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Abstract
There are currently no long-term interventions for children with neurodevelopmental
disorders that address clinical symptoms without side-effects. EEG neurofeedback
intervention has been tested as a novel clinical intervention for children with
neurodevelopmental disorders. To date, however, the effectiveness of EEG neurofeedback
intervention in improving cognitive performance has not been established. In the present
study, therefore, we conducted a systematic review and meta-analysis of randomised
controlled trials to examine the effectiveness of EEG neurofeedback specifically focusing on
inhibitory and updating of working memory functioning in children with neurodevelopmental
disorders. When EEG neurofeedback was compared with a sham EEG feedback group, a
waitlist control group, or pharmacological intervention, EEG neurofeedback was more
effective in decreasing the clinical symptom severity in children with Attention Deficit
Hyperactivity Disorder (ADHD) (e.g., a score for inattention and hyperactivity-impulsivity
combined; a score for hyperactivity-impulsivity only) and in children with Autism Spectrum
Disorder (ASD) (i.e., social communication and interaction, as well as stereotyped
behaviour). It is critical to note however, that all outcomes in the current study were rated at
very low or low certainty of evidence via the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) tool. These low and very low ratings mean that the
reader cannot have full confidence that the favourable EEG neurofeedback findings represent
the true effect. As a result, the effectiveness of EEG neurofeedback for inhibitory and
updating of working memory functioning in children with ADHD and ASD needs to be
interpreted with caution and more well-designed studies need to be conducted to provide
suggestions for the intervention’s clinical use. In sum, these findings indicate that an
insufficient amount of high-certainty evidence for EEG neurofeedback for inhibition and
updating of working memory in children with ADHD and ASD is currently available. The
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evidence provided via the GRADE tool extended the existing EEG neurofeedback literature
and provided recommendations for future studies.
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Chapter 1: General Introduction

1.1 Preface
Welcome to this Master of Philosophy study.
I am eager to present to you the thorough systematic review and meta-analysis that was
conducted for this program of study. Before we get to this, however, I will provide a brief
introduction to the context of this research. A more detailed and extensive background
section is waiting for you in Chapter 2.

1.2 Introduction
It is estimated that one in six children (or approximately 17%) were diagnosed with a
developmental or neurodevelopmental disorder in the United States in 2019 (Centers for
Disease Control and Prevention; CDC, 2019). Australian figures suggest that approximately
315,000 children and adolescents (or 7.4%) were diagnosed with the most common
neurodevelopmental disorder of Attention Deficit Hyperactivity Disorder (ADHD) in 2017
(Australian Institute of Health and Wellbeing; AIHW, 2020). Neurodevelopmental disorders
are clusters of symptoms that manifest during the childhood developmental period (American
Psychological Association; APA, 2016) and include conditions such as ADHD, Autism
Spectrum Disorders (ASD), Intellectual Disabilities, Down Syndrome, Fetal Alcohol
Spectrum Disorder, and Fragile X Syndrome. The impact of these disorder for children and
their families, along with the incidence rates of the neurodevelopmental disorders have been
discussed in greater detail in Chapter 2. Children who have been diagnosed with a
neurodevelopmental disorder experience functional delays or deficits in social, academic, or
cognitive domains (APA, 2016). The cognitive domain can be captured by the ‘umbrella’
term ‘executive functions’ and typically encompass response inhibition (i.e., the specific
capacity to inhibit task-irrelevant distractors and resolve conflict in pursuit of a particular
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goal) (Barkley, 1997; Miyake et al., 2000; Padmanabhan et al., 2015; Seargent, 2000),
updating of working memory (i.e., the functioning of working memory that is implicated in
the coding of new information and revising the information that is currently held in the
working memory accordingly) (Kane, 2003; Miyake et al., 2000), and task switching (i.e., the
capacity to flexibly switch between more than one task or mental set) (Monsell, 2003). These
three executive functions have been a popular focus in the literature, since the unity and
diversity theory of executive functions (Miyake et al., 2000), which considers the related, yet
separate nature of these processes. It is noteworthy (Miyake & Friedman, 2012; Miyake et
al., 2000) that other processes (e.g., planning and dual-tasking) and levels of discussion or
analysis (e.g., mental representation of a goal, monitoring aspects of a task or the
management of information in working memory during task completion) can be considered
as other cognitive functions when working with executive functions. However, inhibition,
updating of working memory and task switching are lower-level constructs that have been
captured by measurable and operational definitions that can be readily evaluated (Miyake et
al., 2000). A combination of these three functions is considered to underlie the higher-level
functions of dual-tasking and planning, which substantiates the importance of inhibition,
working memory, and task switching as the small vehicle for more complex functioning that
needs to be understood first (Miyake & Friedman, 2012).
In view of this conceptualisation that inhibition, updating of working memory, and
task switching should be understood first (Miyake & Friedman, 2012), and that the two most
commonly disrupted cognitive functions in children with ADHD, ASD, Intellectual
Disabilities, Down Syndrome, Fetal Alcohol Spectrum Disorder, and Fragile X Syndrome,
are inhibition and updating of working memory (Christ et al., 2007; de Vries & Geurts, 2014;
Lee et al., 2021; Munir et al., 2000; Sinzig et al., 2008; Stevens et al., 2002; Van der Molen et
al., 2014), this thesis will center on inhibition and updating of working memory as a point of
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intersect between the theoretical conceptualisation of cognitive functioning, and the clinical
presentation of children with neurodevelopmental disorders.
To date, there are no options to permanently treat the symptomatic, clinical
presentation of these disorders with long-lasting effects beyond the completion of the course
of treatment (Hsia et al., 2014; Walters, Loades, & Russell, 2016; Wilhoit, Scott, & Simecka,
2017). The clinical presentation of the delays or deficits which are experienced by children
with neurodevelopmental disorders is typically managed via pharmacological and psychosocial interventions, such as cognitive-behavioural therapy, behavioural intervention, medical
treatment, or a combination of at least two of these (Ageranioti-Belanger et al., 2012; Boulet,
Boyle, & Schieve, 2009; Fabiano et al., 2009; Hsia et al., 2014; Moskowitz, Carr, & Durand,
2011; Murawski, Moore, Thomas, & Riley, 2015; Narzisi, Constanza, Umberto, Filippo, &
2014;, 2014; Reichow, 2012; Scheifes et al., 2013; Weston, Hodgekins, & Langdon, 2016;
Zablotsky et al., 2019). The effectiveness of non-invasive, symptomatic treatment approaches
is often limited by methodological weaknesses such as lack of methodological rigour or lack
of randomization during group allocation (Ozonoff & Cathcart, 1998; Reid et al., 2015;
Walters et al., 2016). Future research is key in evaluating treatment options. At present,
pharmacological intervention is the common approach. The pharmacological treatment
pathway serves as a common means of symptom control, particularly for children with
ADHD (Banaschewski et al., 2006; Faraone & Buitelaar, 2010; Scheifes et al., 2013). While
pharmacological interventions may be deemed a moderately effective treatment option, side
effects (e.g., headaches, dizziness, reduced appetite, growth restriction), lack of certainty
around potential long-term risks, reappearance of symptoms after discontinuation of
treatment, and non-response to medication have motivated the search for non-invasive, longterm treatments that can be provided without negative consequences (Graham et al., 2011;
Heinrich, Gevensleben, & Strehl, 2007; Jensen et al., 2007; Murray et al., 2008).
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Technical advances in recent decades have enabled the development of
electroencephalography (EEG) neurofeedback as a non-pharmacological mode of
intervention to help train, prevent, or remediate cognitive impairment (Gruzelier, 2014;
Kouijzer, van Schie, Gerrits, Buitelaar, & de Moor, 2013; Sitaram et al., 2017). EEG
neurofeedback is commonly conceptualised as a computer-based training of awareness or
control of cognitive states by providing participants with real-time feedback of their own
brain states, using EEG equipment. The most appealing aspect of EEG neurofeedback
training is that it is an entirely non-invasive approach i.e., nothing is embedded in the
participants brain or body in order to modify the participants symptoms or read the EEG data
(Congedo, Lubar, & Joffe, 2004; Vasiljevic & de Miranda, 2019). The training for EEG
neurofeedback is also designed to be embedded in a game format, which has face validity as
a treatment for children and is a fun activity for children provided that the children enjoy
computer-based engagements (Lee, Park, & Kim, 2017).
It is thought that participants learn to modify or control the targeted brain-state
activity, promoting neuroplasticity, which leads to improved self-regulation in daily activities
(see Figure 1).
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Figure 1. Neurofeedback intervention loop. This figure is adopted from Bagdasaryan
and Le Van Quyen and it depicts a simplified overview of neurofeedback that is
delivered via electroencephalography (EEG) (Bagdasaryan & Quyen Mle, 2013).
During the neurofeedback session, the individual’s brain signal is acquired through the
EEG equipment (A, B). The software processes the incoming brain signal and provides
information about the degree of alignment between the participant’s real-time brain
activity and the pre-determined training goal parameters (C, D). This information is
presented to the participant as visual or auditory feedback in real-time, in order to
continuously update the participant about the modulation of their own brain activity
(E; Bagdasaryan & Quyen Mle, 2013; Huster, Mokom, Enriquez-Geppert, &
Herrmann, 2014)
Neuroplasticity refers to the brain’s unique ability to grow neurons and alter neural
connections in response to experiences (Siegel, 2010). Imaging studies in the area of
neuroplasticity have indicated, for example, how training in activities such as music,
exercise, or meditation can have a lasting impact on brain structure or function, or both
(Vance, Roberson, McGuinness, & Fazeli, 2010; Zatorre, 2013). Repeated, activitydependent experiences, therefore, can have a lasting impact on the brain (Ganguly & Poo,
2013). Converging evidence suggests that reinforcing a particular oscillatory pattern through
EEG neurofeedback training increases the likelihood for the same pattern to be reproduced
more easily in the future (Lubar, Swartwood, Swartwood, & Timmermann, 1995; Ros,
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Munneke, Ruge, Gruzelier, & Rothwell, 2010). For the beta rhythm in healthy adults for
example, this effect is robust enough to be detected up to three years after EEG
neurofeedback training (Engelbregt et al., 2016). This supports the fundamental premise of
EEG neurofeedback that the brain can be conditioned to exhibit certain oscillatory patterns,
i.e., those that underlie cognitive functions such as inhibition and updating of working
memory. The growing neuroplasticity literature informs us that, integral to the maturation of
a child’s nervous system are sensitive (but not necessarily critical) periods for development
(Davis, Luecken, & Lemery-Chalfant, 2009; Happe & Frith, 2014; Heim & Binder, 2012;
Knudsen, 2004; Newport, Bavelier, & Neville, 2001; Perani et al., 2003; Wachs, Georgieff,
Cusick, & McEwen, 2014; Weber-Fox & Neville, 1996). During these sensitive periods, the
brain is particularly susceptible to change through experience, with potential for diminished
remediation in adulthood. Therefore, considering treatment possibilities, such as EEG
neurofeedback during the emerging stages of executive functions is a promising avenue for
mitigating long-term dysfunction (Sonuga-Barke & Halperin, 2010).
While EEG neurofeedback is currently being tested in standardised clinical settings
(e.g., Enriquez-Geppert et al., 2014; Janssen et al., 2016; Kouijzer et al., 2013), the
effectiveness of EEG neurofeedback in improving cognitive performance (such as is required
for the neurodevelopmental disorders examined in this thesis) has not been established yet.
Addressing poorer cognitive functioning delays or deficits in a non-invasive manner and with
the view of long-term remediation or mitigation via EEG neurofeedback, is a promising
direction to help to permanently address the cognitive sequelae of neurodevelopmental
disorders. The goal of the current study was to determine the effectiveness of EEG
neurofeedback in improving cognitive performance in the areas of inhibition and updating of
working memory in children with neurodevelopmental disorders via systematic review and
meta-analysis.
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Chapter 2: Systematic Review and Meta-Analysis
2.1 Preface
Now that you are aware of the general direction and context to this research, let’s move onto
the manuscript for the systemic review and meta-analysis. The manuscript in this next
chapter is currently under review with the Cochrane Collaboration and more specifically the
Cochrane Developmental, Psychosocial, and Learning Problems Group. This means that my
team of authors and I submitted an initial proposal for a review title that was accepted by the
Cochrane Developmental, Psychosocial, and Learning Problems Group (i.e., the review title
proposal is akin to a skeleton draft that outlines the review purpose, proposed procedures, and
potential outcomes and directions). After our review title was accepted, we started to work on the
protocol alongside the Cochrane Developmental, Psychosocial, and Learning Problems Group
and successfully published this protocol (see Appendix A). In a similar collaborative fashion, we are

