
Commentary Article

Journal of Systems and Integrative Neuroscience

 Volume 8: 1-9J Syst Integr Neurosci, 2022              doi: 10.15761/JSIN.1000257

ISSN: 2059-9781

Protocol creation in neurofeedback training: multimodal 
assessments, target measures and automation
Francesco Amico1* and Slav Danev2

1Department of Psychiatry, Trinity Centre for Health Sciences, St. James Hospital, James's Street, Dublin 8, Ireland
2Medeia Inc, 7 W. Figueroa Street, Suite 215 Santa Barbara, CA 93101, United States

*Correspondence to: Dr. Francesco Amico – address: Department of Psychiatry, 
Trinity Centre for Health Sciences, St. James Hospital, James's Street, Dublin 8, 
Ireland, E-mail: amicof@gmail.com

Keywords: neurofeedback training, protocol creation, multimodal assessments, 
automated technology

Received: July 29, 2022; Accepted: August 06, 2022; Published: August 08, 2022

Introduction
Neurofeedback training (NFT) is form of therapy originally 

discovered and developed by neuroscientist M. Barry Sterman and 
biologist Wanda Wyrwicka, during a research project at NASA [1-3]. 
Using electroencephalography (EEG), the two scientists found that 
cats trained to press a lever in exchange for a food reward entered a 
state of increased attention while waiting for the reward. During the 
waiting period, a distinct rhythm, an activity pattern that later became 
known as sensorimotor rhythm (SMR), was repeatedly observed in the 
cats’ EEGs. The experiments eventually demonstrated that the EEG 
of animals can be non-invasively manipulated employing operant 
conditioning paradigms, and that the EEG changes resulting from the 
repeated exposure to the training reflected enhanced attention. 

During further research at the University of California, on behalf 
of the United States Air Force, Dr. Sterman and collaborators set up to 
test the cognitive effects of monomethylhydrazine (MMH), a chemical 
contained in rocked fuel. They found that, while MMH had epileptogenic 
effects when injected into cats, previous training of the animals in 
an operant conditioning paradigm was associated with a decreased 
likelihood for epilectiform EEG patterns to occur. In particular, while 
seizures normally started to appear in the EEG waveform 40–70 min 
after the injection of the chemical, they were delayed or not present 
only in the cats that had received SMR conditioning [4]. In subsequent 
research, Sterman and colleagues discovered that the risk of seizures 
could be diminished in human epilepsy patients who learned to 
increase their SMR. Since then, thanks to more recent technological 
advances, neurofeedback has been adopted by hundreds of private 
clinics around the world as a non-invasive intervention for a wide range 
of neurological and psychiatric disorders [5].

The main purpose of EEG-NFT is to assist the individual in self-
regulating EEG activity that appears as deviant when compared to 
normative activity. The intervention is based on the hypothesis proposing 
that non-normative brain functioning is responsible for behavioral 

anomalies. EEG changes are sought through the enhancement or 
inhibition of specific, atypical activity during an operant conditioning 
paradigm, where optimal activity in one or more frequency bands is 
sought using immediate positive reinforcement [6-9]. The process starts 
with the acquisition of EEG at rest, followed by real-time or offline data 
analysis [10] to determine activity in specific frequency bands. Next, a 
neurofeedback training protocol [8] is created to target frequencies that 
are found to be deviant from normative standards. The patient is then 
required to perform a task (e.g., watch a movie or play a video game), 
during which raw EEG activity and threshold values are used to form a 
positive feedback loop that is then employed as a reward when a desired 
mental state is reached (e.g., the video plays without interruptions or a 
specific action in a video game is enabled) [11-14]. 

Since when NFT became commercially available to clinics, a wide 
range of methods and training protocols have been developed to suit 
different conditions, demographics, and related EEG imbalances 
[11-13,15]. More recently, considerable and well meaning effort has 
been put on suggesting “one fits all” protocols that may seem attractive 
to busy practitioners [16]. In this context, the present paper aims at 
remarking that NFT protocols always need to be tailored to the patient 
on the basis of preliminary electrophysiological, psychomotor and 
interview-based assessments, which should be used as a guide for both 
frequency training and electrode placing. Reassuringly, while until a 
few years ago, multimodal assessments required expensive equipment 
that most neurofeedback clinics could not afford, a growing number 
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of highly sophisticated applications and devices are today available 
to the average practitioner, overall providing the technical means to 
potentially increase the efficacy of NFT interventions [16].

