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Background: Effective treatment interventions for criminal offenders are necessary 
to reduce risk of criminal recidivism. Evidence about deviant electroencephalographic 
(EEG)-frequencies underlying disorders found in criminal offenders is accumulating. Yet, 
treatment modalities, such as neurofeedback, are rarely applied in the forensic psychi-
atric domain. Since offenders usually have multiple disorders, difficulties adhering to 
long-term treatment modalities, and are highly vulnerable for psychiatric decompensa-
tion, more information about neurofeedback training protocols, number of sessions, and 
expected symptom reduction is necessary before it can be successfully used in offender 
populations.

Method: Studies were analyzed that used neurofeedback in adult criminal offenders, 
and in disorders these patients present with. Specifically aggression, violence, recidivism, 
offending, psychopathy, schizophrenia, attention-deficit hyperactivity disorder (ADHD), 
substance-use disorder (SUD), and cluster B personality disorders were included. Only 
studies that reported changes in EEG-frequencies posttreatment (increase/decrease/no 
change in EEG amplitude/power) were included.

Results: Databases Psychinfo and Pubmed were searched in the period 1990–2017 
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses, 
resulting in a total of 10 studies. Studies in which neurofeedback was applied in ADHD 
(N = 3), SUD (N = 3), schizophrenia (N = 3), and psychopathy (N = 1) could be identi-
fied. No studies could be identified for neurofeedback applied in cluster B personality 
disorders, aggression, violence, or recidivism in criminal offenders. For all treatment 
populations and neurofeedback protocols, number of sessions varied greatly. Changes 
in behavioral levels ranged from no improvements to significant symptom reduction after 
neurofeedback training. The results are also mixed concerning posttreatment changes in 
targeted EEG-frequency bands. Only three studies established criteria for EEG-learning.

Conclusion: Implications of the results for the applicability of neurofeedback training in 
criminal offender populations are discussed. More research focusing on neurofeedback 
and learning of cortical activity regulation is needed in populations with externalizing 
behaviors associated with violence and criminal behavior, as well as multiple comorbidities. 
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At this point, it is unclear whether standard neurofeedback training protocols can be 
applied in offender populations, or whether QEEG-guided neurofeedback is a better 
choice. Given the special context in which the studies are executed, clinical trials, as well 
as single-case experimental designs, might be more feasible than large double-blind 
randomized controls.

Keywords: neurofeedback, criminal offending, impulsivity, electroencephalographic learning, neurofeedback-learning

iNTRODUCTiON

Rationale
Criminal offenders are a challenging patient group when it comes 
to adequate treatment interventions. This patient group exhibits 
externalizing behavior and usually suffers from schizophrenia, 
attention-deficit hyperactivity disorder (ADHD), substance-use 
disorder (SUD), and cluster B personality disorders, with high 
comorbidity rates (1, 2). In order to prevent the risk of criminal 
recidivism and the suffering for potential victims, effective treat-
ment interventions are necessary.

In the last three decades, electroencephalographic (EEG)-
based neurofeedback training has been increasingly used in the 
treatment for various psychiatric disorders. Neurofeedback is an 
operant conditioning training aiming to improve brain activity, 
as well as to improve cognitive, behavioral, and emotional self-
regulatory skills by teaching patients how to control abnormal 
psychological states, such as inattention and stress (3, 4). Previous 
studies have accumulated much evidence about deviant EEG-
frequencies underlying disorders commonly found in criminal 
offenders that could be a target for neurofeedback training. Still, 
to date, neurofeedback is hardly used in the forensic psychiatric 
domain [e.g., Ref. (5)].

In ADHD, common EEG deviations reported in the literature 
concern the overrepresentation of slow frequencies like delta 
(0.5–3.5 Hz) and theta (3.5–7.5 Hz), with reduced amplitudes of 
faster waves like beta (12–20 Hz) or the sensori motor rhythm 
(SMR, 12–15 Hz). The cortical slowing is hypothesized to under-
lie symptoms, such as inattention, impulsivity, and inhibitory 
control (6). There is an ongoing debate in the EEG-based ADHD 
literature about whether these deviations are more common in 
children presenting with ADHD rather than adults or whether 
there is a natural remission with aging of ADHD patients of their 
immature EEG activity (7). Other deviations reported include the 
event-related potential (ERP) markers of response preparation, 
specifically the contingent negative variation (CNV) component 
of the slow cortical potential (SCP). Aberrant CNV patterns have 
been related to reduce in attention, inhibition, and cognitive 
control (8).