currently working on this full review together with the Cochrane Developmental,
Psychosocial, and Learning Problems Group until the review meets all of the standardised
regulations of the Cochrane Developmental, Psychosocial, and Learning Problems Group.
Once all regulations are met the review will be published. These standardised regulations for

font, structure, formatting, analyses, tools, and referencing are outlined in the Cochrane
Handbook; (Higgins et al., 2019). The manuscript was prepared in close accordance with
these regulations. In keeping with these regulations also, parts of this manuscript (i.e., all
subsections of the background, objectives, and methods sections) have been published as a
protocol prior to the commencement of the full-length systematic review and meta-analysis
(Landes et al., 2017). The following full-length systematic review and meta-analysis is,
therefore, an extension to this protocol. Any divergences from the published protocol since its
publication were noted in the “Differences between protocol and review” section. For ease of
presentation of the full systematic review and meta-analysis, I included the manuscript below
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in the format of a publication preview. The Cochrane Collaboration recommends the use of
the review managing software Review Manager (or RevMan), and so the publication preview
in the following chapter was generated via this software. The watermark that you see on all
pages below is integral to the RevMan publication preview. The only modifications to this
manuscript were the following: the original Cochrane Collaboration header was removed to
make space for the thesis page numbers in the top right-hand corner. I also removed the
original manuscript table of contents and footer to avoid the presentation of two tables of
contents and two sets of page numbers.
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ABSTRACT
Background
Children worldwide experience neurodevelopmental problems. In this review, neurodevelopmental problems are characterised as: autism
spectrum disorder (ASD); attention deficit hyperactivity disorder (ADHD); intellectual disabilities; Down syndrome; fetal alcohol syndrome
(FAS) disorder; and fragile X syndrome. Poor executive functioning performance (specifically, inhibition and updating of working memory)
are a central characteristic of these neurodevelopmental disorders. Current pharmacological interventions manage symptomatology with
moderate effectiveness. Side effects, however, are likely to occur.
No long-term intervention without side effects is currently available. In the context of increasing commercialisation of EEG neurofeedback
treatment options, this review evaluated EEG neurofeedback training to target inhibition and updating of working memory in children
with neurodevelopmental disorders.
Objectives
To assess the effectiveness of EEG neurofeedback as treatment for inhibition and updating of working memory problems in children with
neurodevelopmental disorders.
Search methods
In September 2018, we searched CENTRAL, MEDLINE, Embase, 12 other databases and two other trial registers. We also searched five grey
literature sources and the reference lists of all included studies in this review.
Selection criteria
Randomised controlled trials (RCTs) of children or adolescents, aged six to 18 years with executive functioning difficulties in the domains
of inhibition and updating of working memory, as identified via the primary clinical diagnosis of the neurodevelopmental disorders: ASD
or ADHD, intellectual disabilities, Down syndrome, FAS disorder or fragile X syndrome. We included EEG neurofeedback, used as treatment
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for improving levels of inhibition and updating of working memory, regardless of the training protocol. Control groups included sham
feedback, treatment as usual (e.g. routine clinical management or pharmacological intervention), and wait-list control.
Data collection and analysis
We used standard methodological procedures expected by Cochrane.
Main results
We included data from 18 RCTs (614 participants, mean age seven to 15 years, primary diagnosis ADHD or ASD, comorbidities present).
Two studies were conducted in Canada or USA, 10 in Europe, and six in Asia or Australia (setting: multicentre trial, standardised laboratory,
clinic, psychiatric university centre, home setting, or unclear; all interventions were completed in a maximum of 20 weeks). Certainty of
evidence was low or very low for all outcomes.
EEG neurofeedback compared to non-active comparators (i.e. sham EEG feedback or wait-list condition)
- P3: EEG neurofeedback group had higher mean amplitude (MD 0.94; lower P3 mean amplitude associated with ADHD in children; 95%
CI -5.20 to 7.08; 1 study; 22 participants).
- Inhibition: Little or no difference in magnitude of effect (SMD 0.04, 95% CI -0.38 to 0.47; P = 0.84; I2 = 53%; Chi2 = 15.04; heterogeneity P
= 0.04; Tau2 = 0.19; 8 studies; 211 participants).
- Updating of working memory: Magnitude of effect marginally smaller for EEG neurofeedback group (SMD 0.45, 95% 0.14 to 0.76; P = 0.01;
I2 = 0%; Chi2 = 3.72; heterogeneity P = 0.45; Tau2 = 0.00; 5 studies; 173 participants).
- Adverse effects: EEG neurofeedback group had a higher adverse effect rating (MD 0.20, higher score indicates higher adverse effects; 95%
CI -2.41 to 2.81; 1 study; 41 participants).
- Global symptoms ADHD: Magnitude of effect substantially larger for EEG neurofeedback group (SMD -1.64, 95% CI -2.22 to -1.06; P = 0.01;
I2 = 80%; Chi2 = 4.97; heterogeneity P = 0.03; No measure of Tau2; 2 studies; 66 participants).
- Global symptoms ASD: Magnitude of effect moderately larger for EEG neurofeedback group (SMD -0.75, 95% CI -2.87 to 1.37; P = 0.49; I2
= 89%; Chi2 = 8.86; heterogeneity P = 0.01; Tau2 = 0.01; 2 studies; 40 participants).
- Hyperactivity-impulsivity: Magnitude of effect marginally larger for EEG neurofeedback group (SMD -0.36, 95% CI -0.76 to 0.04; P = 0.08;
I2 = 19%; Chi2 = 3.69; heterogeneity P = 0.30; Tau2 = 0.03; 4 studies; 129 participants).
EEG neurofeedback compared to active comparators (i.e. methylphenidate or routine clinical management)
- P3: EEG neurofeedback group had lower mean amplitude (MD -5.52; lower P3 mean amplitude associated with ADHD in children; 95%
CI -9.83 to -1.21; 1 study; 57 participants).
- N2: EEG neurofeedback group had lower mean amplitude (MD -1.22; lower N2 mean amplitude associated with ADHD in children; 95%
CI -5.61 to 3.17; 1 study; 57 participants).
- Inhibition: Magnitude of effect marginally smaller for EEG neurofeedback group (SMD 0.16, 95% CI -0.14 to 0.45; P = 0.30; I2 = 0%; Chi2 =
2.46; heterogeneity P = 0.48; Tau2 = 0.00; 4 studies; 176 participants).
- Updating of working memory: Magnitude of effect marginally smaller for EEG neurofeedback group (SMD 0.15, 95% CI -0.23 to 0.54; P =
0.43; I2 = 0%; Chi2 = 0.22; heterogeneity P = 0.64; Tau2 = 0.00; 2 studies; 105 participants).
Global symptoms ADHD: Magnitude of effect marginally larger for EEG neurofeedback group (SMD -0.45, 95% CI -1.04 to 0.13; P = 0.13; I2 =
15%; Chi2 = 1.36; heterogeneity P = 0.24; Tau2= 0.05; 2 studies; 68 participants).
Hyperactivity-impulsivity: Magnitude of effect marginally smaller for EEG neurofeedback group (SMD 0.14, 95% CI -0.20 to 0.48; P = 0.32; I2
= 15%; Chi2 = 3.53; heterogeneity P = 0.32; Tau2 = 0.02; 4 studies; 168 participants).
Authors' conclusions
Findings indicate that EEG neurofeedback has favourable effects on P3, global ADHD symptoms, global ASD symptoms, and hyperactivityimpulsivity ratings. However, as the evidence in this review is of low and very low certainty, we cannot have the full confidence that these
favourable findings represent the true effect. We were, therefore, unable to determine with certainty, the effectiveness and safety of EEG
neurofeedback for inhibition and updating of working memory functioning in children with diagnosed neurodevelopmental disorders.
These results are applicable to children with ADHD or ASD only and cannot be generalised to other neurodevelopmental disorders. To,
more fully, answer the question of whether EEG neurofeedback can manage effectively, inhibition and updating of working memory in
children with neurodevelopmental disorders, further research is needed. We encourage the working towards a uniform evidence base
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of robust experimental design (e.g. RCT design, blinding and/or measure of placebo-expectancy effects, training protocol specificity,
neurophysiological- and behaviour-based outcome assessments, transparent reporting).

PLAIN LANGUAGE SUMMARY
EEG neurofeedback for everyday cognitive functions in children with brain-based difficulties.
What is the aim of this review?
To evaluate the effectiveness of EEG neurofeedback training (i.e. a non-invasive training intervention that therapeutically trains the
brain’s electrical activity that underpins cognitive problems) for inhibition and updating of working memory in children with brain-based
functioning difficulties. Inhibition describes the withholding of an ongoing response process, when the response becomes contextually
unsuitable or dangerous (for example, stopping at a red light). Updating of working memory involves adding to, or revising, the
information that is temporarily stored in the working memory (for example, remembering to add an additional ingredient while cooking
a meal).
Key messages
While EEG neurofeedback had some favourable effects we did not find sufficient data to evaluate the effectiveness of EEG neurofeedback
intervention, or its side effects.
What was studied in the review?
The development of brain structures and neurological pathways in children with the neurodevelopmental disorders of autism spectrum
disorder (ASD); attention deficit hyperactivity disorder (ADHD); intellectual disabilities; Down syndrome; fetal alcohol syndrome (FAS)
disorder, and fragile X syndrome is compromised. Central to these disorders are cognitive difficulties in situations that require ‘inhibition’
and ‘updating of working memory’ functions. To date, no treatment exists that eliminates the cognitive difficulties in the long term and
without side effects. Technical advances have led to the development of EEG neurofeedback, as a promising treatment method that may
help, prevent or eliminate participants’ cognitive challenges.
What are the main results of the review?
We extracted data from 18 studies. Child participants (N = 614) with ADHD or ASD received EEG neurofeedback intervention or a control
condition (i.e. medication, routine clinical management, sham EEG neurofeedback, or a wait-list control condition). Interventions ran for a
maximum of 20 weeks. Studies were conducted in the USA, Canada, Korea, Thailand, Taiwan, Russia, Singapore, India, Iran, Australia, the
Netherlands, Germany, Norway, Poland, and Spain. The majority of studies were funded by government organisations.
The conclusions of this review are that: EEG neurofeedback may have a relevant treatment effect on brain activity, ratings of behavioural
markers for ADHD or ASD. Importantly, these results pertain to children with ADHD or ASD only. Furthermore, due to very low quality of
the research, the certainty of any treatment effects are limited.
How up-to-date was this review?
We searched for studies that had been published up to September 2018.
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SUMMARY OF FINDINGS
Summary of findings 1. EEG neurofeedback compared with non-active comparators for executive functioning performance in children with
neurodevelopmental disorders
EEG neurofeedback compared with sham EEG feedback or a wait-list condition for executive functioning performance in children with neurodevelopmental disorders
Patient or population: children with neurodevelopmental disorders
Settings: standardised laboratory settings, multi-centre trial setting, child and adolescent psychiatric university centre, unclear
Intervention: EEG neurofeedback (slow cortical potential training; to decrease theta/beta ratio; to inhibit theta and high beta, reinforce beta or sensorimotor rhythm; to
decrease excessive theta and reinforce beta; "theta/beta" training)
Comparison: sham EEG feedback of a wait-list condition
Outcomes

