
AIMS Neuroscience, 11 (3): 341–351. 

DOI: 10.3934/Neuroscience.2024021 

Received: 22 April 2024 

Revised: 21 August 2024 

Accepted: 02 September 2024 

Published: 09 September 2024 

http://www.aimspress.com/journal/neuroscience 

 

Research article 

Cognitive effects of brief and intensive neurofeedback treatment in 

schizophrenia: a single center pilot study 

Fabrizio Turiaco1, Fiammetta Iannuzzo1, Giovanni Genovese2, Clara Lombardo3, Maria Catena 
Silvestri2, Laura Celebre4, Maria Rosaria Anna Muscatello1,2 and Antonio Bruno1,2,* 

1 Department of Biomedical and Dental Sciences and Morphofunctional Imaging, University of 
Messina, Messina, Italy 

2 Psychiatry Unit, Polyclinic Hospital University of Messina, Messina, Italy 
3 Department “Scienze della Salute”, University of Catanzaro, Catanzaro, Italy 
4 Department of Mental Health and Addictions, ASST Papa Giovanni XXIII, Bergamo, Italy 

* Correspondence: Email: antonio.bruno@unime.it; Tel: +390902212093. 

ABSTRACT: Background: Schizophrenia is characterized by significant cognitive impairments and 

affects up to 98% of patients. Neurofeedback (NF) offers a means to modulate neural network function 
through cognitive processes such as learning and memorization, with documented structural changes 

in the brain, most notably an increase in grey matter volume in targeted regions. Methods: The present 

2-week, open-label, preliminary study aims to evaluate the efficacy on cognition of an adjunctive short 
and intensive (8 daily sessions lasting 30 minutes) alpha/theta NF training in a sample of subjects 

affected by schizophrenia on stabilized treatment with atypical antipsychotic drugs. The efficacy was 

measured at baseline and at the end of the study by the Brief Neuropsychological Examination 2 (ENB 
2), the Mini Mental State Examination (MMSE), and the Stroop color-word interference test; the 

clinical symptoms were assessed using the Positive and Negative Syndrome Scale (PANSS). Results: 

A final sample of nine patients completed the study. Regarding the cognitive performance, at the final 
assessment (week 2), the NF treatment significantly improved the performance in the “Story Recall 

Immediate” (p = 0.024), “Story Recall Delayed” (p = 0.007), “Interference Memory 30 s” (p = 0.024), 

“Clock Test” (p = 0.014) sub-tests, and the ENB2 Total Score (p = 0.007). Concerning the clinical 
symptoms, no significant changes were observed in the PANSS subscales and the PANSS Total score. 
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Conclusions: NF could represent an adjunctive treatment strategy in the therapeutic toolbox for 

schizophrenia cognitive symptoms. 

Keywords: neurofeedback; schizophrenia; cognitive symptoms; working memory; apraxia 

 

1. Introduction  

Cognitive deficits are core features of schizophrenia, with up to 98% of patients exhibiting 

impairments in a wide range of cognitive functions such as working memory, attention, processing 
speed, and visual and verbal learning; such basic deficits reverberate on complex behaviors, and are 

subsequently expressed as substantial difficulties in reasoning, planning, abstract thinking, and 

problem-solving [1,2]. Cognitive deficits primarily affect socio-relational and work functioning, with 
significant repercussions on the outcomes [3]; moreover, they still represent one of the most critical 

and challenging dimensions in the treatment of schizophrenia. It is well established that antipsychotic 

drugs are effective in treating positive symptoms; however, they do not address cognitive and 
executive dysfunctions [4], whose treatment essentially involves non-pharmacological  

interventions [5]. 