Going beyond interviews and standard questionnaires

The diagnostic value of assessments based on standardized 
interviews and questionnaires administered by qualified clinical 
staff has been long established [17-20]. On the other hand, although 
useful in a wide range of clinical settings, clinical interviews and the 
administration of rating scales may have some disadvantages e.g., 
misinterpretation of subtle differences in meanings of words, objective 
and subjective biases and difficulties in reliably assessing the intensity 
of symptoms [21]. 

In the context of NFT protocol creation, the evaluation of symptoms 
gathered through standardized interviews and questionnaires provides a 
rationale to guide the search and selection of relevant functional anomalies 
in the brain, employing both neurocognitive tests and EEG-based methods. 
This process can assist the NFT practitioner in the critical interpretation 
of relevant deviant brain activity and, in some cases, also reveal additional 
disturbances that were missed during the clinical assessment. For example, 
in children clinically diagnosed with unusual subtypes of attention deficit 
hyperactivity disorder (ADHD), the combined analysis of quantitative EEG 
(qEEG) profiles and neurocognitive performance has revealed anomalies 
that were suspected to reflect depression [22]. Moreover, the analysis of 
qEEG maps can be critical to unify apparently unrelated symptoms and 
behaviors into a common disorder, as it is the case of girls with ADHD 
displaying comorbidity for atypical depression [23,24], social isolation 
and avoidance [23,25], screen addiction [26], social media or relational 
obsessive behaviors [27,28], rebellious and oppositional behaviors [29], 
poor response to medication (for symptoms that are not directly related to 
ADHD, see [30]), or substance use disorders [31]. 

The analysis of qEEG maps can also play an important role in the 
detection of brain anomalies before the manifestation of the related 
symptoms. For example, individuals who show hypoactivation in the 
left frontal region of the brain (frontal asymmetry) could be more at risk 
to developing anxiety and depression [32,33] and individuals at risk for 
suicide may exhibit frequency-specific anomalies in both frontal and 
central brain regions [34]. There is also evidence that the ratio between 
low frequency (theta, 4-8 Hz) and high frequency (beta, 12-30 Hz) EEG 
activity at rest (theta/beta ratio or T/B ratio) is a measure of attentional 
control and resilience under stressful conditions [35]. Additionally, 
although it may change with the reference used, age, and type of task 
performed [36], peak alpha frequency (PAF), a measure of cognitive 
performance [37], has been shown to reflect greater anxiety in persons 
with post-traumatic stress [38].

Finally, It is well established that the analysis of event related 
potentials (ERP) can offer key insights into both sensory and cognitive 
processing, with hundreds of studies suggesting a role of specific 
ERP components in the diagnosis and management of a wide range 
of neurological and psychiatric disorders [39]. Of high clinical 
importance, is the N100 component for example, a negative deflection 
peaking between 90 and 200 ms elicited by any discernible auditory 
stimulus. The N100 measure is frequently used to assess cognitive 
functions and has been shown to be altered in patients from multiple 
clinical populations, including patients with traumatic brain injury 
(TBI), ADHD, schizophrenia and multiple sclerosis [e.g., 40,41-44]. 

Another widely studied ERP component is the P300 measure (a 
positive going deflection appearing in the EEG 250-500 ms after the 

presentation of rare target stimuli) [45], which has been shown to be 
altered in patients with cortical synaptic transmission deficits. The 
P300 deflection consists of two components: 1) a P3a component 
appearing in the EEG 250-280 ms after stimulus presentation, thought 
to originate from stimulus-driven frontal attention mechanisms during 
task processing and 2) a P3b component, with peak latency falling in 
the 250-500 ms time window after stimulus presentation, originating 
in the temporal-parietal region and thought to be associated with 
attention and subsequent memory processing [45]. Similarly, the P200 
component (a positive deflection in the EEG waveform that peaks 
between 150 and 275 ms after stimulus onset) has been shown to offer 
valuable insights into cognitive processing. The P200 component is 
elicited by both auditory and visual stimuli and is thought to reflect the 
recruitment of attention as well as perceptual processing [46,47]. 

