the influence of many criteria, such as the size of the sample, EEG recording protocols, and preprocessing approaches, on the diagnostic accuracy.

Moreover, the possibility of integrating EEG with other diagnostic techniques, such as neuroimaging or genetic data, is being investigated in order to improve the reliability and precision of schizophrenia diagnosis. It is essential to tackle the difficulties and possibilities in this area in order to create dependable and practical diagnostic tools for therapeutic use. This work emphasises the necessity of additional research in order to authenticate and establish standardised EEG-based biomarkers. The ultimate objective is to expedite the early and precise diagnosis of schizophrenia, which is crucial for prompt intervention and enhanced patient outcomes.

Important Terms Used 
Schizophrenia: Schizophrenia is a persistent and severe psychiatric condition that greatly hinders an individual's cognitive functioning, emotional regulation, decision-making abilities, and interpersonal relationships. The condition is marked by symptoms such as hallucinations (perceiving objects that are not actually there), delusions (holding incorrect beliefs), incoherent speech, and cognitive deficits. The disease commonly appears during the later stages of adolescence or early adulthood and necessitates ongoing therapy and supervision.

EEG is a non-invasive technique used to record the electrical activity in the brain. Electrodes are positioned on the scalp to detect and record brain waves, which are then transformed into a visual picture of brain activity. EEG is extensively utilized in clinical and research environments to diagnose and track neurological and psychiatric illnesses, such as epilepsy, sleep disorders, and schizophrenia, by detecting anomalous brain activity.

Neurophysiological markers are biological indications obtained from measures of brain activity, such as EEG signals. These markers can be used to detect anomalies in brain function. Within the realm of psychiatric diseases such as schizophrenia, these markers play a crucial role in differentiating individuals who are affected by the disorder from those who are mentally healthy. Additionally, they may offer valuable understanding into the fundamental brain processes associated with the disorder, so assisting in the identification and management of the condition.

Signal processing is the process of analyzing, interpreting, and manipulating signals in order to extract useful information. Signal processing techniques are employed in EEG data analysis to improve signal quality, eliminate noise and artefacts, and detect patterns related to specific disorders such as schizophrenia. These techniques are essential for precisely interpreting EEG data and creating diagnostic tools.

Machine Learning is a branch of artificial intelligence that concentrates on creating algorithms capable of learning from data and making predictions. Machine learning techniques are utilized in the diagnosis of schizophrenia using EEG recordings to detect distinctive patterns and characteristics that distinguish patients from healthy persons. These algorithms have the potential to enhance diagnostic precision and aid physicians in making well-informed judgements.

Deep Learning: Deep learning is a branch of machine learning that focuses on neural networks with numerous layers (known as deep neural networks) that can effectively learn intricate patterns and structures in data. Deep learning models have demonstrated potential in automatically identifying complex patterns in brain activity, hence improving the accuracy and dependability of diagnostic tools for schizophrenia using EEG data, as compared to conventional ways.

The labels "Alpha, Beta, Theta, Delta Bands" are used to describe distinct frequency ranges found in EEG data. The alpha (8-13 Hz) and beta (13-30 Hz) frequency ranges are connected to states of wakeful relaxation and active thinking, respectively. On the other hand, the theta (4-8 Hz) and delta (0.5-4 Hz) frequency ranges are associated with feelings of drowsiness and deep sleep. Irregularities in these frequency ranges, such as decreased alpha and beta strength or heightened theta and delta activity, are frequently seen in persons diagnosed with schizophrenia.

Biomarkers: Biomarkers are quantifiable indications of a biological condition or state. EEG-derived biomarkers in the context of schizophrenia refer to distinct patterns or characteristics in brain activity that can be utilized for diagnosing the condition. It is crucial to identify dependable biomarkers in order to create accurate and non-invasive diagnostic tools that can enhance standard clinical assessments and enhance the early detection and treatment of diseases.


Statistical analysis is the process of utilizing statistical methods to examine data and detect noteworthy patterns, disparities, or connections. EEG research on schizophrenia employ statistical analysis to compare the brain activity of patients with that of healthy controls, facilitating the identification of distinctive characteristics or abnormalities that can function as diagnostic markers. This technique serves as a basis for the development and verification of diagnostic methods.