While ADHD is overrepresented in forensic psychiatric 
patients (2), deviant EEG-frequencies have been less studied in 
other psychiatric disorders commonly found in criminal offend-
ers. In schizophrenia, EEG deviations have been observed in as 
many as 60% of patients (9, 10). Abnormal EEG activity reported 
include decreased alpha activity, increased beta activity (11–13), 
and reduced amplitudes of the CNV, reflecting disturbed informa-
tion processing (14). In SUD, chronic substance abuse has been 

hypothesized to produce neural changes leading to a structural 
state of disinhibition and impulsivity (15–17). EEG deviations 
found in subjects with a history of prolonged substance abuse 
include alterations in theta, alpha, and beta frequency bands  
(18, 19). These deviations in EEG-frequencies are hypothesized to 
underlie classic symptoms of SUD, such as craving, over-attention 
to drug cues, feelings of restlessness, and loss of impulse control 
(20–22). In antisocial personality disorder, increased slow wave 
activity has been observed (23); this has also been reported in 
borderline personality disorder (24, 25). This increase in slow 
wave activity has been linked to violence and aggressive behavior 
(26). In psychopathy, a personality construct which has many 
similarities with antisocial personality disorder (27), dysregula-
tion of SCP has been linked to poor anticipatory planning, self-
regulation, and formation of stable expectancies (28–31).

Although neurofeedback has been considered as a pos-
sible treatment intervention for antisocial and violent behavior  
[e.g., Ref. (5, 32)], not many studies have been conducted 
in offender populations; however, several studies indicate 
that improvements were found after neurofeedback training  
[e.g., Ref. (33–35)], as for instance, in aggressive behavior and 
attention (33), or even in recidivism rates (35). However, these 
studies did not report EEG-changes in training parameters 
posttreatment, so no conclusions can be drawn about how these 
findings are related to changes at a neurophysiological level.

Some studies suggest that greater response to neurofeedback 
training in terms of more successful cortical regulation will result 
in higher clinical improvements (6). Surprisingly, many neuro-
feedback studies determine the effectiveness of the training by 
reporting improvements in behavioral symptoms only. Whether 
these behavioral changes are associated with changes in cortical 
brain activity is not examined [e.g., Ref. (36, 37)]. Therefore, it 
remains unclear how many patients actually responded to the 
training in terms of changes in EEG activity. In addition, few 
studies report within-session and/or cross-session learning 
effects, and only focus on the pre- and post-intervention change, 
making it difficult to determine how many sessions were in fact 
necessary to reach the desired effects. Common neurofeedback 
protocols can range up to 50 sessions [e.g., Ref. (38, 39)], while 
there is also evidence suggesting that significant improvements 
can be achieved within as few as 15 sessions (40). The number 
of neurofeedback sessions required to reach optimal training 
success is unclear, and whether more training sessions will actu-
ally lead to higher clinical improvements is still up for debate. 
Reporting changes in EEG-frequency bands after neurofeedback 
training seems a necessary first step in determining whether 
treatment success was related to the applied neurofeedback 
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protocol. Zuberer et  al. (41) provide a useful review of studies 
that investigate learning of cortical activity in participants with 
ADHD and also report some studies that show non-learning, in 
what they call “brain-computer illiteracy” (41). Given that even 
studies with healthy participants have shown that about half of 
the participants were not able to learn cortical regulation through 
neurofeedback (42), it is to be expected that forensic patients with 
various comorbidities have more difficulties to actually learn the 
principles of neurofeedback. This may reduce chances to achieve 
beneficial clinical effects.

As forensic psychiatric patients usually present with multiple 
disorders (2), have difficulties adhering to long-term treatment 
modalities due to low levels of treatment motivation, and are 
highly vulnerability for psychiatric decompensation, it is impor-
tant to investigate the feasibility of this intervention, before forc-
ing a large number of sessions upon patients. More information 
about the type of neurofeedback training protocols, number of 
sessions, and expected symptom reduction is necessary.

Research Question
This study aims to review studies that applied neurofeedback 
training in criminal offenders, taking into account the multiple 
disorders of these patients. As such, this review focuses on neu-
rofeedback as an intervention for criminal offending, recidivism, 
reoffending, aggression, violence, and the following disorders 
associated with criminal offending: ADHD, schizophrenia, 
psychosis, all Cluster B personality disorders, psychopathy, and 
SUD. Only studies that examined whether or not neurofeedback 
led to changes in the trained EEG-treatment parameters were 
considered. Three factors contributing to the evaluation of neu-
rofeedback training were assessed: (1) the type of neurofeedback 
protocol applied, (2) the number of sessions during which the 
neurofeedback protocol was applied, and (3) the change in neu-
rofeedback training parameters.

MeTHOD

Study Design
This review focused on single-electrode EEG-neurofeedback and, 
therefore, excluded neurofeedback modalities, such as interhemi-
spheric bipolar EEG-neurofeedback, near-infrared spectroscopy 
neurofeedback, or functional Magnetic Resonance Imaging neu-
rofeedback. Studies in which EEG-neurofeedback was combined 
with other feedback modalities, such as EMG-biofeedback in 
the experimental condition were also excluded. Until the end of 
the 1990s, EEG-biofeedback was the most common search term 
regarding neurofeedback (43). Therefore, EEG-biofeedback was 
included in the search terms. The following search terms were 
entered into the databases: neurofeedback or EEG-neurofeedback 
or EEG-biofeedback AND criminal offending, recidivism, reof-
fending, aggression, violence, psychopathy, schizo* or psycho* or 
psychosis or ADHD or attention-deficit or ADD or personality 
disorder or antisocial or narcissistic or borderline or addict* or 
substance use or substance abuse or substance dependen*. Only 
studies using adult participants (mean age >18) were included. 
As the major mental disorders most commonly associated with 
criminal recidivism are associated with problems in impulse 

