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Abstract- Researchers have consistently shown that 

individuals with schizophrenia experience cognitive 

impairment throughout the last few decades. Cognitive 

deficits cause functional impairment in patients. Neuro-

feedback has been found to aid in symptom reduction as 

well as functional improvement. AB After being 

diagnosed with paranoid schizophrenia by a qualified 

psychiatrist from the outpatient department of the 

Institute of Mental Health and Hospital Agra, a 29-

year-old man who is right-handed, a graduate, single, 

and from a middle socioeconomic background was 

referred for cognitive evaluation and rehabilitation. He 

currently lives with his parents in Agra.A cognitive 

evaluation of the patient showed impairment in 

executive skills, memory, and attention. For thirty 

sessions, six days a week, he received Neuro-feedback; 

each session lasted roughly twenty minutes. Significant 

progress was observed in all areas of social and 

cognitive functioning in the post-intervention scores. 

Index Terms- Schizophrenia, Neurofeedback, 

Neuropsychological Functioning 

I. INTRODUCTION 

Schizophrenia affects 1 in 300 people worldwide, or 

around 0.32% of the world's population [1], and is 

one of the top 10 causes of disability [2]. From high 

levels of functionality to severe disruptions, this 

syndrome can induce a wide spectrum of functional 

disturbances [3]. It has been discovered that 

premorbid adjustment and psychosocial function are 

higher in women. Compared to males, they 

experience less unpleasant symptoms, especially 

those related to expressiveness rather than 

amotivation [4].Current study is focused on the 

strong relationship between brain changes and 

symptoms of schizophrenia. The co-occurrence of 

positive symptoms and poor impulse control, 

followed by violence, has a neurobiological 

foundation. Decreases in inferior parietal lobule 

volume and internal capsule integrity, as well as in 

total cortical volume, global white matter integrity, 

and additional dorsolateral prefrontal cortex (DLPC) 

volume, are associated with increased intensity of 

positive symptoms and worse impulse control 

[5].Negative symptoms appear to be associated with 

the neurobiological basis of hypofrontality, 

specifically the cortical thinning of the medial 

orbitofrontal cortex [6] and the hypoactivation of the 

ventrolateral prefrontal cortex and ventral striatum 

[7]. Cognitive symptoms are an important therapeutic 

target because they have a substantial impact on 

memory, execution function, processing speed, and 

functionality [8]. Abnormally reduced functional 

connectivity between the thalamic, frontal, temporal, 

occipital, and cerebellar areas has been associated to 

cognitive processes [9].Despite taking antipsychotic 

medication, over 30% of people still have pleasant 

symptoms, such as visual and auditory hallucinations. 

Even though clozapine is the recommended treatment 

for psychopharmacological therapy of resistant kinds, 

up to 60% of patients showed poor response to it 

[10]. 

Therefore, alternative methods are needed to deal 

with treatment-resistant cases. Recent developments 

in computational neurobiology have reignited interest 

in neurofeedback (NF), a new therapy approach that 

involves self-regulation or neuromodulation, as a 

means of potentially reducing cognitive symptoms in 

individuals with schizophrenia. During treatment, the 

patient receives real-time input through a brain-

machine interface. NF utilizes Pavlovian operant 

conditioning, which allows patients to receive real-

time feedback and directly perceive specific neuronal 
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events using a visual or auditory representation of 

their own brain activity while performing a cognitive 

task, in order to modulate the brain waves and 

rhythms in the area of interest and, consequently, 

optimize cognitive strategies to achieve 

neuromodulation [11].In conclusion, NF uses a 

variety of stimuli to bring the subconscious processes 

into the conscious realm, giving the person control 

over them. This treatment may be based on various 

neuronal activity-collecting techniques, including 

hemoencephalography (HEG), functional magnetic 

resonance imaging (fMRI), electroencephalogram 

(EEG), and functional near-infrared spectroscopy 

(fNIRS)[12].Many people with schizophrenia still 

experience social dysfunctions and treatment-

resistant AVH despite recent advancements in 

antipsychotics. According to recent research, real-

time NFB may help patients manage their own 

speech-related and language-related networks, giving 

them more control over their AVH [13] 

II. DESIGN 

Pre-post interventional single case study design was 

adapted. 

III. CASE REPORT 

AB was a 29-year-old man from Agra who was right-

handed, had graduated, was single, and lived with his 

parents. The clinical psychology department was 

consulted for psychosocial assistance after the 

psychiatry department diagnosed paranoid 

schizophrenia.  