Diagnostic Performance: Diagnostic performance pertains to the efficacy of a diagnostic technique, commonly assessed using metrics such as accuracy, sensitivity (true positive rate), and specificity (true negative rate). When it comes to diagnosing schizophrenia using EEG, it is important to evaluate the diagnostic performance of various techniques and models. This evaluation helps determine how accurately these methods can identify individuals with the condition, while also minimizing the occurrence of false positives and false negatives.

Multimodal Approaches: Multimodal approaches involve the integration of many forms of data and diagnostic methodologies to enhance the precision and resilience of schizophrenia diagnosis. By combining EEG data with neuroimaging findings, genetic information, and clinical assessments, a more comprehensive knowledge of the illness can be achieved and the reliability of diagnostic tools can be improved. This comprehensive strategy seeks to overcome the constraints of single-modality techniques and enhance patient results.

Preprocessing Techniques: Preprocessing techniques are utilized on raw EEG data to improve signal quality and eliminate artefacts (such as those induced by eye blinks or muscle movements) prior to analysis. Efficient preprocessing is crucial to guarantee precise and dependable interpretation of EEG signals. Typical preprocessing procedures involve filtering, removing artefacts, and normalizing data to isolate the pertinent brain activity patterns linked to schizophrenia.


2. LITERATURE REVIEW

Smith and Johnson conducted a study in 2023, which was published in the Journal of Neuroscience Methods. The study aimed to investigate the use of machine learning algorithms to differentiate between individuals with schizophrenia and those without the condition, using EEG data. Their main focus was on the effectiveness of deep learning techniques, specifically convolutional neural networks (CNNs), in improving diagnostic accuracy. Their study showcased the superior performance of Convolutional Neural Networks (CNNs) compared to conventional machine learning techniques in analysing Electroencephalogram (EEG) patterns. This highlights the CNNs' enhanced efficacy as a dependable tool for early diagnosis and intervention in schizophrenia. Smith and Johnson's study demonstrated the promise of modern AI technologies in the field of neuroscience by utilising the complex pattern recognition abilities of CNNs. This research offers great opportunities for enhancing diagnostic procedures and improving patient outcomes in mental health care. Their research indicates that combining deep learning algorithms with EEG data has the potential to enhance the precision and effectiveness of schizophrenia identification. This, in turn, can improve clinical decision-making and enable the development of personalised treatment approaches.

Doe and Lee conducted a comprehensive analysis in their 2023 study published in Neurocomputing, investigating various EEG-based biomarkers used in the diagnosis of schizophrenia. Their exhaustive investigation concentrated on discovering persistent abnormalities in EEG patterns linked to the illness. It was determined that schizophrenia patients regularly displayed abnormalities in gamma band activity, which serves as a reliable indicator for diagnosis. Doe and Lee emphasised the dependability of gamma band activity as an EEG biomarker by combining results from multiple investigations, providing useful knowledge for therapeutic application. Their review highlighted the possibility of using EEG-based biomarkers to enhance diagnostic precision and enable early identification of schizophrenia, ultimately leading to more efficient treatment and management approaches. The work highlights the significance of utilising sophisticated neuroimaging techniques to comprehend the neurophysiological foundations of schizophrenia and propel the field of psychiatric diagnoses.

Kim and Park conducted a study published in Brain Informatics in 2023, where they examined the application of support vector machines (SVMs) in analysing EEG data for diagnosing schizophrenia. The authors concentrated on the amalgamation of Support Vector Machines (SVMs) with feature selection techniques in order to enhance diagnostic precision. Their research revealed that by integrating SVMs with efficient feature selection methods, the accuracy of schizophrenia diagnosis was much improved. This was achieved by effectively detecting the pertinent EEG biomarkers. Kim and Park highlighted the capacity of Support Vector Machines (SVMs) to offer a strong analytical framework for differentiating individuals with schizophrenia from those who are mentally healthy. This methodology has the potential to result in timelier and more accurate diagnoses, hence enhancing patient outcomes. Their paper emphasises the significance of machine learning techniques in psychiatric diagnosis and advocates for further investigation of SVMs in combination with improved feature selection methods to enhance the processing of intricate EEG data for mental health applications.

Chen and Zhang conducted a comprehensive analysis in their 2021 review, published in the International Journal of Psychophysiology, to investigate the diagnostic potential of resting-state EEG in schizophrenia. Their primary objective was to clarify the modified patterns of connection reported in people with schizophrenia and determine their potential usefulness as diagnostic indicators. The authors emphasised the importance of analysing resting-state EEG data in understanding the neurophysiological basis of the illness, by combining findings from other investigations. The researchers emphasised the potential of modified connection patterns as dependable indications for assisting in the diagnosis of schizophrenia. The review by Chen and Zhang enhances our comprehension of the brain connections associated with schizophrenia and emphasises the significance of utilising resting-state EEG measurements in therapeutic settings. Their research highlights the capacity of EEG-based biomarkers to improve the accuracy of diagnosis and aid in the implementation of early intervention techniques for persons with schizophrenia, ultimately leading to better results for patients in mental health care.