control and aggression, neurofeedback or EEG-neurofeedback or 
EEG-biofeedback AND impulsivity or aggression were included. 
Change in EEG-parameters was defined as whether neurofeed-
back resulted in a change in EEG-frequency bands (increase or 
decrease in mean amplitude/power). Studies in which changes 
in EEG training parameters were observed without highlight-
ing the direction of the effect were excluded, as well as studies 
where the dependent variable was “cortical activation” or related 
terms without further description of specific change in trained 
frequency bands.

Inclusion criteria:

 1. The applied treatment was EEG-neurofeedback.
 2. The study contained detailed information about number of 

sessions applied, neurofeedback protocol applied, and elec-
trode position used.

 3. The study provided detailed information about change in EEG 
training parameters due to neurofeedback training.

Search Strategy
The search strategy consisted of two steps: first, databases were 
searched with the aforementioned terms. Electronic databases 
searched were PsychInfo and PubMed. Only English articles 
published from 1990 until November 3, 2017 were taken into 
account. Book chapters, dissertations, letters to the editor, and 
anecdotal case reports were not included. Studies in which neu-
rofeedback protocols were tested on healthy individuals were also 
excluded, as well as articles describing training-effects on non-
psychopathological features such as music performance. Articles 
resulting from the search strategy were scanned for relevance by 
screening titles and abstracts. Next, articles that seemed to meet 
inclusion criteria were examined more closely for fulfillment of 
all criteria. This step was done independently by two researchers 
(Sandra Fielenbach and Harmke  A. Visser). If no agreement could 
be reached, an independent third party (Franc C. L. Donkers) was 
asked in deciding whether or not the study had to be included. See 
Figure 1 for a flow diagram of selection of studies.

ReSULTS

The initial search resulted in 224 articles that were screened. Of 
these, 10 studies met the inclusion criteria. Table 1 lists all stud-
ies that meet the inclusion criteria and gives an overview of the 
employed neurofeedback protocol, characteristics of the control 
group, moments of measurement, targeted neuropsychological 
and behavioral effects, whether the study stated a criterion for 
defining learners and non-learners, as well as the reported results.

Although the search concentrated on studies concerning neu-
rofeedback training for aggression, violence, recidivism, offend-
ing, psychopathy, schizophrenia, psychosis, Cluster B personality 
disorders, SUD and attention-deficit disorder, only studies for 
schizophrenia, attention-deficit/hyperactivity disorder, and SUD 
could be detected that met the inclusion criteria.

Attention Deficit/Hyperactivity Disorder
Three studies on ADHD were found that met the inclusion 
criteria (40, 45, 46). All studies used different neurofeedback 
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protocols: Arns et  al. (46) employed a QEEG-guided feedback 
protocol, where enhancement/decrease in frequencies was based 
on deviations found in the QEEG at pre-treatment assessment. 
Mayer et al. (45) employed a SCP-protocol, whereas Schönenberg 
et  al. (40) employed a theta/beta protocol. Applied number of 
sessions was approximately 30. All three studies reported sig-
nificant clinical changes concerning ADHD symptoms, such as 
inattention, hyperactivity, impulsivity, and depressive symptoms, 
while changes in trained EEG-frequencies posttreatment were 
not significant or only by trend. In Schönenberg et al. (40), no 
significant effect of time/treatment was found, whereas Mayer 
et  al. (45) report a trend toward significance concerning the 
desired increase of CNV amplitude. In Arns et al. (46), a signifi-
cantly decreased SMR power was found posttreatment in patients 
who underwent a SMR-training protocol, while the training was 
actually aimed at enhancing this frequency band. Only one of the 
studies actually linked the results found on a neurophysiological 
level to behavioral outcome measures. Arns et al. (46) reported 

a significant correlation between anterior individual alpha peak 
frequency and the percentage of improvement on depressive 
symptoms posttreatment, suggesting that participants with a 
slower anterior alpha peak frequency improved less on comorbid 
depressive symptoms.

Only the study by Schönenberg et al. (40) employed a control 
group (sham-neurofeedback and meta-cognitive therapy), and 
effects of neurofeedback training were not superior to effects 
found in the control group.

Substance-Use Disorder
For SUD, three studies met the inclusion criteria (18, 47, 48).  
The studies employed three different types of protocols: a classic 
Peniston Protocol (alpha-theta neurofeedback) in alcohol-
dependent patients (48), a Scott-Kaiser modification of the Peniston  
Protocol (alpha-theta training followed by a SMR-protocol) in 
opiate-dependent patients (18), and a SMR-based protocol in 
cocaine abusers (47). Number of sessions ranged from 12 to 

FigURe 1 | Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of selection of studies. Two articles included in the search results 
(44, 45) refer to the same study, so the flow chart does not count them twice.
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TABLe 1 | Characteristics of the included studies (N = 10).