Neurofeedback (NF), a neuromodulation technique derived from biofeedback (i.e., a biofeedback 
to brain targets), allows patients to directly perceive brain activity as obtained by non-invasive devices, 

such as electroencephalography (EEG) or functional magnetic resonance imaging (fMRI), that are 

visually or auditorily represented in real-time through a brain-computer interface [6,7]. Starting from 
the targeted visual or auditory representations of the brainwaves generated by neural activity, NF 

protocols aim to progressively enable subjects to consciously modulate and self-regulate their brain 

activity either through spontaneous, individual strategies, or learned models, such as operant 
conditioning, motor learning, dual process theory (feedforward and feedback), awareness theory, 

global workspace theory, and skill acquisition [6,8,9]. Thus, NF can be considered as a method to 

modify the function of neural networks through cognitive processes (learning and memorizing), and 
has been associated with structural changes in the brain, as documented by an increase in the grey 

matter volume of the targeted areas, probably mediated by processes of neuroplasticity and cortical 

growth [6,8,9]. Aimed at treating constellations of behaviors and functioning impairments arising from 
neural networks beyond specific symptomatic domains, NF has the potential to broaden our knowledge 

and understanding of the neurobiological foundations of the disorders.  

The use of NF to improve cognitive performance in non-clinical samples is a recent area of 
research; available studies have shown that even intensive and short protocols that targeted alpha and 

theta waves were effective in improving working memory and attention, which are involved in 

executive functions [10–13]. 
NF has been used in several psychiatric conditions, such as depression, post-traumatic stress 

disorder (PTSD), attention deficit hyperactivity disorder (ADHD), and schizophrenia [14]. Many trials 

in samples of schizophrenia patients have employed NF to treat positive symptoms, mainly auditory 
hallucinations, using long-lasting standard protocols which have been rarely completed by this type of 
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patient [15–19]. Few studies have applied long-lasting NF protocols to treat positive, negative, and 

cognitive symptoms at the same time [20,21].  
Regarding short protocols, fMRI-NF has been proven effective in reducing auditory verbal 

hallucinations by different mechanisms, including the following: the modulation of connectivity within 

the default-mode network, the downregulation of the superior temporal gyrus, and the control of the 
activity of the anterior cingulate cortex (ACC) [22,23]. Other studies have evaluated the effectiveness 

of NF on emotional regulation and recognition in schizophrenia [24]. Less knowledge is available on 

NF as a potential treatment for cognitive impairment. A first speculation was proposed by Schneider 
et colleagues, who wondered if slow cortical potentials (SCPs) could reflect the regulation of attention 

resources in cortical neuronal networks, even though they did not assess the cognitive symptoms [25]. 

An EEG-NF training of 24 sessions in 12 weeks was effective to improve the working memory, as 
demonstrated by EEG markers of working memory (frontal P3 amplitude and gamma power) [26]. 

Based on this background, the present study aims to evaluate the effect of a brief and intensive 

NF treatment on cognitive deficits as the primary outcome and clinical symptoms as the secondary 
outcome in a sample of schizophrenia patients stabilized with atypical antipsychotics. 

2. Methods 

2.1. Study design 

This was a 2-week, open-label, preliminary study aimed at evaluating the efficacy on cognition 

of an adjunctive short and intensive (8 daily sessions lasting 30 minutes) NF training, in addition to a 

stable atypical antipsychotic monotherapy. The antipsychotic dose was left unchanged, and no 
additional drugs (antidepressant/anticonvulsant/anxiolytic) were allowed during the trial period. Each 

neurofeedback session was carried out in a dedicated quiet space using the Encephalan Main ABP-26 

with the Rehacor software (Medicom MTM Ltd., Taganrog, Russia). A screen-printed cap was placed 
on the subject’s head to electrode positioning according to the 20-10 international system (Electrode 

1: left central occipital shunt C3-O1; Electrode 2: C4-O2 right central occipital lead; Neutral electrode: 

on the subject’s arm). To promote a better conductivity, an electroconductive gel was applied to the 
subjects’ skin. Using a frequency band of 6 to 9 Hz, the patients were trained to increase the alpha and 

theta frequencies in the eyes-open condition: both visual (geometric forms, diagrams, graphics, linear 

distortions, images, slides, and videos) and auditory (audio fragments, sounds of nature, voice 
information, and noisy distortions) scenarios were provided. Moreover, audio and video feedback 

messages were presented to inform the participants of their training scores.  Once the protocol was 

completed, the electrodes and cap were removed. Given the absence of studies evaluating the efficacy 
of short and intensive NF protocols on the cognitive symptoms of schizophrenia, the rationale for the 

choice of alpha and theta frequency bands was made according to studies conducted on healthy elderly 

subjects (Angelakis et al., 2007; Lecomte and Juhel, 2011; Reis et al., 2016).  
The study was carried out at the Psychiatry Unit of the University Hospital of Messina, Italy, was 

conducted according to the Declaration of Helsinki, and was approved by the ethics committee of 