Illustrative comparative risks*
(95% CI)

Relative
effect
(95% CI)

No of
Participants
(studies)

Risk
with
no EEG
neurofeedback intervention

Risk with EEG neurofeedback intervention

Non-active comparison, EEG profile rating (P3)
Measured via: cued continuous performance task (a reduced P3 amplitude has
been associated with ADHD in children)
Follow up: post-intervention

The
mean P3
amplitude was
13.51 μV

The mean P3 amplitude was 0.94 μV
higher (-5.20 lower to
7.08 higher)

-

22
(1 RCT)

Non-active comparison, inhibition

-

The mean score for inhibition was 0.04 standard deviations (SD)
higher (-0.38 lower to
0.47 higher)

-

211

Measured via: Go/no-go task (reaction
time on go trials, response accuracy on
no-go trials), Cued continuous performance task (impulsivity errors), Stroop
task (verbal response inhibition), Comprehensive Nonverbal Attention Test (impulse error), Integrated Visual and Audi-

(8 RCTs)

Quality of
the evidence
(GRADE)

very
lowa,d,e

very
lowc,e,f

Comments

Participants who received EEG neurofeedback had
a higher mean amplitude for P3, compared to participants who received the control intervention.

A standardised mean difference of 0.04
constitutes a small effect size. There was little or
no difference in the magnitude of effect for participants who received EEG neurofeedback, compared
to participants who received the control intervention.
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tory Continuous Performance Task (fullscale response control quotient)
Follow up: post-intervention
Non-active comparison, updating of
working memory

-

The mean score for
updating of working
memory was 0.45 SD
higher (0.14 lower to
0.76 higher)

-

The
The mean adverse efmean
fect rating was 0.20
adverse points higher (-2.41
effect
lower to 2.81 higher)
rating
was 3.90
points

-

41
(1 RCT)

-

The mean score for
global ADHD symptoms was 1.64 SD lower (-2.22 lower to -1.06
higher)

-

66
(2 RCT)

The mean score for
global ASD symptoms
was 0.75 SD lower
(-2.87 lower to 1.37
higher)

-

The mean ratings for
hyperactivity-impulsivity was 0.36 SD lower (-0.76 lower to 0.04
higher)

-

Measured via: Digit Span (score), n-back
task (correct responses), visual counting span (response accuracy), Attention
Network Task (Visuospatial Sequencing
Subtest score)
Follow up: post-intervention
Non-active comparison, adverse effects
rating
Measured via: Pittsburgh Side Effects Rating Scale (scores) (a higher score indicates
higher adverse effects)
Follow up: post-intervention
Non-active comparison, rated behavioural marker (global symptoms ADHD)
Measured via: Fremdbeurteilungsbogen
für hyperkinetische Störungen (German
ADHD rating scale) (parent ratings), ADHD
Rating Scale IV (ADHD-RS) (parent ratings)

173
(5 RCTs)

very
lowd,e

very
lowa,d,e

very
lowd,e,f

A standardised mean difference of 0.45
constitutes a small effect size. The magnitude of
effect was marginally larger for participants who
received the control intervention, compared to
participants who received EEG neurofeedback.

Participants who received EEG neurofeedback had
a higher mean rating for adverse effects, compared
to participants who received the control intervention.

A standardised mean difference of 1.64
constitutes a large effect size. The magnitude of effect was substantially larger for participants who
received EEG neurofeedback, compared to participants who received the control intervention.

Follow up: post-intervention
Non-active comparison, rated behavioural marker (global symptoms ASD)

-

Measured via: Social Communication
Questionnaire

40
(2 RCT)

very
lowd,f

Follow up: post-intervention
Non-active comparison, rated behavioural marker (hyperactivity-impulsivity)
Measured via: Conners' Parent Rating
Scale-Revised (parent ratings), Swanson,
Nolan Pelham, parent version IV rating

-

129
(4 RCTs)

very
lowd,e

A standardised mean difference of 0.75
constitutes a moderate effect size. The magnitude
of effect was moderately larger for participants
who received EEG neurofeedback, compared to
participants who received the control intervention.
A standardised mean difference of 0.36
constitutes a small effect size. The magnitude of
effect was marginally larger for participants who
received EEG neurofeedback, compared to participants who received the control intervention.
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(investigators ratings)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk in the EEG neurofeedback group (and
its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
ADHD: Attention Deficit Hyperactivity Disorder; CI: Confidence interval; RCT: Randomised controlled trial; μV: microvolts.
GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect
aDowngraded one level due to inconsistency: data from one study only.
bDowngraded

one level due to inconsistency: moderate statistical heterogeneity (I2 = 30% to 60%)

cDowngraded one level due to imprecision: small number of participants.
dDowngraded two levels due to imprecision: small number of participants; wide 95% confidence intervals.
eDowngraded one level due to strongly suspected publication bias: at least one of the following was present - small studies; industry funded trial (or unclear funding); unclear

or high risk of allegiance bias; unclear or potential conflict of interest.

fDowngraded by two levels due to inconsistency: substantial statistical heterogeneity (I2 = 50% to 64% or higher, and a significant Chi2 P value, or I2 = 65% or higher)

Summary of findings 2. EEG neurofeedback compared with active comparators for executive functioning performance in children with
neurodevelopmental disorders
EEG neurofeedback compared with medication (e.g. methylphenidate) or routine clinical management for executive functioning performance in children with
neurodevelopmental disorders
Patient or population: children with neurodevelopmental disorders
Settings: standardised laboratory settings, multi-centre trial setting, child and adolescent psychiatric university centre, or unclear
Intervention: EEG neurofeedback (slow cortical potential training; to decrease theta/beta ratio; to inhibit theta and high beta, reinforce beta or sensorimotor rhythm; to
decrease excessive theta and reinforce beta; "theta/beta" training)
Comparison: medication such as methylphenidate or routine clinical management
Outcomes

Illustrative comparative risks*
(95% CI)

Relative
effect
(95% CI)

No of
Participants

Quality of
the evidence

Comments

16
(studies)

Risk
with
no EEG
neurofeedback intervention

Risk with EEG neurofeedback intervention

Active comparison, EEG profile rating
(P3)
Measured via: stop signal task (a reduced
P3 amplitude has been associated with
ADHD in children)
Follow up: post-intervention

The
mean P3
amplitude was
12.95 μV

The mean P3 amplitude was 5.52 μV
lower (-9.83 lower to
-1.21 higher)

-

57
(1 RCT)

Active comparison, EEG profile rating
(N2)
Measured via: stop signal task (a reduced
N2 amplitude has been associated with
ADHD in children)
Follow up: post-intervention

The
mean
N2 amplitude
was2.41
μV

The mean N2 amplitude was 1.22 μV
lower (-5.61 lower to
3.17 higher)

-

57
(1 RCT)

Active comparison, inhibition

-

The mean score for
inhibition was 0.16
SD higher (-0.14 lower to 0.45 higher)

-

176
(4 RCTs)

The mean score for
working memory
was 0.15 SD higher
(-0.23 lower to 0.54
higher)

-

Measured via: Stop signal task (commission errors), Continuous performance
task (commission errors), Go/No-go task
(comission errors), Integrated Visual and
Auditory Continuous Performance Test
(full-scale response control quotient)

(GRADE)

very
lowa,d,e

Participants who received EEG neurofeedback had
a lower mean amplitude for P3, compared to participants who received the control intervention.

very
lowa,d,e

Participants who received EEG neurofeedback had
a lower mean amplitude for N2, compared to participants who received the control intervention.

lowc,e,f

A standardised mean difference of 0.16
constitutes a small effect size. The magnitude of effect was marginally larger for participants who received the control intervention, compared to participants who received EEG neurofeedback.

Follow up: post-intervention
Active comparison, updating of working
memory

-

Measured via: Visual Spatial Working
Memory Task (correct trials in the backward condition) (lower score indicates a
poorer working memory)

105
(2 RCT)

very
lowd,e

A standardised mean difference of 0.15
constitutes a small effect size. The magnitude of effect was marginally larger for participants who received the control intervention, compared to participants who received EEG neurofeedback.

Follow up: post-intervention
Active comparison, rated behavioural
marker (global symptoms ADHD)

The mean ratings for
global ADHD symp-

-

68
(2 RCTs)

A standardised mean difference of 0.45
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Measured via: Clinicians Manual for the
Assessment of Disruptive Behavior Disorders - Rating Scale for Parents, from Russel A Barkley (parent ratings), Conners'
Parent Rating Scale-Revised (parent ratings)

very
lowd,e

toms was 0.45 SD
lower (1.04 lower to
0.13 higher)

constitutes a small effect size. The magnitude of effect was marginally larger for participants who received EEG neurofeedback, compared to participants who received the control intervention.

Follow up: post-intervention
Active comparison, rated behavioural
marker (hyperactivity-impulsivity)
Measured via: Strengths and Weaknesses
of ADHD symptoms and Normal behaviour
scale (parent ratings), ADHD Rating Scale
IV (mothers ratings), Vanderbilt Attention
Deficit/Hyperactivity Disorder Diagnostic
Rating Scales (parent ratings)

-

The mean ratings for
hyperactivity-impulsivity was 0.22 SD
higher (0.15 lower to
0.59 higher)

-

168
(4 RCTs)

very
lowd,e

A standardised mean difference of 0.22
constitutes a small effect size. The magnitude of effect was marginally larger for participants who received the control intervention, compared to participants who received EEG neurofeedback.