Reference, N  
(sex), medicated 
(yes/no)

Protocol, electrode 
position, number of 
sessions

Control group  
(yes/no), moment  
of measurement

Change in eeg-
parameters 
investigated by

Behavioral change 
investigated by

Criterion established 
for eeg-learning  
(yes/no)

Results
 (1) Symptom change
↑ improvements (p < 0.05)
<> = no change
 (2) Change in eeg-frequencies
↑ sign. increase in mean frequency
↓ sign. decrease in mean frequency
<> = no change
 (3) Results concerning for eeg-learning

ADHD/ADD

Arns et al. (46), 
N = 21, ♂/♀, yes 
(some patients)

QEEG-Informed protocols: 
beta ↑/theta ↓/alpha ↓; 
or beta ↓; or SMR ↑/
theta ↓ (+possibly alpha 
↑); or SMR ↑; individual 
electrode position; mean 
number of sessions 33.62

No, pre-training, 
mid-training and 
post-training

Changes in power 
in IAF, SMR, beta 
frequency bands and 
ERP measures

MINI PLUS/MINI PLUS 
KID, BDI (inattention, 
hyperactivity/
impulsivity, depression 
scores)

No  (1) Inattention ↑, hyperactivity/impulsivity ↑, depressive 
symptoms ↑. Response rate was 76% (16 out of 21) on 
behavioral measures

 (2) SMR power ↓, alpha, beta <>a

Mayer et al. (45); 
Mayer et al. (44),b 
N = 24, ♂/♀, yes

SCP ↓↑; Cz; 30 sessions No, pre-, mid-, post-
training and 6 months 
follow-up

Changes in CNV 
mean amplitude with 
Go/NoGo ERP task

ADHD-SB, WRI, FEA, 
FERT

Yes: learners/non-
learners based on ability 
to differentiate between 
negativation/positivation 
in transfer condition of 
last 3 sessions

 (1) Self-rated ADHD symptoms ↑, third-party rated ADHD 
symptoms ↑, depressive symptoms ↑, state and trait 
anxiety ↑, reaction time and reaction time variability ↑

 (2) CNV showed a trend of increase over time
 (3) 13 learners vs 11 non-learners. Trend toward larger 

improvements of self-rated ADHD symptoms in learners. 
Higher improvements of self-rated symptoms for learners 
at follow-upc

Schönenberg et al. 
(40), N = 113, ♂/♀, 
yes

Theta (4–8 Hz) ↓; beta 
(13–21 Hz) ↑; 30 sessions

Yes: sham-NFB/meta-
cognitive group therapy 
(MCT), pre-training, mid-
training, post-training 
and follow-up

Changes in mean 
theta/beta ratio

CAARS, BDI-II, STAI-
state, FPTM-23, TAP, 
Stroop, CPT, INKA

No  (1) Inattention ↑, hyperactivity ↑, impulsivity ↑, anxiety 
symptoms ↑, depression ↑, TAP flexibility ↑, reaction  
time <>, no superiority of NFB as compared to control 
groups

 (2) Theta/Beta ratio <>d

Substance-use disorder

Arani et al. (18), 
N = 20, ♂, yes

Alpha (8–11 Hz) ↓/theta 
(5–8 Hz) ↑, after crossover 
alpha + theta ↑ while delta 
(2–5 Hz) ↓ at Pz; SMR 
(12–15 Hz) ↑ at Cz; 30 
sessions

Yes: control group, 
no NFB, pre- and 
post-training

Changes in power of 
delta, theta, alpha, 
SMR, and high beta

SCL-90, HCQ No  (1) SCL-90: somatization, obsession, interpersonal  
sensitivity, psychosis, hostility, total score ↑,e HCQ: 
anticipation for positive outcome, desire to use, relief  
from withdrawal ↑, intention and plan to use <>

 (2) Delta ↓ (central and frontal), theta ↓ (central area), alpha ↓ 
(parietal and frontal areas), SMR ↑ (frontal, central area)

Horrell et al. (47), 
N = 10, ♂/♀, no

SMR (12–15 Hz) ↑ at C3/
theta (4–7 Hz) ↓ at F3; 12 
sessions

No, pre- and 
post-training

Changes in mean 
amplitude of theta, 
SMR frequency and 
ERP measures

BDI-II (PTSS and 
depressions scores), 
PSS-R, cue reactivity 
test, drug testing

No  (1) Cue reactivity test: reaction time <>, accuracy <>, 
depression/stress ↑, drug testing: positive drug testing ↑a

 (2) SMR ↑ (mean increase 17%), theta <> 
Cue reactivity test: gamma responses to drug cues ↓

Lackner et al. (48), 
N = 25, ♂, yes

Alpha (8–12 Hz) ↑ at Pz; 
theta (4–7 Hz) ↑ at Fz; 12 
sessions

Yes: TAU, pre- and 
post-training and 
6 months-follow-up

Changes in absolute 
and relative band 
power for theta, alpha 
and beta frequency 
band