Messina (Prot. N. 32/19, April 15, 2019). 
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2.2. Subjects 

The accidental sampling method was used to recruit the participants within the study. Ten 

outpatients, 6 men and 4 women, aged between 18 and 55 years (mean age ± SD, 36 ± 2.3 years), 

affected by schizophrenia according to DSM5 criteria, and in stable atypical antipsychotic (clozapine, 
olanzapine, risperidone, and paliperidone) monotherapy at least 3 months were included in the study. 

The exclusion criteria included a comorbidity with any other major psychiatric disorder, significant 

concomitant medical pathologies, organic brain disorders, a current diagnosis or history of alcohol or 
substance dependence (excluding nicotine), dementia, and an intellectual disability. All patients who 

participated in the study regularly provided written informed consent after a comprehensive and 

detailed explanation of the research protocol. 

2.3. Instruments 

During the study, patients underwent two visits: baseline (day 0) and final (week 2). The efficacy 

was evaluated using objective tests that assessed multiple domains of cognitive and executive 

functioning:  

 the Brief Neuropsychological Examination 2 (ENB 2) [27] is an assessment battery 
validated on the Italian population from 15 to 96 years that offers a qualitative and quantitative 

analysis of patient cognitive performance. The battery consists of 16 tests (Digit Span, Story 
Recall, Immediate Story Recall, Delayed Interference Memory 10s, Interference Memory 30s, 

Trail Making parts A and B, Token, Phonemic Fluency, Abstract Reasoning, Cognitive Estimation, 

Overlapping Figure, Spontaneous Drawing, Copy Drawing, Clock Drawing, and Apraxia) and a 
Total score that analyzes the following cognitive areas: short, long term, and working memory, 

integration capacity, visual-spatial research, divided attention and attention shifting/switching, 

psychomotor speed, verbal comprehension, lexical recovery, logical and abstract reasoning, critical 
sense, capacity for discrimination, complex copy skill, praxis, and mental representation. For each 

ENB-2 test, the scores are presented as mean ± standard deviation (SD) and a global normative 

value. 

 the Mini Mental State Examination (MMSE) [28] is a 30‐question measure that tests 
five areas of cognitive function: orientation, registration, attention and calculation, recall, and 

language. The presence of cognitive decline is determined by the total score. The maximum score 
is 30. Traditionally, a 23/24 cut‐off is used to select patients with a suspected cognitive impairment. 

 the Stroop color-word interference test [29] is a neuropsychological test used to assess 
the ability to inhibit cognitive interference. It consists of 3 trials to be executed as fast as possible: 
1) read the names of colors printed in black ink (W); (2) name different color patches (C); and (3) 

name the color of the ink instead of reading the word (CW). The Stroop challenge is measured as 

reaction times, and the number of correct responses made in 120 seconds is recorded. The 
difference between the neutral and conflict conditions is often taken as a measure of interference. 

The clinical symptoms were evaluated by the Positive and Negative Syndrome Scale  

(PANSS) [30]. Any observed and/or spontaneously reported adverse effects were obtained by 
nonspecific querying and classified in terms of the onset, duration, severity, action taken, and outcome. 
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Trained raters with at least 3 years of clinical experience in each measure administered the data for the 

assessments according to standardized administration and scoring procedures; each patient had the 
same person administer the psychopathological and cognitive tests and conduct the clinical interviews. 

2.4. Statistical analysis 

As this was a pilot study, no formal sample size calculation was performed. Because of the small 

sample size, the analyses were carried out by nonparametric tests. A “per-protocol” (PP) analysis was 
performed, and the outcome analyses were conducted only on the subjects who completed the study. 