Follow up: post-intervention
*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk in the EEG neurofeedback group (and
its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
ADHD: Attention Deficit Hyperactivity Disorder; CI: Confidence interval; RCT: Randomised controlled trial; μV: microvolts.
GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect
aDowngraded one level due to inconsistency: data from one study only.
bDowngraded

one level due to inconsistency: moderate statistical heterogeneity (I2 = 30% to 60%)

cDowngraded one level due to imprecision: small number of participants.
dDowngraded two levels due to imprecision: small number of participants; wide 95% confidence intervals.
eDowngraded one level due to strongly suspected publication bias: at least one of the following was present - small studies; industry funded trial (or unclear funding); unclear

or high risk of allegiance bias; unclear or potential conflict of interest.

fDowngraded by two levels due to inconsistency: substantial statistical heterogeneity (I2 = 50% to 64% or higher, and a significant Chi2 P value, or I2 = 65% or higher)
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BACKGROUND
Neurodevelopmental disorders encompass a range of conditions,
each with cognitive challenges that become apparent during
childhood. Historically, these have been conceptualised as various
distinct disorders on the basis of clinical phenotype and the
classification of symptom clusters in the Diagnostic and Statistical
Manual of Mental Disorders (DSM) Fourth Edition Text Revision (DSMIV-TR; APA 2000) or Fifth Edition (DSM-5; APA 2013), as well as the
International Classification of Diseases, 10th Revision (ICD-10; WHO
1993). Neurodevelopmental disorders include conditions such as
autism spectrum disorder (ASD), attention deficit hyperactivity
disorder (ADHD), intellectual disabilities, Down syndrome, fetal
alcohol spectrum (FAS) disorder and fragile X syndrome (Bishop
2008; Bishop 2010). These apparently separate disorder categories
are not mutually exclusive, nor are causal pathways considered
in these existing taxonomic systems - this presents a significant
limitation when considering treatment options.
Recent development of the Research Domain Criteria (RDoC) has
encouraged scientists to reconceptualise existing disorderclassifications in the interests of identifying shared causal
pathways, which can inform effective prophylactic or curative
responses, or both (Coghill 2015). At the same time, emerging
literature on neural circuitry is illuminating the development of
circuits that mediate core cognitive processes and behaviours,
and in ways that cut across these diagnostic groups (Glahn
2016). Rather than distinct disorders, it is hypothesised that
different phenotypes emerge as a result of the complex
interplay of environment and biology within these neural circuits
(Cuthbert 2010; Rutter 2010). For example, poor performance
of cognitive functions, such as reward response, emotional
regulation, extinction, working memory, and response inhibition
are implicated in a range of mental illnesses as well as in
intellectual and behavioural disorders (Insel 2010a; Leckman 2010).
In cognitive terms, these processes are referred to as executive
functions or cognitive control (Davidson 2006; Garvey 2016).
Executive functions, therefore, are the common denominator (or
point of transdiagnostic intersect) for several neurodevelopmental
disorders (Doyle 2015; Insel 2010b).
Inhibition and updating of working memory dominate the
executive function literature and are the cognitive functions that
have received the most attention as key functions of cognitive
control (Miyake 2000; St. Clair-Thompson 2006). As such, they form
a secure conceptual platform for this review. Inhibition refers to
the capacity to ignore task-irrelevant distractors and to resolve
conflict in pursuit of a particular goal (Barkley 1997; Hughes 2002;
Miyake 2000; Padmanabhan 2015; Sergeant 2000). Inhibition is
implicated in, for example, the Stroop and Flanker tasks (Blasi 2006;
Sugg 1994). Updating of working memory refers to a function of
working memory. Working memory broadly describes the cognitive
processes that enable the temporary storing and manipulating
of incoming information in pursuit of a particular goal (Baddeley
1992). Updating of working memory is implicated in the process of
coding new information and revising information that is currently
held in working memory. Updating of working memory is targeted
by tasks such as letter or digit memory and the Rey Auditory Verbal
Learning Task (Kane 2003; Miyake 2000). The literature describes
the provision of electroencephalographic (EEG) neurofeedback
training to target inhibition and updating of working memory.

In sum, EEG neurofeedback treatment for neurodevelopmental
disorders, targeting the mental processes of inhibition or updating
of working memory, provides hope for prevention and remediation
and served as the focus of this review.

Description of the condition
A considerable proportion of the population is affected by
neurodevelopmental disorders including the following.
1. ASD. It is estimated that 1 in 160 children worldwide has
a diagnosis of ASD, which equates to more than 7.6 million
disability-adjusted life-years and 0.3% of the global burden of
disease (WHO 2013; WHO 2016a).
2. ADHD. It is estimated that 39 million people are affected
by ADHD globally (WHO 2013). American reports suggest that
approximately 11% of children between 4 and 17 years of age
(6.4 million) are affected (Visser 2014). Australian figures suggest
that 7.4% (298,000) of 4- to 17-year olds who had a mental
disorder between 2013 and 2014 suffered from ADHD (Lawrence
2015). Between 5 and 14 years of age, an estimated 3.4% of total
years (1800 years) is lived in ill health or with disability, making
ADHD the eighth leading cause of non-fatal loss of health for
children in this age group in Australia (AIHW 2011).
3. Intellectual disabilities. An international meta-analysis in 29
countries indicated that, on average, 10.37 individuals among
every 1000 people affected have an intellectual disability
(Maulik 2011). This is the seventh leading cause of non-fatal loss
of health for children between birth and five years of age in
Australia, with an estimated 4.3% of total years (700 years) lived
in ill health or with disability (AIHW 2011).
4. Down syndrome, FAS disorder, and fragile X syndrome. These
conditions have received little attention in statistical accounts;
therefore, epidemiological data on these specific intellectual
disorders are limited to prevalence rates. The incidence rate
for Down syndrome is estimated to be around 1 in 1000 to 1
in 1100 live births worldwide (WHO 2016b). Western Australia
reported estimates of FAS disorder of 0.4 per 1000 live births
for the total population between 2000 and 2004 (Bower 2007).
Roozen indicated that between 1990 and 2005 the reported
occurrence of FAS disorder in Canada, Italy, and the USA was
between 30.52 and 47.13 per 1000, and in South Africa, the
prevalence of FAS disorder was particularly high at 113.22 per
1000 (Roozen 2016). In the absence of life expectancy data for
fragile X syndrome, and given the strong genetic component
involved in development of this disorder, prevalence rates are
expected to be the same across all age groups (Brown 2010).
Leykin reported that numbers of Australian persons with fragile
X syndrome were expected to range between 1362 and 4309 for a
full mutation with intellectual disability, and Brown anticipated
numbers of 13,466 and 87,137 with a permutation (Brown 2010;
Leykin 2009). Crawford estimated that 1 in 3717 individuals of
European descent is affected by this condition (Crawford 2002).
Youings projected that 1 in 5530 persons in the UK would receive
a diagnosis of fragile X syndrome, and most recently, Coffee
anticipated that fragile X syndrome would occur in 1 in 5161
males in the USA (Coffee 2009; Youings 2000).
In sum, neurodevelopmental disorders place a significant toll on
individuals, families, and communities. Gaining an understanding
of causal pathways with a view toward prevention or remediation
should be seen as a priority.
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Difficulties with cognitive control are evident in the neurocognitive
profiles of many individuals with different neurodevelopmental
disorders and are implicated in the behavioural and emotional
presentation of affected children (Happé 2006; Pennington 1996).
For example, problems related to inhibition and updating
of working memory are present to varying degrees. The
neurocognitive profiles of children with fragile X syndrome and
ADHD most often indicate problems with inhibitory control, which
overlap with clinical features of impulsivity and hyperactivity (Bari
2013; Happé 2006; Hooper 2008; Knox 2012; Oosterlaan 2005).
Difficulties with updating of working memory are implicated in
Down syndrome, fragile X syndrome, and intellectual disability,
all of which have been associated with limited ability to hold,
manipulate, and process incoming information (Daunhauer 2014;
Hartman 2010; Hooper 2008).
Executive functioning, the central mechanism required for
cognitive control, refers to the ability of the cognitive system
to co-ordinate internal processes (e.g. perceptual selection and
maintenance of contextual information) in pursuit of performance
of specific tasks (e.g. reading a book) (Botvinick 2001). Although
phenotypic presentations of difficulties in this area can be diverse,
their impact on functioning generally aggregates and worsens
as an individual gets older (Goldstein 2010; Masten 2005). Thus,
when considering treatments for executive functioning challenges,
patient age is critical.
Executive functions develop rapidly during childhood (from about
six years of age) and adolescence (e.g. Anderson 2002). Not only
does cognitive control typically improve during this time, but the
nature of these functions is more fully differentiated (Brydges
2012; Brydges 2014a; Shing 2010). The growing neuroplasticity
literature informs us that, integral to the maturation of a child’s
nervous system, are sensitive (but not necessarily critical) periods
for development (Davis 2009; Happé 2014; Heim 2012; Knudsen
2004; Newport 2001; Perani 2003; Wachs 2014; Weber-Fox 1996).
During these sensitive periods, the brain is particularly susceptible
to change through experience, with potential for diminished
remediation in adulthood. Therefore, considering treatment
possibilities, such as EEG neurofeedback, during emerging stages
of executive functions provides hope for mitigating long-term
dysfunction (Sonuga-Barke 2010). This developmental period
accounts for the choice of age groups included in the present

review. We focused on children and adolescents between 6 and
18 years of age. As executive dysfunction plays a role in various
disorders, we did not discriminate between disorders. Instead,
we focused on core executive functions targeted through EEG
neurofeedback, specifically, inhibition and updating of working
memory.

Description of the intervention
Cognitive-behavioural therapy, behavioural intervention, medical
treatment, or a combination of at least two of these is currently
employed to manage symptoms of neurodevelopmental disorders
(Ageranioti-Bélanger 2012; Fabiano 2009; Hsia 2014; Moskowitz
2011; Murawski 2015; Narzisi 2014; Reichow 2011; Scheifes 2013;
Weston 2016). Conclusions regarding the effectiveness of noninvasive, symptomatic treatment approaches are often limited by
methodological weaknesses such as lack of methodological rigour
or lack of randomisation during group allocation (Ozonoff 1998;
Reid 2015; Walters 2016). Future research is needed to further
evaluate treatment options. The current alternative to non-invasive
approaches is pharmacological intervention. The pharmacological
treatment pathway serves as a common means of symptom
control, particularly for children with ADHD (Banaschewski
2006; Faraone 2010; Scheifes 2013). Although pharmacological
interventions may be deemed a moderately effective treatment
option, side effects (e.g. headaches, dizziness, reduced appetite,
growth restriction), lack of certainty around potential longterm risks, reappearance of symptoms after discontinuation of
treatment, and non-response to medication have motivated the
search for non-invasive, long-term treatments that can be provided
without negative consequences (Graham 2011; Heinrich 2007;
Jensen 2007; Murray 2008).
Technical advances have led to the development of EEG
neurofeedback as a possible non-pharmacological mode of
intervention that can be used to help train, prevent or
remediate participants' cognitive impairment at the source. EEG
neurofeedback is commonly conceptualised as computerised,
game-based training of awareness or control of cognitive state that
can be achieved by providing participants with real-time feedback
on their own brain states (Figure 1). It is thought that participants
can learn to modify or control targeted brain-state activity, inducing
neural plasticity, which leads to improved self-regulation in daily
activities (Enriquez-Geppert 2017; Orndorff-Plunkett 2017).
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Figure 1. Neurofeedback intervention loop. This figure, which we adopted with permission (Landes 2017 [pers comm]
Le van Quyen 2017 [pers comm]) from Bagdasaryan and Ie Van Quyen, depicts a simplified overview of
neurofeedback that is delivered via electroencephalography (EEG) (Bagdasaryan 2013). During the neurofeedback
session, the individual’s brain signal is acquired through the EEG equipment (A, B). The software processes the
incoming brain signal and provides information about the degree of alignment between the participant’s real-time
brain activity and predetermined training goal parameters (C, D). This information is presented to the participant as
visual or auditory feedback in real time, to continuously update the participant about modulation of his or her own
brain activity (E; Bagdasaryan 2013; Huster 2014).