ACQ-R, BDI-V, BSI, 
FKV-lis, FPTM-23, 
PPR, SOC, perceived 
control over EEG, belief 
in efficacy of training

No  (1) No significant results for behavioral outcome measures 
posttreatment, perceived control of EEG ↑, belief in  
efficacy of training ↑

 (2) Trend towards higher alpha, theta power ↑, beta <>f 
No significant effects found at follow-up
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TABLe 1 | Continued

Reference, N  
(sex), medicated 
(yes/no)

Protocol, electrode 
position, number of 
sessions

Control group  
(yes/no), moment  
of measurement

Change in eeg-
parameters 
investigated by

Behavioral change 
investigated by

Criterion established 
for eeg-learning  
(yes/no)

Results
 (1) Symptom change
↑ improvements (p < 0.05)
<> = no change
 (2) Change in eeg-frequencies
↑ sign. increase in mean frequency
↓ sign. decrease in mean frequency
<> = no change
 (3) Results concerning for eeg-learning

Schizophrenia

Gruzelier et al. (49), 
N = 25, ♂/♀, yes

SCP ↑↓; C3/C4;  
10 sessions

No, improvements 
within and between 
sessions

Changes in 
self- regulation of 
interhemispheric 
negativity over course 
of training

Yes: good vs average 
performers based on 
visual inspection of 
performance in NFB-
sessions, first 5 sessions 
vs last 5 sessions

 (2) Ability of patients to learn self-regulation of 
interhemispheric negativity

 (3) Good performers had lateral shifts about twice as large as 
average performers (p < 0.058)a

Nan et al. (50),  
N = 1, ♀, yes

IAF ↑, beta 2 (20–30 Hz) ↓, 
12.5 h in 4 days

No, pre and 
post-training

Mean relative 
amplitude in individual 
theta, alpha, sigma 
band, beta 1 
(16–20 Hz)

Short-term memory 
test

 (1) Memory↑
 (2) Trend to increased IAB amplitude, trend toward decrease 

in relative beta 2 amplitudeg

Schneider et al. 
(14), N = 24, ♂, yes 
(patients only)

SCP ↑↓; Cz; 20 sessions 
for patients, 5 for health 
controls

Yes: two groups, both 
receiving NFB:
 1. schizophrenic 

patients
 2. Healthy controls, 

pre and post-training

Changes in mean 
differentiation of SCP 
over course of training

Yes: learning success 
defined as mean 
difference between 
required negativity 
increase and negative 
suppression

 (3) Patients were less efficient in SCP self-regulation than 
controls, patients were only able achieve differentiation 
of feedback trials comparable to controls in the last three 
sessions of traininga

Psychopathy

Konicar et al. (27), 
N = 14, ♂

SCP ↑↓; Fcz; 25 sessions No, pre- and 
post-training

Changes in mean 
differentiation of SCP 
for first 6 sessions vs 
last 6 sessions

FAF, BPAQ, BIS/BAS, 
Flanker Test

Learning investigated, 
but no criteria as to 
group patients

 (1) Physical aggression ↑, behavioral approach ↑, reaction 
time ↑, commission errors ↑

 (2) Increase in SCP differentiation, but not for transfer conditions
 (3) Learning progress over the whole 25 training sessions 

showed a significant increase of SCP differentiation for the 
feedback condition as well as for the transfer condition 
over timea

aNo effect sizes given.
bThe articles by Mayer et al. (44, 45) refer to the same study. Description is based on Mayer et al. (45).
cCohens’d effect size d = 1.09.
dEffect size within-participant 1:00 for NFB, 1:51 for sham, and 1:41 for mct.
eEffect sizes for significant results on the SCL-90 η2 ranged from 0.4 to 0.75. Effect sizes for HCQ ranged from η2 = 0.32 to 0.45.
fη2 for absolute alpha 0.139, theta 0.111.
gNo effect sizes given, forward digit test improved from 7 to 9, backward digit test improved from 5 to 6.
N, number of participants based on initial inclusion; IAF, individual alpha frequency; MINI/MINI KID, structured ADHD interview; BDI-(II–V), German version of Beck Depression Interview; ADHD-SB, Current ADHD questionnaire as part 
of HASE; WRI, ADHD Wender–Reimherr Interview; FEA, ADHD symptom questionnaire; FERT, questionnaire to assess expectancy with regard to treatment; CAARS, Conners’ Adult Rating Scale; STAI, Anxiety questionnaire; FPTM-
23, Therapy Motivation Questionnaire; CPT, continuous performance test; INKA, inventory for complex attention; SCL-90, Symptom Checklist-90; HCQ-45, Heroin Craving Questionnaire; PSS-R, Posttraumatic Symptom Scale—Self 
Report; ACQ-R, Alcohol Craving Questionnaire Revised Form; BSI, Brief Symptom Inventory; PPR, Posttraumatic Growth Inventory; SOC, Sense of Coherence Scale; FAF, Assessment of aggressiveness factors; BPAQ, Buss–Perry 
Aggression Questionnaire; BIS/BAS, Behavior-Inhibition/Behavior-Activation System Questionnaire; ADHD, attention-deficit hyperactivity disorder; SCP, slow cortical potential; EEG, electroencephalographic; ERP, event-related 
potential; CNV, contingent negative variation; SMR, sensori motor rhythm.
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approach, while reactive aggression and aggression inhibition did 
not improve significantly.