The continuous data were expressed as mean ± Standard Deviation (SD), and the within-group 

differences between the baseline and final time of the study were assessed by the Wilcoxon rank sum 
test. In addition, a Cohen'd statistic was applied to measure the magnitude of the treatment effect: the 

effect size was considered small when it was lower than 0.50, moderate when it ranged from 0.50 to 

0.79, and large when it was 0.80 or greater. The results for p-values <.05 were considered significant; 
moreover, considering that multiple correlations increase the risk of Type 1 errors, a Bonferroni 

correction was performed. 

3. Results 

Nine patients completed the study (90% completion rate); the only drop-out was due to non-
compliance. The clinical-demographic characteristics of the sample are reported in Table 1. 

Table 1. Clinical and demographic features. 

Clinical-demographic characteristics 

Patients enrolled/Patients completers  10/9  

Gender (M/F) 6/4 

Age (years), mean ± SD 36±2.29 

Level of education (years), mean ± SD  9.67±2.50 

Antipsychotic  N 

Clozapine  2 

Olanzapine  3 

Risperidone  3 

Paliperidone  2 

Table 2 shows the baseline (week 0) and final scores (week 2) on the cognitive assessments and 

the relative treatment effect size. Regarding the cognitive performance, NF treatment significantly 
improved the performance in the “Story Recall Immediate” (p = 0.024), “Story Recall Delayed” (p = 

0.007), “Interference Memory 30 s” (p = 0.024), “Clock Test” (p = 0.014) sub-tests, and the ENB2 

Total Score (p = 0.007) at the final assessment (week 2). There were no significant differences in the 
other cognitive parameters assessed, which remained substantially unchanged compared to the 

beginning of the study, although there was a trend towards a general improvement except for the “Trail 

Making Test B” subtest, which slightly worsened compared to the baseline. After the Bonferroni 
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correction, no significant differences between the baseline and Week 2 emerged. At the end of the 

study, the effect of the treatment was large in the ENB2 subtests “Story Recall, Delayed”, “Interference 
Memory 30s”, “Spontaneous Drawing”, “Clock Drawing”, “Apraxia” and in the MMSE, medium in 

“Story Recall, Immediate”, “Interference Memory 10s”, “Cognitive Estimation” and “Total score”, 

and small in all other cognitive explored dimensions. 

Table 2. Cognitive Function Changes and Effect Sizes for Efficacy Measures in Patients 

Receiving NFB at Baseline and Week 2.   

 Baseline (T0) Week 2 (T1) Wilcox

on Test 

Cohen’s d 

 Mean SD Mean SD p d

ENB 2   

  Digit Span 7.00 .87 7.00 .87 1.00 0

  Story Recall, Immediate  10.67 4.36 12.67 2.65 .024 .50

  Story Recall, Delayed 11.67 2.78 15.67 2.50 .007 1.50

  Interference Memory 10s 6.33 1.32 7.33 2.50 .369 .50

  Interference Memory 30s 5.00 3.12 8.00 .87 .024 1.30

  Trail Making Part A 34.00 13.75 34.33 13.43 .335 0

  Trail Making Part B 94.67 29.01 117.67 65.59 .857 .40

  Token 5.00 .00 5.00 .00 1.00 0

  Phonemic Fluency 13.33 6.56 13.67 7.05 .713 0

  Abstract Reasoning 4.67 2.00 4.67 2.00 1.00 0

  Cognitive Estimation 4.33 .50 4.67 .50 .083 .70

  Overlapping Figure 29.00 14.31 31.00 13.75 .369 .10

  Spontaneous Drawing 1.67 .50 2.00 .00 .083 .90

  Copy Drawing 2.00 .00 2.00 .00 1.00 0

  Clock Drawing 9.16 .66 9.83 .25 .014 1.30

  Apraxia 5.33 1.00 6.00 .00 .083 .90

  Total score 74.33 10.58 80.33 8.32 .007 .60

MMSE 28.67 2.00 30.00 .00 .083 .90

Stroop test 52.67 58.00 36.67 25.10 .369 .30 

Concerning the clinical symptoms, no significant changes were observed in the PANSS subscales 

and the total score, although a trend towards an improvement in the symptoms can also be observed. 
At the end of the study, the treatment effect was small in all clinical PANSS domains (Table 3). 
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Table 3. Clinical scores and Effect Sizes for Efficacy Measures in Patients Receiving NFB 

at Baseline and Week 2.   