EEG neurofeedback is not dependent on complex verbal
instructions; therefore, this type of brain-training intervention
can be effectively implemented cross-culturally and in groups
with language and communication impairment. It is designed
to be embedded in a game format, which offers face validity
as a treatment for children. Currently, neither implementation
of this approach in the community nor training of healthcare
providers is monitored by an accredited organising body. Instead,
implementation of EEG neurofeedback is based on the personal
preferences of providers and consumers, which makes a systematic
review of the evidence base for this treatment a critical task.
EEG neurofeedback training comprises a range of elements.
A fundamental technical component of this intervention i s
the technology that is used to monitor the degree of
alignment between the participant’s brain activity and the
pre-set goal parameter. Various brain-imaging techniques have
been utilised for the intervention, such as near-infrared
spectroscopy ( NIRS), functional magnetic resonance imaging

(fMRI), and electroencephalography (EEG) (Egner 2001; Marx 2015;
Scharnowski 2015). Experimental research to appraise various
brain-imaging techniques is ongoing; however, to date, no one
technique has been identified as the superior method for obtaining
neurofeedback, nor is compelling evidence available to support
the use of one technique over another. Therefore, we argue
that a measure that can capture the most refined changes (e.g.
in milliseconds rather than seconds) is preferable. This kind of
measure can enhance the accuracy with which we capture changes
in brain activity, such as those required in a microanalysis of
learning (Sauseng 2008). Given that EEG offers the highest temporal
resolution of all known techniques, EEG is the most favourable
technology for this purpose. Additionally, EEG is less costly and
used more widely than alternatives (Figure 2). Its use is also more
feasible than techniques such as fMRI when healthcare providers
are working with children, as the experience of being inside an
MRI machine can be unsettling and may disrupt optimal task
completion.
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Figure 2. Publication rates between 2006 and 2016 of journal articles examining EEG-, fMRI-, and NIRSneurofeedback, as indexed by Scopus. Footnotes EEG: electroencephalogram; fMRI: functional magnetic resonance imaging;
NIRS: near-infrared spectroscopy.

EEG is a non-invasive method that is used to measure the brain's
electrical activity along the scalp via sensors or electrodes. During
setup of EEG neurofeedback, these electrodes are placed on the
participant's head, and training goal parameters define features
of the EEG signal that are to be trained (i.e. EEG frequency); the
number of electrodes; the placement location of electrodes on
the scalp; and the number, duration, and frequency of sessions.
For example, to decrease theta/alpha activity and increase beta
activity, one electrode at Cz for 12 sessions overall, split into three ×
45-minute sessions per week; to increase sensorimotor rhythm and
suppress theta activity, individualised training at, for example, C3
and C4, for 30 sessions overall, split into two × 20-minute sessions
per week; and to increase sensorimotor rhythm and suppress theta
activity, electrode placement at C4 for 40 sessions overall, split into
20 meetings of two × 60-minute sessions each with a short break in
between (Arnold 2013; Lansbergen 2011; Perreau-Linck 2010).
Once EEG neurofeedback equipment is set up, the participant’s
neural variability is recorded and analysed in real time, and the
degree of alignment between set parameters and the person’s
neural activity is communicated in the form of visual or auditory
feedback. Visual feedback may consist of a blurry picture of an

animated character. Only when the participant’s ongoing neural
variability matches goal parameters would the picture become
clear. Alternative visual feedback may be received in the form of
virtual reality tasks, animated games, waveforms, or graphs (e.g.
Linden 1996). Auditory feedback may comprise tones that change
in volume, pitch, or duration as recorded activity fluctuates (Egner
2002).
The elaborate setup of the intervention poses interesting
challenges for comparison or control groups in EEG neurofeedback
research. Because the technology is integral to EEG neurofeedback,
the most rigorous and only form of placebo for which blinding
is possible is sham EEG neurofeedback. During sham EEG
neurofeedback, the participant receives feedback unrelated to his
or her own performance but based on pre-recorded or artificial
EEG activity. Apart from the technical elements that make it
challenging to find a placebo or carry out blinding, participants
unsuccessfully attempt to learn to modulate their (fictitious)
neural activity, often resulting in poor compliance or frustration.
Therefore, rather than subjecting participants to a blinding trial,
EEG neurofeedback research frequently implements alternative
comparators such as conventional therapeutic treatments (e.g.
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behavioural management interventions) and wait-list controls by
which participants wait for their active treatment intervention
(Sonuga-Barke 2013).

the future. Currently, the mechanisms that underpin this learning
process have not been fully illuminated. However, principles of
neuroplasticity may provide further clues to the causal pathway.

There is uncertainty in the literature as to the measurement of
EEG neurofeedback, as well as the possible influence of factors
such as the technology, target frequency, electrode location,
feedback type, number of sessions and session d u r a t i o n o n
the efficacy of the intervention. Each of these intervention
components forms a critical part of the intervention. In theory,
any changes in the composition o f t h e s e parts can influence
the efficacy of EEG neurofeedback and may constitute distinct
therapeutic approaches. In the absence of an evidence base for
EEG neurofeedback, clinical practice currently operates on the
basis of literature that has produced favourable EEG neurofeedback
outcomes in the past (e.g. Arnold 2013; Lubar 1995a). Each
component needs further research to explore its influence
on the intervention process. With a growing number of EEG
neurofeedback studies and approaches, it is not clear which
frequency, electrode location, number of sessions, technology,
or feedback type provides the best EEG neurofeedback therapy
for children with executive functioning problems. As a starting
point, we looked at the current literature and investigated
the fundamental effectiveness of EEG neurofeedback for two
subfunctions of executive functioning.

Neuroplasticity is another mechanism believed to underlie
neurofeedback effects. The term neuroplasticity describes the
ability of the brain to grow neurons and to alter neural connections
in response to experiences (Siegel 2010). Imaging studies have
indicated, for example, how training in activities such as music,
exercise, or meditation can have a lasting impact on brain structure
or function, or both (Vance 2010; Zatorre 2013). This finding
highlights the fact that repeated, activity-dependent experiences
can have a lasting impact on the brain (Ganguly 2013). Converging
evidence suggests that reinforcing a particular oscillatory pattern
through EEG neurofeedback training increases the likelihood that
the same pattern will be reproduced more easily in the future
(Lubar 1995b; Ros 2010). For the beta rhythm, for example, this
effect is robust enough to be detected up to three years after
EEG neurofeedback training (Engelbregt 2016). This supports the
fundamental premise of EEG neurofeedback, which states that the
brain can be conditioned to exhibit certain oscillatory patterns.

How the intervention might work
Traditionally, researchers have conceptualised the neurofeedback
loop as a learning process, which follows behavioural learning
mechanisms of operant conditioning. Operant conditioning studies
(e.g. schedules of reinforcement) have shown that targeted
participant behaviour can be regulated by providing positive
reinforcement immediately after the targeted behaviour occurs
(Ferster 1957). It is of great importance that the relationship
between the behaviour and the reinforcement is clear to the
learner. As such, the timing of presentation of the reinforcer is
crucial, as even small delays (as little as a second) can decrease
the strength of the association between the reinforcer and the
target behaviour that is to be reinforced (Skinner 1958). Use of EEG
in the neurofeedback paradigm has enabled researchers to seek
more immediate and more secure associations via measurable
aspects of behaviours and reinforcers, such as by targeting the
specific oscillations that underlie clinical symptoms like impulsivity
or hyperactivity as the independent variable (Gevensleben 2012).
It is therefore conceivable that the capacity for EEG neurofeedback
to provide subsecond feedback may make it especially efficient
as an approach to behaviour modification and brain plasticity,
compared with mental regulation unassisted by feedback (Bai
2014; Beatty 1974). Nevertheless, it should be noted that this
potential advantage of high temporal resolution of EEG over other
neurofeedback techniques has not been demonstrated.
Progressive technology has enabled researchers to better describe
EEG neurofeedback mechanisms from a biological viewpoint. As
mentioned earlier, during EEG neurofeedback, the participant is
provided with feedback about differences between their actual
neural activity and predetermined target parameters. In theory,
through this feedback, the participant can learn to modulate brain
activity towards the target parameter. Fundamental to this step is
the idea that, during training, the participant learns to associate
the specific neural or behavioural state occurring at the time of
the reward, which facilitates reproduction of this same pattern in

Theoretically, neuroplasticity might be explained by a combination
of previously established plasticity mechanisms, such as
associative and homeostatic forms (Ros 2014). The principle of
associative (i.e. Hebbian) plasticity suggests that neuron cells that
fire together, wire together and neuron cells that fire apart, wire
apart (Knoblauch 2012). Neurophysiological evidence indicates
that the amplitude of EEG oscillations is augmented by the number
of neurons (or synaptic potentials) (Musall 2014). Therefore, with
repeated training, the connections between neuron populations
that are amplified or synchronised to create a particular oscillatory
pattern would strengthen, facilitating generation of this pattern in
the future. Common to all of these theories is the hypothesis that
modification of neural circuitry is possible and is likely to result in
observable behavioural changes.
At a more technical level, during EEG neurofeedback, electrodes
that are placed on the scalp measure the synchronised, rhythmical
fluctuations of local field potentials of groups of neurons, also
known as neural oscillations. These oscillations arise from the
excitatory postsynaptic potentials of large groups of neurons,
resulting in a measurable EEG signal at scalp level (Nunez 2000).
Synchronised oscillatory activities are associated with cognitive
abilities such as inhibition, updating of working memory and
temporary maintenance of information in working memory, which
suggests that neural oscillations are a fundamental functional
mechanism in cortical computation (Deiber 2007; Klimesch 2006;
Sauseng 2010).

Why it is important to do this review
Executive functions play a critical role in everyday life. Performance
of complex tasks, academic achievement, and later success in
life are mediated by the development of executive functioning
(Garavan 1999; Miyake 2000; St. Clair-Thompson 2006). EEG
neurofeedback treatment provides hope for prevention and
remediation of difficulties in the area of executive functioning
for children with neurodevelopmental disorders. New EEG
neurofeedback protocols are continuously being tested to
determine what most effectively reduces or remediates executive
functioning difficulties, such as inhibition and updating of
working memory (e.g. Kouijzer 2009), in neurodevelopmental
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disorders. However, commercial use of EEG neurofeedback is
currently outpacing the evidence base. The economic cost of this
intervention is high for parents, but patient need for treatment is
also high. A history of poorly researched interventions for children
(e.g. studies by Bishop 2007 and Stephenson 2008) has encouraged
the profession to take greater accountability in establishing the
effectiveness of new treatments as a matter of priority and
professional ethics. Use of EEG neurofeedback as an intervention
for children with neurodevelopmental problems has reached such
a critical juncture. It is imperative that the evidence base for these
interventions is now put to the test.
This systematic review is the first to thoroughly examine RCTs on
the effectiveness of EEG neurofeedback for inhibition and updating
of working memory, in childhood developmental disorders, and
therefore represents a unique contribution to the EEG literature.
This review is preliminary to any further investigations of the costeffectiveness or feasibility of EEG neurofeedback intervention. If
the effectiveness of EEG neurofeedback is supported by this review,
it is conceivable that additional research can be conducted to
identify its applicability to other mental health conditions or age
groups.

OBJECTIVES
To assess the effectiveness of EEG neurofeedback as treatment for
inhibition and updating of working memory problems in children
with neurodevelopmental disorders.

METHODS
Criteria for considering studies for this review
Types of studies
Randomised controlled trials (RCTs) (i.e. random allocation of
participants to treatment, control, or follow-up groups). See
Differences between protocol and review.
Types of participants
Children or adolescents, or both, aged 6 to 18 years with
executive functioning difficulties in the domains of inhibition,
updating of working memory. We identified participants with
executive functioning difficulties via the clinical diagnosis of a
neurodevelopmental disorder such as ASD, ADHD, intellectual
disabilities, Down syndrome, FAS disorder and fragile X syndrome,
as specified by the DSM-IV-TR (APA 2000), DSM-5 (APA 2013), or
ICD-10 (WHO 1993).