ERP investigations also include the acquisition of the minimal 
time needed to respond to a stimulus or reaction time (RT), which is 
considered a basic measure of psychomotor activity and processing 
speed, found to be altered in patients with impaired brain function, 
including patients with dementia, Parkinson's disease (PD), TBI and 
affective disorders [e.g., 48-50].

Below are some examples of how multimodal investigations 
have contributed over the years to provide target measures that can 
potentially improve the diagnostic process in neurology and psychiatry, 
which hopefully will offer an overview of the methodological resources 
that are already available to physicians and clinics.

Affective disorders: One of the most discussed EEG activity 
patterns in patients with affective disorders [51,52] is the change in 
prefrontal alpha (8-13 Hz) asymmetry (PFA) [53]. In particular, while 
in normal persons alpha power is greater in the left prefrontal region, 
changes in this balance are thought to reflect altered emotion processing 
[54,55]. It has also been proposed that PFA is linked to both affective 
valence (negative or positive) and motivation [56], with  several studies 
indicating a link between higher relative left hemispheric activity, 
approach (positive) motivation [57,58], positive affect [33,59] and 
lower vulnerability to negative stimuli [59-61]. Other research indicates 
that higher relative PFA in the left-hemisphere is associated with the 
ability to adapt to challenges [62,63], and that changes in this balance 
may increase the risk for emotion dysregulation [64]. Hence, rather 
than being indicative of a given emotional state, PFA reflects the ability 
to modulate emotion under changing environmental conditions. 

In patients with affective disorders, the previously mentioned 
theta/beta ratio, has been found to be proportionally associated to 
greater vulnerability to stress. Moreover, the inter-individual variance 
of the theta/beta ratio at rest could reflect different predispositions 
to responding to environmental challenges through the modulation 
of attentional control [35] and as such, offer an insight into cognitive 
performance anxiety. Increases in the theta/beta ratio have also 
been found to predict the disruptive effects of acute psychosocial 
stress [65], and there is evidence that increased slow wave/fast wave 
ratios may be linked to lower motivation or reward efficacy [66], risk 
taking and increased impulsiveness [66,67]. Importantly, treatment 
with noradrenaline or dopamine agonists normalizes the theta/beta 
ratio [66,68], which supports the notion that it reflects the prefrontal 
modulation of attentional control and suggests that changes in this 
measure should be monitored throughout interventions in persons 
with affective disorders. 

Another measure that has been found to be altered at rest in 
patients with emotional disturbances is cordance, an algorithm that for 
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a given frequency, is computed combining absolute power (the amount 
of activity at a given electrode site) and relative power (the percentage 
of EEG activity relative to the total frequency spectrum). Cordance has 
been shown to be an estimate  of antidepressant treatment  response 
or remission  with 70% or greater accuracy [69]. The cutoff point is 
determined as 0.30 and while it is most frequently employed for theta 
and beta frequency bands, cordance investigations have also been 
recommended for all other frequencies bands. In general, low cordance 
is an indicator of unresponsiveness to antidepressive treatment [70], 
which suggests that NFT protocols targeting cordance should also be 
considered in patients with affective disorders, especially if NFT is 
combined with pharmacotherapy.

A wealth of data also indicates that ERPs and RTs are altered in 
patients with affective disorders. For example, P300 deflections elicited 
during performance of attention tasks exhibit lower amplitude in 
patients with depression when compared with healthy controls, which 
has been suggested to reflect cognitive deficits [71]. On the other hand, 
increased P300 amplitude has been detected in patients with depression 
following the presentation of emotional (pleasant or unpleasant) 
stimuli, compared to neutral stimuli [72,73].

Importantly, ERP investigations can play a role in suicide prevention. 
Studies comparing patients with suicidal ideation and patients who 
attempted suicide found that the latter group was characterized by 
enhanced P200 amplitudes in response to the presentation of negative 
stimuli, which may reflect abnormal early semantic monitoring of 
depressogenic information. This could suggest that, among suicide 
attempters, enhanced attendance to negative information may facilitate, 
at least in some cases, the transition from ideation to action [74].