 Baseline (T0) Week 2 (T1) Wilcox

on Test 

Cohen’s d 

PANSS Mean SD Mean SD p d 

  Positive 8.33 1.32 8.00 1.50 .83 .20 

  Negative 9.33 1.80 8.67 1.80 .83 .40 

  General 

Psychopatology 

21.00 3.77 19.33 3.04 .83 .40 

  Total score 38.67 6.56 36.00 6.24 .83 .40 

Finally, the intensive NF training was well tolerated, as demonstrated by the good compliance of 

the patients who participated in the study; in addition, as expected, no adverse effects or undesirable 
changes in the clinical parameters were reported or observed. 

4. Discussion 

Neuromodulatory techniques and direct brain training, which are supported by the ongoing 

advances in computational and engineering sciences, have reached the current status of potential 
promises for a non-invasive approach to psychiatric disorders; furthermore, such treatments can be 

personalized to target symptoms or functional domains within a dimensional framework that 

potentially addresses the neurobiological substrates of mental illnesses.  
To the best of our knowledge, this is the first clinical trial aimed at evaluating the efficacy of brief 

and intensive treatments with NF on cognitive symptomatology in a sample of schizophrenia patients 

on stabilized treatment with atypical antipsychotics. 
The obtained results showed that the short and intensive NF protocol resulted in a significant 

improvement in long-term (“Immediate” and “Deferred” Prose Memory) and working memory 

(Interference Memory), apraxia, abstract thinking, and planning (Clock Test) after eight sessions; in 
addition, an improvement in the global cognitive efficiency was observed, as evidenced by the ENB2 

Total Score. Although not significant, a trend toward improvement was observed in other examined 

cognitive domains, such as verbal memory, selective attention, the ability to execute verbal commands, 
lexical access and retrieval skills, logical reasoning and abstraction skills, cognitive estimation, and 

visual recognition skills. Conversely, the dimensions of cognitive flexibility and shifting skills, as 

measured by the Trail Making Test B, resulted in slightly worsened measurements, although not 
statistically significant, at the end of the treatment. Our results are barely comparable with existing 

findings in the literature, as only sparse studies to date have evaluated the effect of NF on 

cognitive/executive functioning in patients with schizophrenia. The obtained data are almost congruent 
with findings from the general populations [10–13] and from two case reports that showed 

improvements in the reaction time, alertness and selective attention under go/no-go conditions after 

NF treatment for negative symptoms [31]. The efficacy of a short and intensive NF protocol (4 
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consecutive days with a total training duration of 13.5 hours) on clinical symptoms of schizophrenia 

has been evaluated in a case report in which the treatment was aimed at increasing the relative 
amplitude of the alpha/beta2 ratio (20–30 Hz) at the right parietal level (P4); beyond positive and 

negative symptoms, both the short-term memory and language patterns improved both immediately 

and in the 22-month follow-up [32]. Finally, as reported in a letter to the Editor, hemoencephalography 
neurofeedback (HEG-NFBK) performed in 10 sessions of 1 h twice a week led to improvements in 

nearly all the examined cognitive domains, including information processing speed, attention 

processing, working memory, executive functioning, and verbal and visual learning [33]. Thus, 
considering that the existing literature evidence for cognitive rehabilitation programs in schizophrenia 

are modest and uncertain regarding the efficacy and durability (McCutcheon et al., 2023), NF can 

represent a safe and easy-to-administer treatment to improve the cognition and daily functioning in 
these patients. 

Furthermore, no significant changes were observed in the clinical symptoms, although a trend 

towards improvements in all the PANSS subscales and the PANSS Total score can also be observed. 
Even though they are not statistically significant due to the small sample size, these results are 

congruent with previous studies that have employed standard NF training to treat positive and negative 

symptoms in schizophrenia patients, which stated that NF can be effectively used as an add-on therapy 
in schizophrenia rehabilitation programs (Markiewicz et al., 2021; Singh et al., 2020).  