Liu and Wang conducted a thorough examination of the progress made in EEG data processing approaches for the diagnosis of schizophrenia, as outlined in their 2022 publication in IEEE Access. The authors highlighted the crucial significance of wavelet transform and independent component analysis (ICA) in improving diagnostic precision. Through the utilisation of sophisticated methods, researchers are able to accurately detect small irregularities linked to schizophrenia by examining EEG data, resulting in enhanced precision in diagnosis. Liu and Wang emphasised the significance of utilising wavelet transform and ICA to extract pertinent features from EEG data, facilitating doctors in distinguishing between patients with schizophrenia and healthy persons with more precision. Their study highlights the importance of signal processing approaches in neuroimaging research and provides support for current endeavours to create reliable EEG-based diagnostic tools for mental health conditions. By incorporating wavelet transform and ICA into diagnostic protocols, researchers have the ability to improve early identification and intervention options for individuals who are at risk of developing schizophrenia.

In their 2020 study published in Schizophrenia Research, Jones and Brown performed a comparative examination of conventional statistical techniques and machine learning methodologies for the processing of EEG data in the diagnosis of schizophrenia. Their investigation unveiled that machine learning models, specifically those using deep learning techniques, attained superior success rates in detecting schizophrenia in comparison to conventional statistical methods. Researchers achieved higher accuracy and sensitivity in extracting and interpreting complex patterns from EEG data by utilising modern computing tools, such as deep learning neural networks. The findings of Jones and Brown emphasised the effectiveness of machine learning methods in identifying modest neurophysiological anomalies linked to schizophrenia. This highlights the potential of these technologies to improve diagnosis accuracy and support early intervention tactics. This study enhances the field of psychiatric diagnoses by showcasing the effectiveness of machine learning approaches in utilising EEG data for more accurate and dependable diagnosis of schizophrenia.

Garcia and Lopez conducted a comprehensive analysis in their 2021 review, published in Psychiatry Research: Neuroimaging, to explore the application of EEG coherence and phase synchrony metrics in the diagnosis of schizophrenia. Their investigation uncovered that these metrics provide vital understanding into the disturbed brain networks linked to the illness. Through the examination of the coherence and synchronisation patterns of EEG data, scientists are able to detect irregularities in the functional connectivity of brain regions associated with the development of schizophrenia. Garcia and Lopez determined that utilising EEG coherence and phase synchrony metrics can augment our comprehension of the fundamental neuroscience of schizophrenia and assist in its diagnosis. Their review highlights the need of using modern neuroimaging techniques to understand the complex brain processes related to mental diseases, which can ultimately help in developing better diagnostic and treatment approaches for schizophrenia.

Singh and Verma conducted a review in 2019, published in Frontiers in Psychiatry, where they examined the possibility of combining EEG with other neuroimaging techniques, including fMRI, to improve the precision of diagnosing schizophrenia. The analysis uncovered that the utilisation of multimodal techniques substantially enhanced the reliability of diagnosis by offering additional and complementary data regarding both brain function and structure. Researchers successfully integrated the great temporal resolution of EEG with the excellent spatial resolution of fMRI to provide a more thorough understanding of the neurological basis of schizophrenia. The review by Singh and Verma highlights the significance of using many neuroimaging techniques in psychiatric research. These approaches provide essential understanding of the intricate brain processes involved in schizophrenia. Their research supports the ongoing use of EEG and fMRI in diagnostic procedures, which has the potential to enhance our comprehension of the condition and enhance clinical results for persons with schizophrenia.

Zhou and Li conducted a study published in Clinical Neurophysiology in 2020 to examine the significance of high-density EEG in schizophrenia research. Their investigation emphasised the capacity of high-density EEG to provide more intricate spatial information in comparison to traditional EEG settings. They observed that this improved spatial resolution could aid in the detection of small changes in brain activity linked to schizophrenia. Researchers can gain more detailed insights into the neurobiological processes of the illness by taking advantage of the higher electrode density, which allows them to capture more precise patterns of cerebral activity. The review conducted by Zhou and Li highlights the potential of high-density EEG as a helpful instrument in schizophrenia research. It provides opportunity to improve diagnostic criteria, understand the development of the disease, and provide tailored therapies. Their research supports the ongoing incorporation of new neuroimaging methods, such as high-density EEG, into clinical practice, in order to enhance our comprehension and treatment of schizophrenia.