AB had been suffering from episodic schizophrenia 

for five years. Delusions, hallucinations, and the 

negative symptoms of apathy, social disengagement, 

and muted affect had been the hallmarks of the 

episodes. His social functioning was also 

compromised, as seen by his poor social skills, 

communication difficulties, and interpersonal 

interactions. No history of psychiatric illness was 

present in the family. The patient had been a calm 

child in terms of temperament. 

A suitable dosage of antipsychotic medication 

(Risperidone, 4 mg BD) was being administered to 

AB. When AB first arrived to the clinical psychology 

department, he complained of having no friends, bad 

interpersonal relationships with family, difficulty 

remembering what he had learned, difficulty doing 

household chores, and difficulty going shopping on 

his own. While muted affect, poor abstraction, 

emotional withdrawal, and social disengagement 

were unfavorable symptoms at the time of 

presentation, AB did not exhibit any good symptoms.  

A semi-structured socio-demographic and clinical 

data sheet was used to gather information during the 

clinical interview. The following measures were 

subjected to neuropsychological evaluation before 

and after cognitive rehabilitation: Positive and 

Negative Syndrome Scale[14], Cognitive Symptom 

Checklist[15], Digit Symbol Substitution[16], PGI 

Memory Scale[17], Trail Making Test[18] and 

Wisconsin Card Sorting Test[19]. 

Intervention 

Targeting particular brain waves that have been 

demonstrated to enhance cognitive abilities in a 

variety of clinical settings, electroencephalograph 

neurofeedback training (EEG NFT) is a noninvasive 

brain wave training method. The patient had 20 

sessions of the alpha/theta treatment with C3, C4 

scalp locations training, which lasted 20 minutes each 

and was conducted six days a week for 30 sessions. 

 

Table 1: Pre and Post intervention scores on different neuropsychological test   

Neuropsychological Test   Pre-Assessment Post-Assessment 

PANSS Positive  15 9 

Negative  32 15 

General 54 32 

Cognitive Symptom 

Checklist 

 

Attention / Concentration  34 10 

Executive Function 56 17 

Memory 47 27 

Visual Processing 12 7 

Language  14 5 
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Digit Symbol Substitution Test 

 

18 37 

PGI Memory Scale 

 

21 12 

Trail Making Test 

 

Trail Making Part- A 167 68 

Trail Making Part- B  269 102 

Wisconsin Card 

Sorting Test 

 

Number of trials Administered 128 128 

Total Number of Correct 61 82 

Total Number of Errors 67 46 

Percent Errors 52 35 

Perseverative Responses  40 19 

Percent Perseverative Responses 31 16 

Perseverative Errors 37 19 

Percent Perseverative Errors 29 16 

Non-perseverative Errors 29 16 

Percent   Non-perseverative Errors 25 13 

Conceptual Level Responses  37 74 

Percent  Conceptual Level Responses 29 62 

Number of Categories Completed 1 5 

Trials to Complete First Category 67 26 

 

IV. DISCUSSION 

The case study provides insight into the use of neuro-

feedback as an intervention for a patient suffering 

from a debilitating psychiatric illness .By employing 

fMRI, fNIRS, and EEG/MEG to modulate their own 

speech-related/language-related networks, such as the 

superior temporal gyrus (STG) and anterior cingulate 

cortex (ACC), NFB is a promising approach that 

gives patients control over their 

AVH.Pharmacological intervention programs 

combined with neurofeedback training were found to 

improve psychopathology and cognitive functioning 

in a patient with schizophrenia.In order to use EEG 

NF as a therapy target, it is necessary to identify the 

area of the brain or electrical activity linked to a 

specific set of behaviors. Furthermore, the target is a 

component of a brain circuit whose functioning is 

somewhat understood in healthy individuals and 

compromised in diseased ones. In contrast to 

conventional therapies, these focus on treating a 

constellation of behaviors resulting from a neural 

network damage rather than syndromes or groups of 

symptoms. As a result, neuromodulation therapies 

offer chances to improve mechanistic understanding 

of illnesses in addition to providing treatment. In this 

regard, NF enhances a person's capacity to master 

how their brains process information in a certain 

neural network. 

The present case study highlights an improved 

functioning in each aspect, according to the test 

results obtained after the intervention. Neurofeedback 

training enhances brain waves by boosting neural 

plasticity, which helps patients learn and carry out 

social and professional responsibilities. The patient's 

mood, family relationships, and occupational 

recuperation all improve as a result. Additionally, 

improved relationships within the family and with 

societyare evidently noted. 

The case report's findings are in good agreement with 

a prior case study in which both participants 

demonstrated the capacity to control SMR, beta, 

theta, and alpha activity following NF training. 