eeg-Learning
Only 3 out of 10 studies established criteria for EEG-learning  
(14, 45, 49). Gruzelier et al. (49) differentiated between good and 
bad performers based on visual inspection of performance of 
training sessions when comparing the first five sessions with the 
last five sessions and reported that good performers had lateral 
shifts about twice as large as average performers. In Schneider et al. 
(14), learning success was defined as mean difference between 
required negativity increase and negative suppression and found 
that for patients, learning success took longer in time to manifest 
as compared to controls. Learning success correlated negatively 
with symptomatology at the beginning of the study, history of 
illness, and number of hospitalizations, implying that patients 
with a worse history of schizophrenic symptoms were less able to 
learn principals of neurofeedback training. The study by Mayer 
et al. (45) was the only study that established criteria for EEG-
learning and also investigated whether EEG-learning was related 
to changes in clinical symptoms. They reported a trend toward 
significance for higher ADHD symptom improvement in patients 
who could be classified as a “neurofeedback-learner” (based on 
a participants’ ability to differentiate between negativation and 
positivation in neurofeedback transfer conditions). The study 
by Arns et  al. (46) did not establish criteria for EEG-learning, 
but classified responders to neurofeedback training based on 
clinical symptom reduction. They found a response rate of 76% 
based on behavioral measures, with significant improvements on 
attention, impulsivity, and comorbid depressive symptoms, but 
posttreatment EEG measurements were only available for 6 out 
of 21 patients. The results of the available EEG measurements 
indicated changes in training parameters in an opposite direction 
as expected, as shown by a decrease in SMR power posttreatment 
when actually SMR was up-trained. In the study by Konicar et al. 
(27), the level of participants’ SCP differentiation was correlated 
with improvements on behavioral measures, indicating larger 
reductions in physical aggression, behavioral approach, reactive 
aggression, and aggression inhibition, with greater SCP differen-
tiation indicating higher clinical improvements.

Risk for Bias
Risk for bias in the selected studies was analyzed according to 
Cochrane standards of practice (52). Two reviewers (Sandra 
Fielenbach and Harmke A. Visser) independently scored the risk 
for bias and then reached consensus. See Figures 2 and 3 for an 
assessment of bias in the included studies. Risk for bias mainly 
stemmed from a lack of control conditions, lack of blinding, and 
incomplete outcome data.

DiSCUSSiON

This study set out to review studies that applied neurofeedback 
in criminal offending and the disorders these patients usually 
present with. Only studies that described whether or not neu-
rofeedback led to changes in trained EEG-treatment parameters 
were considered. To the best of our knowledge, this is the first 

30 sessions. In all studies, the investigated behavioral outcome 
measures did not only concern substance use itself but also 
concerned related clinical symptoms, such as broader psycho-
pathology [e.g., the Symptom Checklist-90 (SCL-90) in the 
study by Arani et al. (18) and the Brief Symptom Inventory in 
the study by Lackner et al. (48)], posttraumatic-stress syndrome-
related symptoms and depression scores [e.g., BDI in the study 
by Horrell et  al. (47) and Lackner et  al. (48)]. Posttreatment, 
positive effects were reported for some of the subscales of the 
SCL-90 (18) and depressive symptoms and level of stress (47), 
whereas Lackner et  al. (48) found no significant behavioral 
changes except for an effect by trend in the sense of coherence, a  
concept strongly related to perceived mental health. Concerning 
primary symptoms of SUD, Arani et al. (18) found a significant 
decrease of a number of subscales of a craving questionnaire 
(desire to use addictive substances, relief from withdrawal symp-
toms and anticipation of positive outcome), and Horrell et al. (47) 
found a decrease in number of positive drug testing after neu-
rofeedback training. Arani et al. (18) and Horrell et al. (47) also 
found significant effects in at least some of the EEG-frequency 
bands trained (delta, theta, alpha, and SMR). Lackner et al. (48) 
found a trend towards an increase in theta and alpha in absolute 
power bands, but the effects could not be found at 6  months 
follow-up assessment. However, participants’ perceived control 
over EEG activity, as well as anticipation of positive outcomes of 
training significantly, increased over the course of training.

Schizophrenia
Three studies could be identified that met the inclusion crite-
ria for neurofeedback studies in patients with schizophrenia  
(14, 49, 50). The studies by Gruzelier et al. (49) and Schneider 
et al. (14) employed SCP-neurofeedback at central electrode posi-
tions, whereas Nan et al. (50) trained the individual alpha peak 
frequency in a single-subject design. Number of sessions ranged 
from 10 to 20, with the exception for Nan et al. (50) who employed 
12.5 h of neurofeedback training within four consecutive days. 
Gruzelier et al. (49) and Schneider et al. (14) investigated whether 
patients were able to learn to control SCP. Gruzelier et al. (49) 
found patients able to learn to control interhemispheric asym-
metry, whereas Schneider et al. (14) found schizophrenic patients 
to only achieve differentiation of feedback trials comparable to 
controls in the last three sessions of training. Only Nan et  al. 
(50) investigated effects on a behavioral level through a short-
term memory test, which improved posttreatment, while results 
concerning change in EEG-frequencies posttreatment were only 
significant by trend.