Excluded participants
We excluded participants with severe brain damage, epilepsy,
Tourette syndrome, or any condition in which the focus of
neurofeedback intervention was to remediate damage, seizures, or
tics. See Differences between protocol and review.
We included studies that examined participants with
neurodevelopmental challenges and other mental health
problems, as long as data provided for participants with
neurodevelopmental challenges could be considered separately.
Types of interventions
EEG neurofeedback (also referred to as EEG biofeedback),
regardless of protocol (target frequency), feedback type (visual

versus aural), and session number and duration, used as treatment
for improving levels of inhibition and updating (or both) in children
with neurodevelopmental challenges. See Differences between
protocol and review.
Control groups included sham feedback (i.e. a placebo set up
of EEG neurofeedback, whereby the feedback to participants
is unrelated to the participants' neural activity at the time of
intervention administration), treatment as usual (e.g. behavioural
management intervention), and wait-list control (see Description of
the intervention).
Types of outcome measures

Primary outcomes
1. Participant EEG profile ratings at post-assessment (e.g. eventrelated potential (ERP; Luck 2014); specifically, N2 for inhibition
and P3 for updating of working memory; Brydges 2014b;
Donchin 1988; Polich 2007).
2. Inhibition at post-assessment (e.g. Stroop Color and Word Test:
Children's Version; Golden 2002), and updating of working
memory at post-assessment (e.g. Rey Auditory Verbal Learning
Test; Schmidt 1996).
3. Adverse effect ratings at post-assessment (e.g. Pittsburgh Side
Effects Rating Scale; Pelham 1999).

Secondary outcomes
1. Rated behavioural markers at post-assessment (e.g.
hyperactivity and impulsivity, assessed by self-report measures
such as Conners-3; Conners 2011).

Search methods for identification of studies
Electronic searches
We searched the electronic databases and trials registers listed
below in September 2017, and did not limit our searches by
language, date, or publication type. We re-ran the searches in
September 2018, apart from DARE, which stopped adding new
records in 2015.
1. Cochrane Central Register of Controlled Trials (CENTRAL;
2018, Issue 1) in the Cochrane Library, which includes the
Cochrane Developmental, Psychosocial and Learning Problems
Specialised Register (searched 5 September 2018) .
2. MEDLINE Ovid (1946 to August Week 4 2018).
3. MEDLINE In-Process and Other Non-Indexed Citations Ovid
(searched 5 September 2018).
4. MEDLINE Epub Ahead of Print Ovid (searched 5 September
2018).
5. Embase Ovid (1974 to 2018 September 4).
6. CINAHL Plus EBSCOhost (Cumulative Index to Nursing and Allied
Health Literature; 1937 to 5 September 2018).
7. PsycINFO Ovid (1806 to August Week 4 2018).
8. Science Citation Index - Expanded Web of Science (SCIEXPANDED; 1970 to 4 September 2018).
9. Social Sciences Citation Index Web of Science (SSCI; 1970 to 4
September 2018).
10.Conference Proceedings Citation Index - Science Web of Science
(CPCI-S; 1990 to 4 September 2018).
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11.Conference Proceedings Citation Index - Social Science &
Humanities Web of Science (CPCI-SS&H; 1990 to 4 September
2018).
12.Cochrane Database of Systematic Reviews (CDSR; 2018, Issue 8),
part of the Cochrane Library (searched 5 September 2018).
13.Database of Abstracts of Reviews of Effects (DARE; 2015, Issue 2.
Final issue), part of the Cochrane Library (searched 6 September
2017).
14.Epistemonikos
(www.epistemonikos.org/nl/advanced_search;
searched 5 September 2018).
15.WorldCat OCLC (www.worldcat.org/default.jsp; searched 5
September 2018).
16.ClinicalTrials.gov (www.clinicaltrials.gov; searched 5 September
2018).
17.World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP; apps.who.int/trialsearch; searched 5
September 2018).
Search strategies for each source are reported in Appendix 1
Searching other resources

Grey literature
We searched the websites listed below for unpublished studies in
this field.
1. The Association
for
Applied
Psychophysiology
and
Biofeedback,
Inc
(www.aapb.org/i4a/pages/index.cfm?
pageID=3404; searched 1 September 2018).
2. The Biofeedback Federation of Europe (bfe.org/new; searched 1
September 2018).
3. EEG
Spectrum
International
(www.eegspectrum.com/
applications/adhdadd; searched 1 September 2018).
4. International Society for Neurofeedback and Research
(www.isnr.org/isnr-comprehensive-bibliography; searched 1
September 2018).
5. Applied
Neuroscience
Society
of
Australasia
(www.appliedneuroscience.org.au/page-570462; searched 1
September 2018).

Reference lists
We searched the reference lists of all included studies in this review
for additional relevant studies that met our inclusion criteria (see
Criteria for considering studies for this review).

Data collection and analysis
Table 1 presents the methods that we had planned to use, as per
our published protocol (Landes 2017), but could not use due to,
for example, a lack of data. We may use these methods in future
updates of this review.
Selection of studies
Two review authors (JL and NB, SB, SR or BG) individually examined
the titles and abstracts of records. Review authors assessed all
records against the inclusion criteria of this review (Criteria for
considering studies for this review). For studies that met the
inclusion criteria, or for which more information was needed to
assess eligibility, we obtained the full-text reports. Two review
authors (JL and NB, SB, SR or BG) separately reassessed these

studies against the inclusion criteria. For full-text reports that
were not written in the English language, or for data that were
not available in the article, we contacted the study authors for
further information. JL and NB, SB, SR or BG recorded the reasons
for inclusion or exclusion of all studies separately and discussed
discrepancies between views. JL and NB, SB, SR or BG resolved all
conflicts via discussion, without referral to others in the research
team. We pilot tested the application of the eligibility criteria
prior to selecting any studies for inclusion. Finally, for maximum
transparency during this selection process, we completed a PRISMA
flow diagram (see Liberati 2009).
Data extraction and management
Two review authors (JL, and NB, SB, SR or BG) independently
extracted and entered the following data from each study
onto an electronic spreadsheet specifically designed for this
Cochrane Review (i.e. Covidence 2017): participant details
(age, gender, executive function problems); intervention details
(number of sessions, session duration, follow-up, electrode
location(s), frequency parameter, aural or visual feedback
mode); study location; type of study (RCT, parallel groups
or alternative structures); intervention procedures (treatment
allocation, blinding); type of control group (sham feedback,
treatment as usual, wait-list control); and outcome measure data.
We pilot tested the application of the spreadsheet categories before
extracting any data. JL and NB, SB, SR or BG resolved all conflicts in
data extraction via discussions.
Assessment of risk of bias in included studies
Two review authors (JL and NB, SB, SR or BG) independently
assessed the risk of bias in each included study, using the Cochrane
'Risk of bias' tool (Higgins 2017). JL and NB, SB, SR or BG
assessed the included studies as having low, high, or unclear
risk of bias in relation to each of the following 'Risk of bias'
domains, using the criteria set out in Appendix 2: sequence
generation and allocation concealment (selection bias), blinding
of participants and personnel (performance bias), blinding of
outcome assessment (detection bias), incomplete outcome data
(attrition bias), selective reporting (outcome reporting bias), and
one other bias (allegiance bias). JL and NB, SB, SR or BG recorded
each rating separately and discussed discrepancies between views
until resolved.
The domains described in Appendix 2 formed the 'Risk of bias'
assessments for RCTs. We implemented this ‘Risk of bias’ tool,
as expected by Cochrane (see Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2017).
Measures of treatment effect

Continuous data
We presented the mean difference (MD) and standardised mean
difference (SMD) with 95% confidence intervals (CI). We presented
the MD when an outcome was assessed via the same modes of
data collection (i.e. same scales, same scoring methods, or only
one available result). We presented the SMD when an outcome was
assessed via different modes of data collection (i.e. different scales,
various scoring methods). We considered an SMD of 0.2 to be a small
effect magnitude, 0.5 a medium effect size and 0.8 a large effect size
(Faraone 2008).
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Dichotomous data

Dealing with missing data

No data were dichotomous. Therefore, we did not compute the
proposed summary statistics in this review (see Table 1 or Landes
2017).

We contacted study authors to retrieve data that was not presented
in the full-text reports, and in a way that could be meta-analysed.
Where authors did not respond, or provide data for missing
summary statistics (e.g. means or standard deviations, or both),
we based our calculations on other reported outcomes (where
possible). In the notes section of each table, we highlight what data
are missing.

Unit of analysis issues
We did not encounter any unit of analysis issues that arise from
cluster-randomised trials in this review (see Table 1 or Landes
2017). However, we encountered unit of analysis issues that
pertained to cross-over trials, studies with multiple interventions,
and multiple reports.

Cross-over trials
For cross-over trials (or where participants chose booster sessions
of the opposite intervention), we used data from the first period
only. There is a lack of information concerning the time taken for
any intervention effects to fade or 'wash out'. Considering the first
phase only, therefore, eliminated a possible carry-over effect.

Studies with multiple interventions
We included multiple interventions as long as the main
intervention met this review's inclusion criteria. We present mean
and standard deviations of this pair in the Data and analyses tables.

Multiple reports
For multiple reports of the same study in different publications,
we took extra care to include the findings only once. Where it was
unclear whether reports included presentations of the same data,
we contacted the report authors for clarification.

Multiple groups from one study
We encountered the following three issues of 'multiple data groups
from one study' (Higgins 2019b): i) Multiple time-points of the same
study (post-test, follow-up), ii) Multiple experimental or control
groups in one study, and iii) Multiple outcome measures for the
same domain and from the same study. To address these scenarios,
we picked the (i) one time point, (ii) one intervention group, or
(iii) one outcome measure that was most frequent to this review,
and excluded the remaining time points, intervention groups, or
outcome measures from analysis. We presented the mean and
standard deviations for the selected pair in the Data and analyses
tables.
Where a study had one experimental and two control groups for
example, we picked the most common control group to this review.
Where a study presented multiple outcome measures for the same
domain, we implemented the following hierarchy to select one
outcome per domain: we prioritised data from the study's primary
outcome measure. If a primary outcome measure was not available
or specified, we included the outcome that was most common to
this review. In case the data for the outcome measure that was most
common to the review was not available, we included the data that
was available.
This selection process was carried out blinded to the statistical
results. A full list of the outcome measures that met our inclusion
criteria were described in the Characteristics of included studies
tables.