Cognitive impairment: Several studies indicate a link between EEG 
alpha band activity and cognitive performance [75-78]. Further, PAF (the 
discrete frequency with the highest magnitude within the alpha band) has 
been found to be reduced in persons with cognitive impairment, when 
compared with healthy matched controls [79]. Interestingly, reductions 
in theta absolute power were associated with improvements in cognitive 
functions in healthy elderly individuals [80] and cognitive amelioration 
has been shown in older adults with mild cognitive impairment (MCI)  
using a NFT protocol that combined SMR enhancement and theta/beta 
ratio reduction [81]. 

In general, ERP studies have shown normal latency and amplitude 
of the early “sensory” components (e.g., N100 and P200) in elderly 
individuals and in patients with Alzheimer’s disease (AD) [82] but there 
is evidence that they may be increased also in patients with subcortical 
dementias such as  Huntington's disease and PD [83]. Also, RTs 
recorded during performance of cognitive tasks are generally increased 
in patients with cognitive impairment and their analysis can contribute 
to differentiate between different types of dementias [84-86].

In AD, P300 latency has been shown to be considerably increased 
(~2 standard deviations above the mean of normal older individuals). 
Importantly, the clinical value of the P300 latency measure can be 
enhanced when neurospychological data are also considered. For 
example, Goodin [87] found that in patients with equivocal dementia, 
greater P300 latencies increased the likelihood of developing a 
dementing illness. One study even showed that altered P300 latencies 
more reliably predicted disease progression over one year than either 
the Cognitive Abilities Screening Instruments (CASI) or Mini Mental 
State Exam, in both AD and MCI patients [88]. The P300 measure can 
also be very useful in quantifying the effects of cognitively enhancing 

drugs, such as cholinesterase inhibitors, in addition to standardized 
rating instruments [89], suggesting that clinicians should include 
routine P300 measurements to more objectively monitor the effects of 
pharmacotherapy in their patients. 

ADHD: A recent metareview of ADHD studies carried out on a total 
sample of 2268 children and adolescents aged between 4 and 18 years found 
that qEEG was used as a diagnostic aid in 62.5% of the studies [90]. Several 
studies have also reported on the ability of qEEG measures to differentiate 
between a participant with ADHD and a healthy control [91-93]. In 
particular, Markovska-Simoska and colleagues reported that when using 
the theta/beta ratio as a discriminant measure, qEEG was significantly 
more accurate at differentiating un-medicated ADHD children from 
healthy controls than a diagnosis reached by a qualified clinician [93]. 

Further, analyzing the theta/beta ratio in a mixed clinical sample of 
children exhibiting a wide range of behavioral and mood issues, Coolidge, 
et al.  [94] found that qEEG had a sensitivity of 50% and a specificity of 
36% at differentiating ADHD from other non-ADHD disorders [94]. 
Importantly, when qEEG was used to guide NFT for the treatment of 
children and adolescents with ADHD, a decrease of the theta/beta ratio 
was associated with lower irritability, lethargy, stereotypy, hyperactivity, 
and inappropriate speech, as measured by the Aberrant Behavior Checklist 
[95]. Finally, studies monitoring how qEEG changed  after treatment with 
methylphenidate reported lower theta/beta ratio and increased relative 
beta power at rest or during the performance of a cognitive task [96,97].

Extensive ERP research has also shown several anomalies in ADHD 
patients [98]. In particular, ERP amplitude/latency and performance 
data from an auditory oddball task were able to distinguish AD/HD 
(both major subtypes) children from healthy controls with 73% accuracy. 
Button press RT, N100, P200, P300 latency to standard stimuli, and P300 
amplitudes to target and standard stimuli were the measures that most 
contributed to classification. Accuracy was also found to be lower (59%) 
in adolescents, with P300 amplitudes and latencies to target and standard 
stimuli having the most weight in group classification [99].

Autism: Several studies have revealed qEEG anomalies in autism 
spectrum disorder (ASD). For example, during the visualization of 
human faces, ASD youth exhibited higher beta and gamma absolute 
power compared to healthy controls [100]. In a study where the qEEG 
profiles of 20 youth with ASD were compared with healthy controls 
while at rest,  Coben, et al. [101] found a reduction in  relative delta  
seen most predominantly in the left frontal and vertex regions. They 
also detected higher relative theta in ASD patients when compared to 
healthy controls in frontal and posterior regions, and lower absolute 
beta in the posterior region. These results might be in line with the 
results of a study where a higher theta/beta ratio was found in ASD 
youth when compared with healthy controls [102]. 