Finally, the intensive NF training was safe and well tolerated, as stated by the low dropout rate in 

the sample during the treatment period and the absence of adverse events.  
Although encouraging, our results should be interpreted with caution due to several limitations, 

which are mainly represented by the small sample size, the short-term follow-up, and the open design 

of the study, which limit the generalizability of the findings, and do not allow to exclude the presence 
of practical and placebo effects in the cognitive assessments. Additionally, no follow-up information 

was available, and it is not known whether the cognitive improvements were maintained over time. 

Beyond limitations, an intensive NF alpha/theta protocol, if effective, may overcome one of the 
main problems encountered in the treatment of schizophrenia, either pharmacological or not, namely 

adherence to treatments and, more generally, reduced compliance. 

5. Conclusions 

NF could represent an adjunctive treatment strategy in the therapeutic toolbox for schizophrenia, 
alongside a consideration for the variety and flexibility of treatment protocols based on different 

brainwaves, and/or targeting different brain areas, circuits, and neural networks, thus realizing a form 

of personalized, precision treatment for symptomatic, cognitive, and functional domains. However, to 
date, most clinical trials which aimed to test the NF efficacy in schizophrenia were small in number 

and scale (case reports, case series); therefore, further studies with adequately powered and well-

designed methodologies (randomized, controlled with sham NF protocol, long-term follow-up clinical 
trials) are needed to better evaluate the effectiveness of NF treatments on cognitive deficits and other 

symptomatic dimensions in schizophrenia. 

 



349 

AIMS Neuroscience  Volume 11, Issue 3, 341–351. 

Acknowledgments 

The authors thank Massimo Cacciola - Psychiatry Unit, Polyclinic Hospital University of 

Messina, Messina, Italy – and Federica Rapisarda - University of Messina, Italy - for assistance with 

recruitment and data collection. 

Conflict of interest  

None. 

Funding source  

This research received no specific grant from any funding agency in the public, commercial, or 

not-for-profit sectors. 

Author contributions  

F.T.: Writing – original draft, Writing – review & editing. F. I.: Data curation, Formal analysis, 

Methodology. G. G.: Methodology, Writing – review & editing. C. L.: Methodology, Writing – review 

& editing. M.C.S.: Methodology, Writing – review & editing. L.C.: Data curation, Writing – review 
& editing. M.R.A. M.: Conceptualization, Supervision, Writing – review & editing. A.B.: 

Conceptualization, Formal analysis, Supervision, Writing – original draft, Writing – review & editing. 

References 

1. Keefe RSE, Eesley CE, Poe MP (2005) Defining a cognitive function decrement in schizophrenia. 
Biol Psychiatry 57: 688–691. https://doi.org/10.1016/j.biopsych.2005.01.003 

2. Heinrichs RW, Zakzanis KK (1998) Neurocognitive Deficit in Schizophrenia: A Quantitative 

Review of the Evidence. Neuropsychology 12: 426–445. https://doi.org/10.1037//0894-
4105.12.3.426 

3. Green MF, Kern RS, Braff DL, et al. (2000) Neurocognitive Deficits and Functional Outcome in 

Schizophrenia: Are We Measuring the ‘Right Stuff’? Schizophr Bull 26: 119–136. 
https://doi.org/10.1093/oxfordjournals.schbul.a033430 

4. Keefe RSE, Bilder RM, Davis SM, et al. (2007) Neurocognitive Effects of Antipsychotic 

Medications in Patients With Chronic Schizophrenia in the CATIE Trial. Arch Gen Psychiatry 64: 
633–647. https://doi.org/10.1001/archpsyc.64.6.633 

5. Bon L, Franck N (2018) The impact of cognitive remediation on cerebral activity in schizophrenia: 

Systematic review of the literature. Brain Behav 8(3): e00908. https://doi.org/10.1002/brb3.908 
6. Marzbani H, Marateb HR, Mansourian M (2016) Methodological note: Neurofeedback: A 

comprehensive review on system design, methodology and clinical applications. Basic Clin 

Neurosci 7: 143–158. https://doi.org/10.15412/J.BCN.03070208 



350 

AIMS Neuroscience  Volume 11, Issue 3, 341–351. 