Assessment of heterogeneity
We assessed clinical and methodological heterogeneity by
comparing the effects of distribution of key participant traits (e.g.
distribution of sex and age), EEG neurofeedback protocol factors
(e.g. target frequency and electrode location), and study design
factors (e.g. randomisation and outcome measures) on the efficacy
of the intervention. We did not assess heterogeneity via forest plots
or subgroup analyses, as planned in this review (see Table 1 or
Landes 2017), as we yielded less than 10 studies per outcome.
However, we examined statistical heterogeneity via the I2 statistic
and Chi2 test. We interpreted an I2 value of 0% to 40% as low
heterogeneity, 30% to 60% as moderate heterogeneity, 50% to 90%
as substantial heterogeneity, and 75% to 100% as considerable
heterogeneity (Deeks 2011). Although an I2 of 50% is a reasonable
indication of heterogeneity, substantial heterogeneity was clearly
exemplified by an I2 of 65% (Section 9.5.2; Deeks 2011). The P
value for the Chi2 test needed to be less than 0.10 to indicate
significant heterogeneity. To account for substantial heterogenety,
we implemented a random-effects model and assigned a two-point
rating for the inconsistency component of the GRADE. We employed
the Tau2 statistic as a measure of between-study variability.
Assessment of reporting biases
As we included less than 10 studies, we did not conduct any funnel
plots as proposed (see Table 1 or Landes 2017).
Data synthesis
We included all studies that met our inclusion criteria. As planned
for this review (see Landes 2017), we synthesised the outcome data
through Review Manager 5 (RevMan 5) (Review Manager 2014), and
in line with recommendations outlined in Chapter 9 of the Cochrane
Handbook for Systematic Reviews of Interventions (Deeks 2011). We
used the inverse variance method, and a random-effects model.
We applied a random-effects model, because we had considered
the likelihood of heterogeneity in our data as high (e.g. data from
varying EEG neurofeedback protocols, participants with different
disorders and from different study designs). Some data were drawn
from one study only. This is insufficient to perform a statistical
meta-analysis. We, therefore, provide a narrative summary of these
results.
'Summary of findings'
We created a 'Summary of findings’ table using a combination
of Review Manager 5 (Review Manager 2014) and GRADEpro GDT
(GRADEpro GDT 2015) for the comparison of EEG neurofeedback
versus control interventions for executive functioning performance
in children with neurodevelopmental disorders.
In the summary of findings tables, we included the following
outcomes, assessed at postintervention: participant EEG profiles
measured by mean ERP amplitude (N2, P3), inhibition, updating
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of working memory, adverse effects, and rated behavioural
markers for global ADHD symptoms, global ASD symptoms,
and hyperactivity-impulsivity. These post-assessment scores were
collected at three to 20 weeks post-intervention. We additionally
reported the number of participants per experimental or control
group. We reported the number of studies per outcome, and a
rating of the quality of evidence based on GRADE criteria derived
using GRADEpro (GRADEpro GDT 2015; Guyatt 2006; Schünemann
2006).
Two review authors (JL and BG) independently extracted the
outcome data, and rated the quality of this evidence as one of four
levels (high, moderate, low, or very low). Both review authors made
notes to guide their judgements. The two authors resolved any
disputes in GRADE ratings via discussion.
Subgroup analysis and investigation of heterogeneity
An insufficient number of studies were available to conduct
subgroup analyses and to investigate heterogeneity, as originally
planned in this review (see Table 1 or Landes 2017).
Sensitivity analysis
We did not find a sufficient number of studies to undertake
sensitivity analysis, as planned in this review (see Table 1 or Landes
2017).

RESULTS
Description of studies
Results of the search
We searched the literature in September 2017, in September 2018
and again, in April 2020. In total, we identified 3154 records,
of which we retrieved 43 in full text for further investigation.
We excluded five reports. We classed two reports as studies
awaiting classification, four reports as ongoing and included 32
reports (Criteria for considering studies for this review). The 32
reports were from 21 studies. Of those 21 studies, we extracted
data from 18 studies (Arnold 2013; Bazanova 2018; Beauregard
2006; Dobrakowski 2020; Duric 2012; Geladé 2016; Heinrich 2004;
Johnstone 2017; Kouijzer 2010; Kouijzer 2013; Lee 2017; Liao 2015;
Meisel 2013; Moreno-Garcia 2015; Rajabi 2019; Shereena 2018;
Sudnawa 2018; Van Dongen-Boomsma 2013). We did not extract
data from three included studies for reasons outlined below in
the Included studies section Christiansen 2014; DeBeus 2011; Lim
2019). This overall search progression has been summarised in a
PRISMA study flow diagram in Figure 3.
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Figure 3. PRISMA flow diagram.
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Included studies
See Characteristics of included studies tables for further details on
all studies that met the inclusion criteria.
In total, we contacted the corresponding authors of 17 studies.
From the corresponding authors of 15 included studies, we
requested unpublished data (Arnold 2013; Bazanova 2018;
Beauregard 2006; Christiansen 2014; DeBeus 2011; Dobrakowski
2020; Geladé 2016; Johnstone 2017; Kouijzer 2010; Kouijzer 2013;
Lim 2019; Moreno-Garcia 2015, and Shereena 2018), further
information (Arnold 2013; Bazanova 2018; Beauregard 2006;
Christiansen 2014; Kouijzer 2010; Kouijzer 2013; Lee 2017; Lim 2019;
Meisel 2013; Shereena 2018), or an English translation of a full-text
paper (Liao 2015). From the authors of two studies that are awaiting
classification, we requested a full-text paper (DeBeus 2004), or an
English translation of a full-text paper (Zhang 2006).
The authors of 11 included studies responded with unpublished
data (Arnold 2013; Bazanova 2018; Geladé 2016; Johnstone 2017;
Kouijzer 2010; Kouijzer 2013; Moreno-Garcia 2015; Shereena 2018),
provided further details (Beauregard 2006; Christiansen 2014;
Kouijzer 2010; Kouijzer 2013), or a full-text paper (Liao 2015).
We are currently awaiting a response from the corresponding
authors of nine included studies for unpublished data (Arnold 2013;
Beauregard 2006; Christiansen 2014; DeBeus 2011; Dobrakowski
2020; Johnstone 2017; Lim 2019), for further information (Arnold
2013; Lee 2017), and two studies awaiting classification for a fulltext paper (DeBeus 2004) and an English translation of a full-text
paper (Zhang 2006).

Study design
Nineteen studies employed a RCT design with parallel
control groups: Arnold 2013; Bazanova 2018; Beauregard 2006;
Christiansen 2014; Dobrakowski 2020; Duric 2012; Geladé 2016;
Heinrich 2004; Johnstone 2017; Kouijzer 2010; Kouijzer 2013; Lee
2017; Liao 2015; Meisel 2013; Moreno-Garcia 2015; Rajabi 2019;
Shereena 2018; Sudnawa 2018; Van Dongen-Boomsma 2013). Two
studies employed a RCT design with cross-over control groups
(DeBeus 2011; Lim 2019).

Location
Four studies were conducted in The Netherlands (Geladé 2016;
Kouijzer 2010; Kouijzer 2013; Van Dongen-Boomsma 2013). Two
studies were conducted in Spain (Meisel 2013; Moreno-Garcia
2015), USA (Arnold 2013; DeBeus 2011), and Germany (Christiansen
2014; Heinrich 2004). One study apiece was conducted in Canada
(Beauregard 2006), Australia (Johnstone 2017), Korea (Lee 2017),
Singapore (Lim 2019), Iran (Rajabi 2019), India (Shereena 2018),
Poland (Dobrakowski 2020), Taiwan (Liao 2015), Norway (Duric
2012), Russia (Bazanova 2018) and Thailand (Sudnawa 2018).

Funding
The 16 studies received funding from:
1. government sources, or agencies, and hospitals (Arnold 2013:
National Institute of Mental Health Award R34 MH080775 and
Award UL1RR025755 from the National Center for Research
Resources (The Ohio State University Center for Clinical and
Translational Science); Liao 2015: National Science Accounting;
Lim 2019: National Medical Reserach Council of Singapore;

Meisel 2013: The Spanish State Department of Science and
Innovation (Plan Nacional I+D+I/PSI2008-06008-C0201), the
Government of Illes Balears and the Social European Fund
(FPI10X-6594122-E); Moreno-Garcia 2015: Plan Nacional i+d+i
(National Research, Development and Innovation Program)
(PSI2008-06008-C02-01); Shereena 2018: National Institute of
Mental Health ad Neuro Sciences);
2. non-profit organisations (Beauregard 2006: Fondation Lucie et
Andre and the International Society for Neuronal Regulation
(ISNR); DeBeus 2011: Virginia Commonwealth Health Research
Board in Richmond, Virginia; and Riverside Healthcare
Foundation in Newport News, Virginia; Duric 2012: Solveig and
Johan P Sommers Foundation and National Competency Centre
for ADHD in Norway, University of Bergen, Centre for Child
and Adolescent Mental Health; Geladé 2016: The Netherlands
Organization for Health Research and Development (ZonMw):
157 003 012; Kouijzer 2013: Fonds NutsOhra);
3. academic publishing groups (Heinrich 2004: Hogrefe Verlag,
Goettingen and several International Service Clubs from the
Goettingen area); and
4. university-based grants, university grants alongside partnership
organisations, and science-based programs (Johnstone 2017:
This study was funded by a University of Wollongong
University Research Committee Research Partnerships Grant
with Neurocognitive Solutions Pty Ltd. as the partner
organisation (F-APP-1.115); Lee 2017: Research promoting
grant from the Keimyung University Dongsan Medical Center,
Korea Brain Research Institute (basic research program Grant
No. 2231-415); Rajabi 2019: Persian Gulf research grant; Van
Dongen-Boomsma 2013: Smartmix (Netherlands Organization
for Scientific Research (NW)).
The funding source for two studies is unclear (Christiansen 2014;
Sudnawa 2018), and three studies were not funded (Bazanova 2018;
Dobrakowski 2020; Kouijzer 2010).

Participants
The 21 studies included 1018 participants with a mean age range
of seven to 15 years, and who had been clinically diagnosed with
ADHD (i.e. via DSM-IV (APA 1994), DSM-IV-TR (APA 2000), DSM-5
(APA 2013), or ICD-10 (WHO 1993) criteria, the ADHD-Rating Scale
(DuPaul 1998), or an unclear method of diagnosis in Sudnawa 2018)
or ASD (i.e. via DSM-IV (APA 1994) or DSM-IV-TR (APA 2000)). All
studies (except Bazanova 2018; Duric 2012; Meisel 2013) used the
presence of neurological disorders (e.g. epilepsy) or other medical
situations (e.g. medical illness, cardiovascular disease, significant
psychological or psychiatric disorder, major depressive disorders,
obsessive-compulsive disorder, somatic disorders) as an exclusion
criteria. One study included comorbidities, whereby the
sample's most common comorbid disorder was oppositional
defiant disorder (Christiansen 2014).
Six studies excluded comorbid disorders, but permitted
oppositional defiant disorder (Meisel 2013), oppositional defiant
disorder and dyslexia (Heinrich 2004), oppositional defiant
disorder and anxiety disorders (Lee 2017; Van Dongen-Boomsma
2013), oppositional defiant disorder, depression, and anxiety
disorder (Rajabi 2019), and conduct disorder, specific learning
disability, and emotional disorders (Shereena 2018).
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Seven studies excluded Axis I psychiatric diagnoses such as
learning disability (e.g. dyslexia or dyscalculia) (Beauregard
2006), comorbid neurological disorders that are treated with
psychoactive medication (Arnold 2013), intellectual disability,
chronic somatic diseases, and comorbid psychiatric diagnoses
(e.g. depression, restlessness, anxiety, psychosis) (Dobrakowski
2020); retardation (Duric 2012); intellectual disability (Lim 2019),
intellectual disability, conduct disorder, anxiety disorder, and
depressive disorder (Sudnawa 2018), or mood disorders, anxiety
disorders, and psychotic disorder (DeBeus 2011).
Four studies excluded participants with comorbidities (Bazanova
2018; Kouijzer 2010; Kouijzer 2013; Moreno-Garcia 2015).
Across all studies, participants were drug-naive (Moreno-Garcia
2015), continued to take medication (Johnstone 2017; Kouijzer
2013; Lee 2017; Liao 2015), continued to take stimulant medication
at the same dosage (Heinrich 2004), were permitted to take
medication (this was not monitored during the study) (Shereena
2018), were stimulant free for at least one month prior to study
entry (Geladé 2016; Lim 2019), did not take any medication during
the assessments (Arnold 2013; Beauregard 2006; Christiansen 2014;
DeBeus 2011; Kouijzer 2010; Meisel 2013), were excluded if they
took meditation for a reason other than to manage ADHD (Rajabi
2019) or atomoxetine or psychostimulants (Van Dongen-Boomsma
2013), were excluded or not considered for the study for longterm pharmacological intervention (Dobrakowski 2020). Bazanova
2018, Duric 2012 and Sudnawa 2018 did not address the samples'
medication status at the time of study entry.