Coherence has also been found to be altered in ASD. For example, 
Coben, et al. [101] reported reduced coherence across multiple 
electrodes and across the scalp in ASD youth. Specifically, they found 
lower delta and theta coherence at short-medium inter-electrode 
distances and lower delta coherence at long inter-electrode distances.

Finally, several studies have shown abnormal ERP latencies and 
amplitudes in autism compared to controls, although results may vary 
across studies [103].  In particular, it has been shown that children 
with autism have significantly shorter latencies of the P1, N1, P2 and 
P3 components, while task performance may not be affected when 
compared with healthy controls [104,105].
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Epilepsy: At the first medical examination or at an outpatient clinic, 
the diagnosis of epilepsy usually relies on the symptoms reported by 
family and caregivers. Questions on febrile convulsions, developmental 
delay and infections of the central nervous system are typically 
asked [106]. Laboratory markers can also help determine whether 
an unwitnessed event was of epileptic nature. In particular, prolactin 
testing helps differentiate epileptic from psychogenic non-epileptic 
seizures in adults and adolescents, elevations in creatine kinase levels 
are commonly detected after generalized tonic-clonic seizures, and 
investigations of metabolic markers such as ammonia and lactate have 
also been proposed as postictal blood tests. Also, analyzing blood 
postictally may help ascertain whether symptomatic seizures are linked 
to endocrine, metabolic, toxic or infectious etiologies [107].

Neuropsychological examinations are also needed to explore 
the link between seizures and brain function. For example, epileptic 
seizures in the frontal or temporal lobe can be associated with altered 
motor coordination and planning, disruption of emotion processing 
and impaired cognitive functions [108,109].

Standard EEG investigations during wakefulness, sleep, photic 
stimulation and hyperventilations can help identify the type of 
epileptiform activity, pointing towards specific syndromes and 
prognostics. For example, the presence of generalized slow wave 
activity, 3 Hz spike-wave complexes or rolandic discharges may be 
indicative of underlying cerebral abnormality [106]. However, while 
the visual analysis of standard EEG continues to be the most common 
approach to EEG assessment in epilepsy, the analysis of qEEG is 
increasingly becoming more popular among neurologists [110]. 
Several adult and pediatric studies have determined the accuracy of the 
qEEG method for seizure detection and also demonstrated its ability 
to characterize different epilepsy subtypes [e.g., 111,112]. In particular, 
qEEG sensitivity for seizure diagnosis has been shown to range between 
43% and 72%, with asymmetry correlating with focal seizures in almost 
all patients [111]. 

In addition to resting state methods, ERP investigations can reveal 
cognitive changes that may be associated with the epileptogenesis 
process, frequency of seizures, lesions and anti-epileptic treatments. 
A number of studies have remarked the role of the P300 component 
in the diagnosis and monitoring of epilepsy. For example, the auditory 
P300 latency can be significantly increased in both adults and children 
with idiopatic generalized epilepsy and a positive correlation between 
P300 latencies and RTs has been found. Also, reductions of the P300 
amplitude have been demonstrated during performance of an auditory 
continuous performance task in patients with absence seizures [for a 
full review of P300 anomalies in epilepsy, see 113].

Finally, the combination of structural and functional magnetic 
resonance imaging (MRI) may improve the accuracy of detecting 
epileptogenic brain regions and investigations using glucose positron 
emission tomography (PET) combined with high-resolution MRI can 
reveal hypometabolism associated with subtle cortical malformations 
[114].

Stroke: The most common symptoms that suggest a stroke are 
seizure, conversion disorder (disruption of normal signal transmission 
involving the central and the peripheral nervous systems), migraine 
headache, and hypoglycemia [115]. Neuroimaging is always required 
to localize the insult, differentiate ischemic stroke from intracerebral 
hemorrhage, and to investigate other conditions other than stroke. 
Acute hemorrhage is easily detectable by computerized tomography 
(CT) and subtle ischemic changes can be detected by a CT in some 

cases as early as a few hours after the stroke onset [116]. However, the 
resolution power of CT can be limited in certain regions of the brain 
(e.g., the posterior fossa), and other imaging techniques including MRI 
may be needed to carry out further investigations [117].