7. Markiewicz R (2017) The use of EEG biofeedback/neurofeedback in psychiatric rehabilitation. 

Psychiatr Pol 51: 1095–1106. https://doi.org/10.12740/PP/68919 
8. Schabus M, Griessenberger H, Gnjezda MT, et al. (2017) Better than sham? A double-blind 

placebo-controlled neurofeedback study in primary insomnia. Brain 140: 1041–1052. 

https://doi.org/10.1093/brain/awx011 
9. Coben R, Evans RJ (Eds.) (2010) Neurofeedback and Neuromodulation Techniques and 

Applications. Academic Press. ISBN: 978-0-12-382235-2 

10. Angelakis E, Stathopoulou S, Frymiare JL, et al. (2007) EEG neurofeedback: A brief overview and 
an example of peak alpha frequency training for cognitive enhancement in the elderly. Clin 

Neuropsychol 21: 110–129. https://doi.org/10.1080/13854040600744839 

11. Lecomte G, Juhel J (2011) The Effects of Neurofeedback Training on Memory Performance in 
Elderly Subjects. Psychology 02: 846–852. https://doi.org/10.4236/psych.2011.28129 

12. Gruzelier JH (2014) EEG-neurofeedback for optimising performance. I: A review of cognitive and 

affective outcome in healthy participants. Neurosci Biobehav Rev 44: 124–141. 
https://doi.org/10.1016/j.neubiorev.2013.09.015 

13. Reis J, Portugal AM, Fernandes L, et al. (2016) An alpha and theta intensive and short 

neurofeedback protocol for healthy aging working-memory training. Front Aging Neurosci 8: 157 
https://doi.org/10.3389/fnagi.2016.00157 

14. Niv S (2013) Clinical efficacy and potential mechanisms of neurofeedback. Pers Individ Dif 54: 

676–686. https://doi.org/10.1016/j.paid.2012.11.037 
15. Surmeli T, Ertem A, Eralp E, et al. (2012) Schizophrenia and the efficacy of qEEG-guided 

neurofeedback treatment: A clinical case series. Clin EEG Neurosci 43: 133–144. 

https://doi.org/10.1177/1550059411429531 
16. Gruzelier J, Hardman E, Wild J, et al. (1999) Learned control of slow potential interhemispheric 

asymmetry in schizophrenia. Int J Psychophysiol 34(3): 341–348. https://doi.org/10.1016/s0167-

8760(99)00091-4 
17. Bolea AS (2010) Neurofeedback treatment of chronic inpatient schizophrenia. J Neurother 14: 47–

54. https://doi.org/10.1080/10874200903543971 

18. Cordes JS, Mathiak KA, Dyck M, et al. (2015) Cognitive and neural strategies during control of 
the anterior cingulate cortex by fMRI neurofeedback in patients with schizophrenia. Front Behav 

Neurosci 9: 169. https://doi.org/10.3389/fnbeh.2015.00169 

19. Rieger K, Rarra MH, Diaz Hernandez L, et al. (2018) Neurofeedback-Based Enhancement of 
Single-Trial Auditory Evoked Potentials: Treatment of Auditory Verbal Hallucinations in 

Schizophrenia. Clin EEG Neurosci 49(2): 79–92. https://doi.org/10.1177/1550059417708935 

20. Singh F, Shu IW, Hsu SH, et al. (2020) Modulation of frontal gamma oscillations improves 
working memory in schizophrenia. Neuroimage Clin 27: 102339. 

https://doi.org/10.1016/j.nicl.2020.102339 

21. Markiewicz R, Markiewicz-Gospodarek A, Dobrowolska B, et al. (2021) Improving Clinical, 
Cognitive, and Psychosocial Dysfunctions in Patients with Schizophrenia: A Neurofeedback 

Randomized Control Trial. Neural Plast 2021, 4488664. https://doi.org/10.1155/2021/4488664. 