Offending/Psychopathy
Only one study was found regarding neurofeedback train-
ing in a population of criminal offenders and adhered to our 
inclusion criteria. The study by Konicar et  al. (27) employed a 
25-session SCP-training protocol in a population of offenders 
with high scores on the Psychopathy Checklist- Revised (51). 
Behavioral outcome measures concerned clinical symptoms, 
such as aggression as well as behavioral approach/avoidance 
constructs. Posttreatment, there was a significant reduction 
in physical aggression measurements as well as in behavioral  
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review that investigates neurofeedback training for the purpose 
of applying it in the treatment of criminal offenders. The review 
identified 10 studies, of which three studies concentrated on 
neurofeedback training in patients with ADHD, three on patients 
with SUD, three on schizophrenia, and one on offenders with 
psychopathic traits. No studies fitting the inclusion criteria could 
be identified for neurofeedback applied in patients with cluster 
B personality disorders, or for reducing violence or recidivism 
in criminal offenders. For all treatment populations and applied 
neurofeedback protocols taken into account, the number of 
neurofeedback sessions varied greatly, ranging anywhere from 
10 to 30 sessions. Most sessions were applied in patients with 
ADHD (about 30 sessions), whereas number of sessions was 
smaller in patients with schizophrenia (10–20 sessions). Possibly, 
patients with ADHD are more able to undergo a large number 
of treatment sessions then patients with schizophrenia, which 
are more disabled when it comes to adhering treatment due to 
their negative symptoms (53). In the study by Nan et  al. (50), 
an intense 4-day neurofeedback training protocol was applied. 
Unfortunately, level of negative symptoms was not assessed and 
no indication about patient motivation for treatment was given, 
so it remains unclear whether individual characteristics of the 
patient (such as the high degree of education) contributed to the 
patient’s ability to follow such an intense training protocol.

With regard to the behavioral results of the studies in this 
review, neurofeedback research for criminal offenders might 
benefit most from studies where improvements were found for 
levels of impulsivity (40, 45, 46), psychopathy (27), hostility 
(18), and drug use (18, 47), which are all very often present 
among forensic psychiatric patients. Impulsiveness is a strong 
predictor of criminal offending, and the difficulties with inhibi-
tory control make these patients more prone to aggressive out-
bursts and violent behavior [e.g., Ref. (54, 55)]. Substance use 
is associated with higher rates of violence (56). Reducing these 
symptoms by neurofeedback might be promising with regard 
to the reduction of recidivism. The results of these studies are 
mixed with regard to posttreatment changes in the targeted 
EEG-frequency bands, with results ranging from no significant 

FigURe 3 | Risk of bias graph according to the Cochrane Handbook for Systemtic Review Intervention (52). Authors’ judgements about each risk of bias item 
presented as percentages across all included studies.

FigURe 2 | Risk for bias is assessed according to the Cochrane Handbook for 
Systemtic Review Intervention (52). The risk for bias is defined as ‘bias of sufficient 
magnitude to have a notable impact on the results or conclusions of the trial’.
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changes, trends toward significance, to significant changes in 
the desired direction.

A central hypothesis in neurofeedback research is that the 
positive effects of the training are due to a feedback-driven train-
ing of specifically targeted frequency bands (40). However, even 
in studies where EEG-frequencies did not significantly change 
posttreatment (40) or even changed in the opposite direction as 
intended with the training protocol (46), clinical improvements 
could still be observed. Also, in the study by Lackner et al. (48), 
no behavioral improvements could be observed, while changes 
in theta and alpha power were significant by trend posttreat-
ment (however, patients’ belief in the efficacy of training and 
the perceived control of EEG activity increased over the course 
of training). It is to be expected that a patients’ ability to learn 
principles of neurofeedback should be correlated with changes 
in clinical symptoms. In the study by Konicar et  al. (27), level 
of participants’ SCP differentiation was positively correlated 
with improvements on behavioral measures. In Mayer et  al. 
(45), a trend toward higher improvements of ADHD symptoms 
for EEG-learners could be observed. In the study by Schneider 
et  al. (14), EEG-learning success correlated negatively with 
symptomatology at the beginning of the study, history of illness, 
and number of hospitalizations, so possibly, neurofeedback is 
easier for patients with less severe courses of illness. Based on 
the studies in this review, no final conclusion can be drawn about 
whether positive effects of neurofeedback are due to specific neu-
rophysiological changes. There is still an ongoing debate about 
whether improvements in clinical symptoms post-neurofeedback 
training are due to other, non-specific effects, such as perceived 
self-efficacy (57), therapist–patient interaction, and/or increased 
ability to focus on the neurofeedback training at hand. Only four 
studies in this review compared the effects of neurofeedback to a 
control group (14, 18, 40, 48). While some of the unblinded trials 
in this review revealed improvements in clinical symptoms after 
neurofeedback training, the triple-blind, randomized controlled 
trial by Schönenberg et al. (40) showed no superiority of neuro-
feedback training over sham-neurofeedback and meta-cognitive 
group therapy. Most of the studies included in our review also 
had a high risk of bias, which was mostly due to the lack of a 
control group and blinding of participants and therapists. The use 
of adequate control groups is an ongoing debate in the literature. 
Sham-neurofeedback training often times contains of training 
of seemingly irrelevant frequency bands that are typically in 
the higher beta or gamma bands. However, some studies show 
that alterations in EEG-frequency bands posttreatment can 
still be observed, even though these frequency bands were not 
up- or down-trained during the intervention [e.g., Ref. (58)]. It 
is, therefore, possible that effects found in sham-neurofeedback 
conditions are due to training of seemingly irrelevant frequency 
bands. The use of an EMG-biofeedback as an adequate control 
group is also highly questionable, as a recent study by Barth et al. 
(57) showed that even EMG-biofeedback resulted in an increase 
of alpha power posttreatment. It is clear that more research on 
adequate control groups is needed.