Stroke patients often exhibit qEEG anomalies. In particular, the 
theta/beta ratio is significantly increased in the damaged hemisphere 
[118]. Also, patients may exhibit power reduction in the alpha 
frequency band in both the damaged and spared hemispheres [119]. 
Moreover, the delta/alpha ratio (DAR) and the alpha asymmetry index 
have been found to be increased after stroke [119].  Importantly, the 
DAR has been recently proposed as a predictor of clinical outcome in 
patients with acute ischemic stroke after endovascular treatment [120], 
with greater DAR predicting a poor clinical outcome [121]. 

Cognitive impairment and often depression are detected within the 
first year after stroke and neuropsychological assessments can reveal 
deficits in executive functioning, mental processing speed, visual 
perception, and construction ability in both subacute and chronic 
patients [122-127]. In this context, it has been shown that the latency 
of the P300 component is abnormally increased after stroke, and that 
patients where P300 latency anomalies persist are more at risk for 
reinfarction [128].

TBI: A range of resting EEG measures have been found to be altered 
in patients with TBI. In particular, reductions in alpha frequency expressed 
as PAF have been found [129] when compared with healthy controls. 
Moreover, increased frontal midline theta power and reduced frontal beta 
power have been shown to correlate with executive attention impairment in 
TBI subjects [130], a pattern that could reflect reduced excitatory synaptic 
activity in the medial frontal neuronal population [131]. 

One of the most observed impairments associated with brain 
injury is the reduction of cognitive processing speed [132-134], which 
is thought to reflect diffuse axonal damage and altered functional 
connectivity between the left and right hemisphere [135]. Patients 
with brain injury are over 1.5 times slower than healthy controls, as 
measured by RTs [132] and patients with faster RTs exhibit greater level 
of alpha power synchronization over the midline fronto-central region, 
suggesting prefrontal down-regulation [136]. 

Patients with TBI may exhibit decreased P200 amplitude, when 
compared to healthy controls, which has been linked to reduced 
accuracy in stimulus classification [137]. Further, the P300 component 
can show significant changes even in mild cases of TBI or in 
asymptomatic patients with history of concussion [138-140]. 

Substance abuse: Substance abuse has been linked to a wide range 
of qEEG anomalies, which however strictly depend on the substance in 
question, whether the patient is still currently using it, the chronicity of use, 
and on the current stage of withdrawal. For example, while higher theta 
power has been widely shown in alcoholics when compared with healthy 
controls [141-143], other research has found decreased low frequency 
activity, which was interpreted as a sign of cortical atrophy [144]. 

In substance abuse patients, ERP investigations may prove valuable 
for assessing cognitive/reward processing or heightened attention/
motivation toward drug cues. For example, a larger occipital NoGo 
N170 associated to alcohol cues [145] and longer N200 latencies [146] 
have been found to be predictive of relapse in patients with history 
of alcohol abuse. Other studies have remarked the utility of ERP 
investigations for predicting treatment completion [147-149], generally 
reporting reduced P3a/P3b in treatment non-completers.
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Sleep disorders: The first step to clinically investigate sleep 
disturbances is to acquire an accurate and detailed history from the 
patient, bed partner or family member [150]. Laboratory tests include 
the polysomnogram (PSG), multiple sleep latency test,  maintenance 
of wakefulness test (MWT), actigraphy, electrocardiogram (ECG), 
and EEG. Depending on the clinical diagnosis, additional tests may be 
required to investigate transcutaneous CO2 or end-tidal gas, extremity 
muscle activity, motor activity movement, penile tumescence, 
oesophageal pressure, gastroesophageal reflux, snoring and continuous 
blood pressure [151,153].

Research employing qEEG indicates a link between greater 
sleepiness and increased relative power in slow (delta and theta) 
frequencies [153], as well as decreased relative power in the alpha 
frequency band [154]. On the other hand, insomnia has been linked to 
generalized hyperarousal, reflected by an increase in high beta power as 
well as a decrease in delta and sigma power in anterior scalp locations 
[155], although an increase in slow frequency activity has also been 
found in frontal areas [156].