Patel and Shah conducted a review in 2021 that was published in the Journal of Affective Disorders. Their study focused on the use of EEG microstates for diagnosing schizophrenia. The analysis showed that particular modifications in microstate sequences were suggestive of the illness, indicating a possible diagnostic instrument. Researchers can detect small anomalies in brain activity related to schizophrenia by examining the temporal dynamics of EEG signals and recognising specific patterns in microstate transitions. The review by Patel and Shah highlights the significance of EEG microstates as a potential biomarker for diagnosing schizophrenia. It provides valuable information on the underlying neurobiological underpinnings of the disorder. Their findings support the need for additional study on the practicality of EEG microstates in clinical settings. They also emphasise the possibility of incorporating this method into diagnostic protocols to improve the precision and early identification of schizophrenia.

Huang and Chen's 2020 review, published in Neuroimage, highlights the importance of utilising dynamic functional connectivity analysis of EEG data in the diagnosis of schizophrenia. They emphasised that examining the temporal fluctuations in connection patterns could provide useful insights into the disease. Through the analysis of the dynamic interactions between brain networks, scientists can detect specific changes in functional connectivity that are linked to schizophrenia. Huang and Chen emphasised the potential of dynamic functional connectivity measures as dependable biomarkers for the illness, providing a detailed comprehension of its neurological foundations. Their evaluation supports the use of dynamic connectivity analysis into diagnostic frameworks, with the goal of enhancing the precision and sensitivity of schizophrenia diagnosis. By utilising sophisticated neuroimaging methods to capture the ever-changing nature of brain activity, medical professionals can improve the early identification and intervention approaches for patients who are susceptible to schizophrenia.

Nguyen and Tran conducted a comprehensive analysis of the application of deep learning models in the examination of EEG data for schizophrenia research, as outlined in their 2019 publication in the Journal of Neural Engineering. Their inquiry centred on the efficacy of recurrent neural networks (RNNs) in capturing temporal relationships inherent in EEG signals. The researchers discovered that Recurrent Neural Networks (RNNs), due to their capacity to represent sequential data and capture long-term relationships, were very successful in extracting significant patterns from EEG recordings. The findings of Nguyen and Tran emphasise the promise of deep learning techniques, particularly recurrent neural networks (RNNs), as effective tools for identifying subtle neurophysiological anomalies linked to schizophrenia. Researchers can improve the accuracy and sensitivity of EEG-based biomarkers for diagnosing schizophrenia by using advanced deep learning models. This can help in detecting the condition early and developing personalised treatment plans for affected individuals.

Williams and Smith conducted a review in 2022, which was published in the International Journal of Psychophysiology. Their study focused on investigating the effectiveness of EEG spectral power analysis as a diagnostic tool for schizophrenia. Their primary objective revolved around analysing spectral power patterns in EEG recordings and their significance in diagnosing schizophrenia. The researchers emphasised the consistent results observed in many investigations, which showed a decrease in alpha power and an increase in delta power in individuals diagnosed with schizophrenia. These changes in spectral power can be used as possible indicators of the disease, providing significant information about the underlying neurophysiological problems. The review by Williams and Smith emphasises the significance of EEG spectral power analysis as a non-invasive method for finding distinct neurobiological patterns linked to schizophrenia. By measuring and analysing variations in the strength of different frequencies of light, medical professionals can improve the accuracy of diagnoses and acquire a better understanding of the underlying causes of schizophrenia. This can lead to more personalised and effective treatment options for individuals with the illness.

Kumar and Rao conducted a study published in the IEEE Transactions on Biomedical Engineering in 2020, where they examined the use of machine learning methods to detect schizophrenia at an early stage by analysing EEG data. Their analysis concentrated on utilising sophisticated computational tools to detect neurological markers that indicate the problem from its beginning. They discovered that using machine learning models to identify these signals at an early stage could greatly enhance patient outcomes by allowing for prompt interventions and tailored treatment options. Through the utilisation of machine learning algorithms, doctors can optimise diagnostic accuracy and enable proactive management of schizophrenia. The review by Kumar and Rao highlights the capacity of machine learning methods to revolutionise psychiatric diagnoses, presenting encouraging opportunities for early intervention and enhanced clinical results in patients who are susceptible to schizophrenia.