Additionally, neuropsychological tests (Go/No-go, 

GAF, and PANSS) showed that both 

patients’negative symptoms had significantly 

improved [20].In patients with auditory visual 

hallucinations, the EEG NF has also been shown to 

be effective in reducing both positive and negative 

symptoms. Working memory and positive and 

negative symptoms of schizophrenia both 

significantly improved after the post-assessment, and 
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these improvements persisted for 22 months 

[21].Emotion control is another important function of 

the EEG NF. According to one study, the NF group's 

frontal delta asymmetry was much lower than that of 

the control group. Additionally, compared to the 

control group, patients in the therapy group 

outperformed them on an International Affective 

Picture System task [22].During the WCST, 

abnormal perfusion in the prefrontal cortex known as 

"hypofrontality" has been noted [23]. The enhanced 

performance in WCST may have resulted from the 

down-regulation of delta power, which may have 

altered the Dorso-Lateral Pre Frontal Cortex's 

function thought to facilitate cognitive control [24]. 

Therefore, it may be said that individuals with 

schizophrenia are capable of learning to control their 

bioelectrical activity and using it in different contexts 

when necessary. 

Electroencephalograms (EEGs) were frequently 

utilized in the past for NFB, but their quality was 

poor due to flaws in the equipment and processing 

methods. But when it comes to temporal resolution in 

the millisecond range, which is essential for real-time 

NFB, EEG and MEG clearly have an advantage [25, 

26]. Furthermore, the assessment of brain activity in 

particular frequencies and the associated functions 

during tasks and rest (spontaneous activity) has been 

made possible by time-frequency analysis [2, 26, 13]. 

Thus, in addition to fMRI-NFB, real-time 

EEG/MEG-based NFB may be the best NFB system 

as an alternate therapy strategy for AVH in patients 

with schizophrenia, considering the dynamic 

character of AVH. 

V. CONCLUSION 

Neurofeedback training has been demonstrated to 

benefit individuals with schizophrenia. 

Neurofeedback training improves cognitive 

processes. It improves social and professional 

functioning. When used in conjunction with 

psychosocial intervention, interpersonal relationships 

improve. Subjectively, the patient reported significant 

improvements in their focus, patience, and 

attentiveness. 

VI. FINANCIAL SUPPORT AND 

SPONSORSHIP 

Nil.  

VII. CONFLICTS OF INTEREST 

There are no conflicts of interest. 

 

REFERENCE 

[1]. McCutcheon RA, Marques TR, Howes OD. 

Schizophrenia—an overview. JAMA 

psychiatry. 2020 Feb 1;77(2):201-10. 

[2]. Hirano Y, Oribe N, Onitsuka T, Kanba S, 

Nestor PG, Hosokawa T, Levin M, Shenton 

ME, McCarley RW, Spencer KM. Auditory 

cortex volume and gamma oscillation 

abnormalities in schizophrenia. Clinical EEG 

and neuroscience. 2020 Jul;51(4):244-51. 

[3]. Yasuda Y, Okada N, Nemoto K, Fukunaga M, 

Yamamori H, Ohi K, Koshiyama D, Kudo N, 

Shiino T, Morita S, Morita K. Brain 

morphological and functional features in 

cognitive subgroups of schizophrenia. 

Psychiatry and clinical neurosciences. 2020 

Mar;74(3):191-203. 

[4]. Horga G, Abi-Dargham A. Publisher 

correction: an integrative framework for 

perceptual disturbances in psychosis. Nature 

Reviews Neuroscience. 2020 May;21(5):297-. 

[5]. Ćurčić-Blake B, Ford JM, Hubl D, Orlov ND, 

Sommer IE, Waters F, Allen P, Jardri R, 

Woodruff PW, David O, Mulert C. Interaction 

of language, auditory and memory brain 

networks in auditory verbal hallucinations. 

Progress in neurobiology. 2017 Jan 1;148:1-20. 

[6]. Sterzer P, Adams RA, Fletcher P, Frith C, 

Lawrie SM, Muckli L, Petrovic P, Uhlhaas P, 

Voss M, Corlett PR. The predictive coding 

account of psychosis. Biological psychiatry. 

2018 Nov 1;84(9):634-43. 

[7]. Smith R, Badcock P, Friston KJ. Recent 

advances in the application of predictive coding 

and active inference models within clinical 

neuroscience. Psychiatry and Clinical 

Neurosciences. 2021 Jan;75(1):3-13. 

[8]. Green MF, Kern RS, Braff DL, Mintz J. 

Neurocognitive deficits and functional outcome 

in schizophrenia: are we measuring the “right 

stuff”?. Schizophrenia bulletin. 2000 Jan 

1;26(1):119-36. 