Key information on sleep disturbances also emerges from ERP 
research indicating amplitude increases in P200 during non-rapid eye 
movement sleep that may be followed by the onset of P300-like and 
late negative (N350 and N550) deflections [157]. Anomalies in ERP 
measures have been shown to be linked to altered psychomotor activity. 
For example, sleep deprivation is generally associated with slower RTs 
[158] and in patients with insomnia, response inhibition deficits are 
associated with decreased NoGo P300 amplitudes [159].

Software developments in EEG recording and neurofeedback 
technology: Since their first stages of development [160], EEG 
methods and technology have swiftly evolved, and a plethora of highly 
sophisticated applications now allow researchers and clinicians to 
easily record, process and analyze EEG signals [161]. State-of-the-art 
EEG technology today allows not only for resting state recordings, 
qEEG mapping and analysis but also for the automated detection and 
interpretation of ERPs elicited during performance of readily available 
and customizable behavioral tasks [162-163]. Appropriately trained staff 
can quickly generate detailed reports based on well-established markers 
of brain activity, which also offers the opportunity to evaluate the effects 
of psychological, neurobehavioral and pharmachological interventions 
on specific non-normative EEG measures of brain activity. This has 
laid down new avenues in neurotherapy, and has helped clinicians 
formulate more informed, objective and targeted treatment plans for 
their patients. 

Moreover, NFT technology has been dramatically advanced over 
the last decade, and a wide range of platforms are today available to 
clinics and research labs. However, while many of these applications 
can implement qEEG-based neurofeedback training protocols, they 
offer little or no support for neuropsychological and psychomotor 
evaluations. Also, the interpretation of the outputs generated is often 
time consuming and, in many cases, requires dedicated staff. In 
this context, Brainview by Medeia is a state-of the-art FDA-cleared 
EEG computer-based system that incorporates the most up-to-date 
technological advances in the field of EEG recording and processing. 
The built-in software can carry out routine 1 to 19 channel recordings 
(sampling rate: 200, 500, or 1000 Hz), assessments of EEG waveforms in 
multiple frequency bands (alpha, beta, theta and gamma), during resting 
state, and also extract a range of ERPs generated during performance 

of behavioral paradigms (e.g., visual/auditory oddball). The system is 
capable of i) “automatic” artifact (blinks, pulse artifact, MR gradient 
artifact, ballisto-cardiogram, and bad blocks) detection and removal 
via fast Fourier transforms (FFT), wavelet and independent component 
analysis (ICA), as well as ii) feature extraction, iii) frequency‐based 
analysis and iv) time-to-frequency domain transformations. The 
software can also perform qEEG mapping, statistical comparisons 
with a normative database (provided with the package) and also carry 
out source localization based on the implementation of the eLORETA 
algorithm. Reports can be customized to provide at-a-glance results 
that allow the clinician to easily detect deviant (out of range) EEG 
and ERP activity. Finally, the Brainview application also allows to 
deliver 1 to 19 channel-qEEG-guided- surface/cross-frequency surface 
and s/eLORETA Z score NFT, implementing protocols based on the 
preliminary evaluation of electrophysiological/neurobehavioral data 
gathered during resting state or behavioral task performance, and on 
the symptoms/complaints that may emerge from self-administered 
questionnaires and/or interviews.

Conclusions
NFT is a non-invasive, learning-based intervention that allows 

to target selective EEG imbalances in the brain, gradually facilitating 
functional changes in the central nervous system using a normative 
system as a reference. Since its first discovery, NFT has been developed 
and employed as a standalone or complementary intervention for a 
wide range of neurological and psychiatric conditions/disorders.  

While several attempts have been made to devise standard 
intervention protocols for each condition, research suggests that 
preliminary evaluations of electrophysiological and psychomotor 
activity should always be carried out in order to formulate ad hoc training 
protocols. In this context, recent advances in EEG signal acquisition and 
processing offer clinicians the opportunity to easily gather and analyze 
neurobehavioral data from their patients and customize NFT protocols 
targeting non-normative EEG and the symptoms that may emerge from 
self-assessments/interviews. The present paper recommends the use of 
applications that allow for the automated detection and interpretation 
of electrophysiological and neurobehavioral data, to improve targeting 
in NFT. We suggest that technology of this kind might also contribute 
to decrease the overall cost of treatment plans and eventually make 
NFT more accessible to the general population.
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