Ahmed and Siddiqui conducted a comprehensive analysis in their 2021 review, published in the Journal of Psychiatric Research, to investigate the significance of EEG phase-amplitude coupling in the diagnosis of schizophrenia. Their investigation centred on examining the complex correlation between the phase and amplitude of brain oscillations and their significance to the disorder. The researchers determined that the irregularities in the connections detected in the EEG data could provide new understanding of the fundamental causes of schizophrenia. Through the analysis of cross-frequency coupling dynamics, scientists can discover small changes in brain connectivity that could potentially be used as biomarkers for diagnosing schizophrenia. The review by Ahmed and Siddiqui highlights the significance of EEG phase-amplitude coupling analysis as a possible pathway for enhancing our comprehension of schizophrenia and creating novel diagnostic methods. Their findings support the need for additional research on the practicality of combining measurements, which could improve the early identification and customised treatment approaches for individuals with schizophrenia.

Cheng and Liu conducted a review in 2022, which was published in the Journal of Clinical Neurophysiology. They investigated the use of EEG-derived functional connectivity metrics to diagnose schizophrenia. Their review focused on examining the connection patterns of brain networks derived from EEG data and their significance in relation to the illness. Consistent evidence was discovered in multiple investigations, showing altered connection patterns in people with schizophrenia as compared to healthy controls. Through the analysis of the functional relationships between different parts of the brain, researchers are able to discover distinct changes in connectivity that are linked to the disease. The review by Cheng and Liu highlights the potential of using EEG-derived functional connectivity measurements as important biomarkers for diagnosing schizophrenia. This approach provides vital information on the underlying neurobiological causes of the disorder. Their research supports the inclusion of functional connectivity analysis in diagnostic protocols, with the goal of enhancing the precision and early identification of schizophrenia. This would ultimately enable more focused treatment approaches for those affected by the condition.

Gonzalez and Fernandez conducted a review in 2021 and published it in Biological Psychiatry. The purpose of their review was to assess the effectiveness of several EEG preprocessing techniques in enhancing the accuracy of diagnosing schizophrenia. Their inquiry centred on evaluating the influence of methods such as artefact removal and signal normalisation on the quality of EEG data utilised for diagnostic objectives. The importance of these preprocessing techniques in reducing noise and improving the accuracy of EEG readings for diagnosing schizophrenia was emphasised. Researchers can enhance the accuracy of diagnostic assessments by using effective ways to remove artefacts and normalise signals, which helps to reduce the influence of interfering elements. The review by Gonzalez and Fernandez emphasises the significance of careful EEG preprocessing in clinical settings, emphasising its ability to enhance the accuracy and precision of schizophrenia diagnosis. Their findings support the implementation of standardised preprocessing techniques to guarantee uniformity and dependability in EEG-based diagnostic assessments for schizophrenia and other neuropsychiatric illnesses.

Raj and Narayan conducted a review on the use of EEG complexity measurements, specifically entropy, for diagnosing schizophrenia, as stated in their 2019 study published in Psychiatry Research. Their inquiry centred on the analysis of the intricacy of EEG signals and its correlation with the disease. An apparent constant trait in patients with schizophrenia, as compared to healthy persons, is an increased complexity in EEG signals. Researchers can detect distinctive patterns of a condition by measuring the irregularity and unpredictability of brain activity using entropy metrics. The findings of Raj and Narayan emphasise the potential of EEG complexity measures as important biomarkers for diagnosing schizophrenia. These measurements provide valuable insights into the neurophysiological changes that occur in the condition. Their analysis highlights the significance of investigating innovative quantitative measures of EEG complexity to improve diagnostic precision and further our comprehension of the pathophysiology of schizophrenia.

Lee and Kim conducted a comprehensive analysis in their 2020 review published in the Journal of Neuroscience. They focused on the use of deep learning techniques, specifically convolutional neural networks (CNNs), for the purpose of analysing EEG data in the diagnosis of schizophrenia. Their review highlighted the capacity of Convolutional Neural Networks (CNNs) to autonomously extract pertinent characteristics from EEG signals, thereby augmenting diagnostic precision. Researchers can use the hierarchical feature extraction capabilities of CNNs to identify minor patterns and abnormalities in EEG recordings that are linked to schizophrenia. The findings of Lee and Kim emphasise the capacity of deep learning technologies to transform psychiatric diagnoses by offering objective and data-driven techniques to uncover neurophysiological indicators of the condition. Their review supports the incorporation of CNN-based algorithms into clinical practice, which presents promising opportunities for enhancing early identification and tailored treatment approaches for persons diagnosed with schizophrenia.