[9]. Kahn RS, van Rossum IW, Leucht S, McGuire 

P, Lewis SW, Leboyer M, Arango C, Dazzan P, 



© July 2025 | IJIRT | Volume 12 Issue 2 | ISSN: 2349-6002 

IJIRT 182570 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2607 
 

Drake R, Heres S, Díaz-Caneja CM. 

Amisulpride and olanzapine followed by open-

label treatment with clozapine in first-episode 

schizophrenia and schizophreniform disorder 

(OPTiMiSE): a three-phase switching study. 

The Lancet Psychiatry. 2018 Oct 1;5(10):797-

807. 

[10]. Kane JM, Kishimoto T, Correll CU. 

Non‐adherence to medication in patients with 

psychotic disorders: epidemiology, contributing 

factors and management strategies. World 

psychiatry. 2013 Oct;12(3):216-26. 

[11]. Coyle JT, Ruzicka WB, Balu DT. Fifty years of 

research on schizophrenia: the ascendance of 

the glutamatergic synapse. American Journal of 

Psychiatry. 2020 Dec 1;177(12):1119-28. 

[12]. Tosti B, Corrado S, Mancone S, Di Libero T, 

Rodio A, Andrade A, Diotaiuti P. Integrated use 

of biofeedback and neurofeedback techniques 

in treating pathological conditions and 

improving performance: A narrative review. 

Frontiers in Neuroscience. 2024 Mar 

19;18:1358481.Kay SR, Fiszbein A, Opler LA. 

The positive and negative syndrome scale 

(PANSS) for schizophrenia. Schizophrenia 

bulletin. 1987 Jan 1;13(2):261-76. 

[13]. Hirano Y, Tamura S. Recent findings on 

neurofeedback training for auditory 

hallucinations in schizophrenia. Current opinion 

in psychiatry. 2021 May 1;34(3):245-52.  

[14]. O’Hara C, Harrell M, Bellingrath E, Lisicia K. 

Cognitive symptom checklists-clinician’s guide. 

Odessa, FL: Psychological Assessment 

Resources.(1993) 

[15]. Wechsler D. Wechsler adult intelligence scale-

revised (WAIS-R). Psychological corporation; 

(1981) 

[16]. Pershad D, Wig NN. Reliability and validity of 

a new battery of memory tests (PGI memory 

scale). Indian Journal of Psychiatry. 1978 Jan 

1;20(1):76-80. 

[17]. Goul WR, Brown M. Effects of age and 

intelligence on trail making test performance 

and validity. Perceptual and Motor Skills. 1970 

Feb;30(1):319-26. 

[18]. Heaton RK. Wisconsin card sorting test. 

Psychological assessment resources. 1981. 

[19]. Pazooki K, Leibetseder M, Renner W, 

Gougleris G, Kapsali E. Neurofeedback 

Treatment of Negative Symptoms in 

Schizophrenia: Two Case Reports. 

ApplPsychophysiol Biofeedback Mar 

2019;44(1):31-39. 

[20]. Nan W, Wan F, Chang L, Pun SH, Vai MI, 

Rosa A. An Exploratory Study of Intensive 

Neurofeedback Training for Schizophrenia. 

BehavNeurol 2017;2017:6914216. 

[21]. Balconi M, Frezza A, Vanutelli ME. Emotion 

Regulation in Schizophrenia: A Pilot Clinical 

Intervention as Assessed by EEG and Optical 

Imaging (Functional Near-Infrared 

Spectroscopy). Front Hum Neurosci 

2018;12:395. 

[22]. Weinberger, DR, Berman, KF, Zec, RF.(1986) 

Physiologic Dysfunction of Dorsolateral 

Prefrontal Cortex in Schizophrenia I. Regional 

Cerebral Blood Flow Evidence. Arch Gen 

Psychiatry; 43(2) :114-124. 

[23]. Cohen, JD, Braver, TS, O'Reilly, RC. (1996). A 

Computational Approach to Prefrontal Cortex, 

Cognitive Control and Schizophrenia: Recent 

Developments and Current Challenges. Phil. 

Tran. R. Soc. Lond; 351, 1515-1527. 

[24]. Bagherzadeh Y, Baldauf D, Pantazis D, 

Desimone R. Alpha synchrony and the 

neurofeedback control of spatial attention. 

Neuron 2020; 105:577.e5–587.e5. 

[25]. Abiri R, Borhani S, Sellers EW, et al. A 

comprehensive review of EEG-based brain–

computer interface paradigms. J Neural Eng 

2019; 16:011001. 

[26]. Javitt DC, Siegel SJ, Spencer KM, et al. A 

roadmap for development of neuro-oscillations 

as translational biomarkers for treatment 

development in neuropsychopharmacology. 

Neuropsychopharmacology 2020; 45:1411–

1422. 

 

 

 