22. Zweerings J, Hummel B, Keller M, et al. (2019) Neurofeedback of core language network nodes 
modulates connectivity with the default-mode network: A double-blind fMRI neurofeedback study 



351 

AIMS Neuroscience  Volume 11, Issue 3, 341–351. 

on auditory verbal hallucinations. Neuroimage 189: 533–542. 

https://doi.org/10.1016/j.neuroimage.2019.01.058 
23. Orlov ND, Giampietro V, O’Daly O, et al. (2018) Real-time fMRI neurofeedback to down-regulate 

superior temporal gyrus activity in patients with schizophrenia and auditory hallucinations: A 

proof-of-concept study. Transl Psychiatry 8 (1): 46. https://doi.org/10.1038/s41398-017-0067-5. 
24. Balconi M, Frezza A, Vanutelli ME (2018) Emotion Regulation in Schizophrenia: A Pilot Clinical 

Intervention as Assessed by EEG and Optical Imaging (Functional Near-Infrared Spectroscopy). 

Front Hum Neurosci 12: 395. https://doi.org/10.3389/fnhum.2018.00395 
25. Schneider F, Rockstroh B, Heimann H, et al. (1992) Self-Regulation of Slow Cortical Potentials in 

Psychiatric Patients: Schizophrenia. Biofeedback Self-regulation 17(4): 277–292. 

https://doi.org/10.1007/BF01000051 
26. Lin Y, Shu IW, Hsu SH, et al. (2022) Novel EEG-Based Neurofeedback System Targeting Frontal 

Gamma Activity of Schizophrenia Patients to Improve Working Memory, Proceedings of the 

Annual International Conference of the IEEE Engineering in Medicine and Biology Society, 
EMBS, Institute of Electrical and Electronics Engineers Inc., 4031–4035. 

https://doi.org/10.1109/EMBC48229.2022.9870878 

27. Mondini S, Montemurro S, Pucci V, et al. (2022) Global Examination of Mental State: An open 
tool for the brief evaluation of cognition. Brain Behav 12 (8): e2710. 

https://doi.org/10.1002/brb3.2710 

28. Baek MJ, Kim K, Park YH, et al. (2016) The validity and reliability of the mini-mental state 
examination-2 for detecting mild cognitive impairment and Alzheimer’s disease in a Korean 

population. PLoS One 11 (9): e0163792. https://doi.org/10.1371/journal.pone.0163792 

29. Periáñez JA, Lubrini G, García-Gutiérrez A, et al. (2021) Construct validity of the stroop color-
word test: Influence of speed of visual search, verbal fluency, working memory, cognitive 

flexibility, and conflict monitoring. Arch Clin Neuropsych 36: 99–111. 

https://doi.org/10.1093/arclin/acaa034 
30. Edgar CJ, Blaettler T, Bugarski-Kirola D, et al. (2014) Reliability, validity and ability to detect 

change of the PANSS negative symptom factor score in outpatients with schizophrenia on select 

antipsychotics and with prominent negative or disorganized thought symptoms. Psychiatry Res 
218: 219–224. https://doi.org/10.1016/j.psychres.2014.04.009 

31. Pazooki K, Leibetseder M, Renner W, et al. (2019) Neurofeedback Treatment of Negative 

Symptoms in Schizophrenia: Two Case Reports. Appl Psychophys Biof 44: 31–39. 
https://doi.org/10.1007/s10484-018-9417-1 

32. Nan W, Wan F, Chang L, et al. (2017) An Exploratory Study of Intensive Neurofeedback Training 

for Schizophrenia. Behav Neurol 2017, 6914216. https://doi.org/10.1155/2017/6914216 
33. Gomes JS, Ducos DV, Gadelha A, et al. (2018) Hemoencephalography self-regulation training and 

its impact on cognition: A study with schizophrenia and healthy participants. Schizophr Res 195: 

591–593. https://doi.org/10.1016/j.schres.2017.08.044 

© 2024 the Author(s), licensee AIMS Press. This is an open access 

article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0) 