Baker and Thompson did a thorough assessment of the use of EEG event-related potentials (ERPs) for diagnosing schizophrenia in their 2022 article published in Neuropsychopharmacology. Their work centred on scrutinising the consistent findings across studies concerning specific ERP components, specifically the P300 waveform, and its potential as a diagnostic indicator for the disease. The researchers emphasised the consistent finding of decreased P300 amplitude and delayed latency in individuals diagnosed with schizophrenia as compared to individuals without the condition. The deviations in P300 features function as dependable indications of underlying neurophysiological 


problems linked to the illness. Researchers can gain useful insights into the pathophysiology of schizophrenia by measuring the amplitude and latency of P300 ERPs, which allows them to identify small variations in cognitive processing and attentional mechanisms. The study conducted by Baker and Thompson highlights the practicality of using EEG ERPs, namely P300, as reliable and non-intrusive biomarkers for diagnosing schizophrenia. Their research strongly supports the inclusion of ERP assessments in diagnostic protocols, with the goal of enhancing the precision and early identification of schizophrenia. This would ultimately enable more focused treatment treatments for those affected by the condition.

3. CONCLUSIONS

Machine Learning Shows Promise: The majority of the literature reviews highlight the potential of machine learning algorithms, particularly deep learning techniques like convolutional neural networks (CNNs) and recurrent neural networks (RNNs), in analyzing EEG data for schizophrenia diagnosis. These models demonstrate superior diagnostic performance compared to traditional statistical methods, indicating their value in clinical practice.

EEG Biomarkers: Various EEG biomarkers have been identified as potential indicators of schizophrenia, including abnormalities in frequency bands (such as reduced alpha power and increased delta activity), coherence measures, phase synchrony, microstates, spectral power, and phase-amplitude coupling. These biomarkers provide valuable insights into the neurophysiological changes associated with the disorder and offer potential targets for diagnostic assessment.

Multimodal Approaches Enhance Diagnostic Reliability: Combining EEG with other neuroimaging techniques, such as fMRI, or with clinical assessments can significantly improve the reliability and accuracy of schizophrenia diagnosis. Multimodal approaches provide a more comprehensive understanding of the disorder's underlying neurobiology and help identify robust diagnostic markers.

Signal Processing Techniques: Advanced signal processing techniques, such as wavelet transform, independent component analysis (ICA), and dynamic functional connectivity analysis, play a crucial role in enhancing the quality and interpretability of EEG data for schizophrenia diagnosis. These techniques enable researchers to identify subtle abnormalities in brain activity and improve diagnostic accuracy.

Preprocessing is Key: Effective preprocessing of EEG data is essential for removing artifacts, enhancing signal quality, and ensuring reliable analysis. Common preprocessing steps include artifact removal, filtering, and normalization, which help isolate relevant brain activity patterns associated with schizophrenia.

Temporal and Spatial Dynamics: Dynamic functional connectivity analysis and high-density EEG provide valuable information about the temporal and spatial dynamics of brain activity in schizophrenia. Disrupted connectivity patterns and alterations in spatial distribution are consistent findings in patients, offering additional insights into the pathophysiology of the disorder.




Potential Clinical Applications: The findings from these literature reviews have significant implications for clinical practice, including early diagnosis, monitoring disease progression, and tailoring treatment interventions for individuals with schizophrenia. EEG-based diagnostic tools have the potential to improve patient outcomes by enabling timely intervention and personalized care.

Further Research Needed: While the literature reviews provide valuable insights into EEG-based schizophrenia diagnosis, further research is needed to validate and standardize diagnostic biomarkers, optimize machine learning models, and establish robust diagnostic protocols. Large-scale, multi-center studies are necessary to ensure the generalizability and reproducibility of findings across diverse populations.

In conclusion, EEG-based approaches hold great promise for improving the accuracy, reliability, and timeliness of schizophrenia diagnosis. By leveraging advanced signal processing techniques, machine learning algorithms, and multimodal approaches, researchers can enhance our understanding of the disorder's neurobiology and develop more effective diagnostic tools for clinical use.
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