For forensic psychiatric patients with multiple comorbidities, 
QEEG deviations might not match with the frequency bands that 
are up- or down-trained in standard neurofeedback protocols. In 

this review, most studies only investigated differences between 
groups pre-treatment, but did not investigate whether QEEG 
deviations at baseline actually matched the employed neuro-
feedback protocol. Clarke et al. (59) for example, identified three 
different EEG-frequency clusters in children with ADHD, who 
also presented with significantly different behavioral complaints 
between groups. They identified a subgroup who presented with 
increased delinquent behavior, but who showed an increased 
beta activity and a decreased theta activity instead of the cortical 
underarousal often used as an indicator for lack of inhibitory 
control. More research is still needed about how these EEG 
deviations manifest in ADHD adults, but it can be argued that 
these patients will most likely not profit from a standard theta/
beta neurofeedback protocol.

The success of neurofeedback training for complex combina-
tions of disorders might also be found in secondary factors such 
as treatment retention and teaching patients to cope with stress, 
rather than successfully normalizing (all) QEEG deviations. 
Individuals with high levels of impulsivity (such as often seen 
in ADHD and/or SUD) more often fail to complete treatment 
programs (60, 61), which in turn increases risk for recidivism. 
In a study by Scott et al. (39), the Scott-Kaiser modification of 
the Peniston Protocol was employed in subjects presenting with 
SUD and attention deficits, and while the study does not report 
outcomes on a neurophysiological level, participants remained in 
treatment significantly longer than controls. For criminal offend-
ers, risk for criminal recidivism will almost certainly benefit 
from keeping patients in treatment. Furthermore, studies have 
shown that neurofeedback (especially alpha-theta protocols) can 
be effective in improving mentalization (62). Poor mentalization 
skills are believed to at least partially underlie aggressive behavior 
in antisocial personality disorder (63). Improving mentalization 
skills could serve as a protective factor toward preventing aggres-
sion among criminal offender populations (63).

None of the studies investigated in this review report serious 
side effects of neurofeedback training. With medication for disor-
der such as ADHD and schizophrenia, side effects tend to be quite 
stressing and uncomfortable for patients. Also, positive effects of 
medication tend to diminish once medication use is terminated. 
Often times, the efficacy of neurofeedback is questioned as it has 
not been shown to be superior to medication. Yet, some studies 
do show comparable effects of medication and neurofeedback 
[e.g., Ref. (37, 64)]. If similar results can be achieved with neu-
rofeedback as with medication, neurofeedback could be seen as 
the less invasive treatment with less possible side effects. This 
would especially be the case when applied in vulnerable patient 
populations.

CONCLUSiON

More research focusing on neurofeedback and actual learning 
of cortical activity regulation is needed in populations with 
externalizing behaviors associated with violence, criminal 
behavior, and oftentimes multiple comorbidities. Although large 
randomized controlled trials are considered the gold standard 
in scientific research, it is questionable whether studies with 
criminal offenders can adhere to these strict standards, due to 
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low levels of treatment compliance of criminal offenders mak-
ing it difficult to engage these patients in scientific research 
(5). Clinical trials, as well as single-case experimental designs  
[e.g., Ref. (65)], where some compromises in research methodol-
ogy and experimental controls have to be made, but where treat-
ment is tailored to the individual and his/her clinical complaints 
(66) might be more feasible than large double-blind randomized 
controls. The study by Nan et al. (50) explored the effects of neu-
rofeedback training in a single-subject design, but unfortunately, 
improvement in clinical symptoms was not investigated system-
atically. However, the methods used in clinical trials can provide 
the same level of experimental rigor and internal validity (67) 
if executed correctly and might help shed light on applicability 
of neurofeedback in criminal offenders and possibly help reduce 
risk of recidivism.
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