Interventions
Experimental group interventions

Participants in the 21 included studies
received
EEG
neurofeedback. The total number of EEG neurofeedback training
sessions ranged from 10 sessions (Bazanova 2018; Liao 2015) to 40
sessions (Arnold 2013, Kouijzer 2010, Kouijzer 2013, Meisel 2013;
Shereena 2018); there were 10 to 12 sessions (Dobrakowski 2020),
20 sessions in Beauregard 2006, DeBeus 2011, and Lee 2017, 24
training sessions (Lim 2019), 25 training sessions in Heinrich 2004
and Johnstone 2017, 29 in Geladé 2016 and 30 in Christiansen
2014, Duric 2012, Moreno-Garcia 2015, Rajabi 2019, Sudnawa 2018
and Van Dongen-Boomsma 2013. The session frequency varied
between a minimum of one (Liao 2015), or one to two sessions
per week (Dobrakowski 2020) and to two (DeBeus 2011, Kouijzer
2010; Kouijzer 2013; Meisel 2013; Lee 2017; Van Dongen-Boomsma
2013), or two to three training sessions per week (Arnold 2013), and
a maximum of two training sessions per day (Heinrich 2004); there
were three sessions per week in Beauregard 2006, Christiansen
2014, Duric 2012, Lim 2019, Geladé 2016, and Rajabi 2019, four
sessions per week in Moreno-Garcia 2015, two to four session
per week in Sudnawa 2018, three to four sessions per week in
Johnstone 2017 and Shereena 2018, and four to five sessions per
week in Bazanova 2018. The duration of each training session
ranged from 16 minutes (Bazanova 2018) to 60 minutes (Beauregard
2006, Lee 2017). Training sessions lasted 20 minutes (Lim 2019;
Johnstone 2017) and 24 minutes (Moreno-Garcia 2015), 30 minutes
(DeBeus 2011; Sudnawa 2018) and 35 minutes (Meisel 2013). The
sessions also lasted 40 minutes in Duric 2012, 45 minutes in Arnold
2013, Dobrakowski 2020, Kouijzer 2010, Kouijzer 2013, Geladé
2016, Rajabi 2019, and Van Dongen-Boomsma 2013, 50 minutes in
Christiansen 2014 and Heinrich 2004, and 120 minutes in Liao 2015.
In Shereena 2018, the first 20 sessions were 20 minutes long, and

the second 20 sessions were 40 minutes long.
The goal parameters of training were to inhibit or reinforce
frequency bands, or frequency ratios, that is, to inhibit theta
and reinforce beta (Duric 2012; Geladé 2016; Shereena 2018;
Sudnawa 2018), inhibit theta (Kouijzer 2010; Kouijzer 2013), inhibit
theta and reinforce sensorimotor rhythm and low beta (Van
Dongen-Boomsma 2013), inhibit theta and high beta and reinforce
sensorimotor rhythm or beta (Lee 2017; Rajabi 2019), inhibit theta
and alpha, and reinforce beta (DeBeus 2011), inhibit theta and
beta2 and reinforce beta1 and low beta (Dobrakowski 2020), inhibit
theta/alpha ratio and increase beta including sensorimotor rhythm
(Arnold 2013), inhibit theta/beta ratio (Bazanova 2018), "theta/
beta" (Meisel 2013; Moreno-Garcia 2015), or inhibit theta and theta/
beta ratio, and reinforce beta (Liao 2015). In Beauregard 2006,
two phases of training were employed, that is to inhibit theta
activity and reinforce sensorimotor rhythm amplitude in phase 1,
and to inhibit theta and reinforce beta 1 waves in phase 2. Two
studies trained the negative and positive slow cortical potentials
(Christiansen 2014; Heinrich 2004). The goal parameters were
unclear for Lim 2019, and Johnstone 2017 did not specify them.
The scalp electrode location for the active lead during training was
Cz in five studies (Arnold 2013; Beauregard 2006; Christiansen 2014;
Duric 2012; Geladé 2016; Heinrich 2004), Fz in two studies (DeBeus
2011; Sudnawa 2018), C3 or C4 in two studies (Dobrakowski 2020;
Lee 2017), Fp1 and Fp2 (Lim 2019), F3 and F4 in one study (Liao
2015), C3 in one study (Shereena 2018), or Pz in another study
(Bazanova 2018). In Meisel 2013 and Moreno-Garcia 2015, the scalp
electrode location for the active lead was Cz for children seven to 11
years old, and FCz for children older than 11 years of age. In Rajabi
2019, the scalp recording site for the first 15 sessions were Cz and
C1 to C5, and in the second 15 sessions they were FCz and C1 to
C5. In Kouijzer 2010, the active lead was Cz, Fz or F4, depending
on individual participants patterns (i.e., quantitative EEG patterns
(QEEG)), whereas in Kouijzer 2013, it was Cz or FCz. In one study,
Van Dongen-Boomsma 2013, the scalp electrode locations for the
active lead were participant specific, and in another study, they
were unclear (Johnstone 2017).
The reference locations were the left earlobe in three studies
(Beauregard 2006; DeBeus 2011; Duric 2012), one earlobe or
the contralateral earlobe in three studies (Dobrakowski 2020;
Johnstone 2017; Lee 2017), both earlobes in two studies (Arnold
2013; Christiansen 2014), or the right earlobe in one study
(Bazanova 2018). In Heinrich 2004 and Kouijzer 2013 the mastoids
were the reference locations. In Kouijzer 2010, mastoids were
the reference and ground electrode. In seven studies the ground
electrode was the right earlobe (Beauregard 2006; DeBeus 2011;
Duric 2012), an earlobe or the ipsilateral earlobe (Dobrakowski
2020; Lee 2017; Sudnawa 2018), and scalp recording site
Fp1 (Bazanova 2018). Finally, one study recorded vertical eye
movement by placing electrodes above and below the left eye
(Heinrich 2004). Thirteen studies did not specify a reference
electrode, ground electrode, or both, Arnold 2013, Christiansen
2014, Geladé 2016, Johnstone 2017, Kouijzer 2013, Liao 2015,
Lim 2019, Meisel
2013, Moreno-Garcia 2015, Rajabi 2019, Shereena 2018, Sudnawa
2018, and Van Dongen-Boomsma 2013.
Participants received visual feedback in the form of simple graphics
displayed on a computer screen in seven studies (Bazanova
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2018; Christiansen 2014; Geladé 2016; Heinrich 2004; Johnstone
2017; Lee 2017; Sudnawa 2018), visual feedback in the form of
simple graphics displayed on a computer screen accompanied by
auditory feedback in four studies (Kouijzer 2010; Kouijzer 2013;
Moreno-Garcia 2015; Van Dongen-Boomsma 2013), visual feedback
(Shereena 2018); audio-visual feedback in a game format in two
studies (Beauregard 2006; Meisel 2013), audio-visual feedback in
four studies (Dobrakowski 2020; Duric 2012; Liao 2015; Rajabi 2019),
and visual and tactile feedback in the form of a video game in
two studies (Arnold 2013; DeBeus 2011). The feedback mode was
unclear for Lim 2019.
Bazanova 2018 assigned participants to two other parallel
experimental groups. These two experimental groups were
identical to the first experimental group, with one exception each:
The goal parameters in the second EEG neurofeedback group
were individually adjusted theta and beta bands (as opposed to
standard theta and beta bands in group one); the intervention
in the third EEG neurofeedback group was EEG neurofeedback
and electromyographic biofeedback (EMG) (as opposed to EEG
neurofeedback intervention).
Control group interventions

Six studies used medication: Geladé 2016 and Sudnawa 2018
used short-acting methylphenidate; Duric 2012 used long-acting
methylphenidate; Meisel 2013 and Moreno-Garcia 2015 used
immediate, intermediate and osmotic-controlled released oral
delivery system methylphenidate; and Lee 2017 administered
medication (medication type is unclear). Four studies employed
a wait-list control group (Dobrakowski 2020; Heinrich 2004;
Johnstone 2017; Kouijzer 2010; Kouijzer 2013; Liao 2015; Lim 2019;
Rajabi 2019), while four other studies used sham EEG feedback
(Arnold 2013; Bazanova 2018; DeBeus 2011; Van Dongen-Boomsma
2013). In one study, participants in the control group engaged in
self-management (Christiansen 2014), in another study, the control
group engaged in routine clinical management (Shereena 2018),
and in a third study, Beauregard 2006, participants in the control
group did not receive any treatment, which we classed as a wait-list
control group.
Duric 2012, Geladé 2016, Kouijzer 2013, and Moreno-Garcia
2015 assigned participants to a second parallel control group,
where participants received the combined treatment of EEG
neurofeedback and long-acting methylphenidate (Duric 2012),
physical exercise (Geladé 2016), skin-conductance biofeedback
(Kouijzer 2013), and cognitive-behavioural therapy (Moreno-Garcia
2015).

Outcomes
Primary outcomes

Six studies examined participant EEG profiles via ERP (mean
amplitude N2 and P3 in microvolts) (Geladé 2016; Heinrich 2004),
power spectra (mean power for theta, alpha or alpha1 and
alpha2, sensorimotor rhythm, and beta, during a stop-signal
task or an eyes open and eyes close condition, in microvoltssquared) (Bazanova 2018; Geladé 2016; Kouijzer 2010; Rajabi 2019),
and power ratio (theta/beta and alpha1/alpha2) (Bazanova 2018;
Moreno-Garcia 2015; Rajabi 2019). Eleven studies investigated
concepts of inhibition via a Counting Stroop task and a Stroop
test (percentage of correct responses on interference trials in
Beauregard 2006, and "verbal response inhibition" in Kouijzer

2010 and Kouijzer 2013), a Go/No-go task (percentage of correct
responses on no-go trials in Beauregard 2006 and Johnstone
2017, commission errors in Shereena 2018, or reaction time on
go trials "when accompanied by no-Go stimulus with a delayed
onset" in Bazanova 2018), a cued continuous performance task
("impulsivity errors" in Heinrich 2004), an n-back task (commission
errors in Dobrakowski 2020), the Integrated Visual and Auditory
Continuous Performance task (full-scale response control quotient
(Rajabi 2019), a comprehensive nonverbal attention test (impulse
error of the response inhibition subtest in Liao 2015), continuous
performance task (ADHD Diagnostic system, commission errors in
Lee 2017), and a stop-signal reaction time task (commission errors
in Geladé 2016). Updating of working memory was examined in
seven studies via points on a digit span task (Beauregard 2006;
Kouijzer 2013), correct responses on an n-back task (Dobrakowski
2020) and spatial span test (Shereena 2018), response accuracy on a
visual counting span task (Johnstone 2017), the number of correct
trials in the backward condition of a visual spatial working memory
task (Geladé 2016), and the number of trials identified in the correct
order on a visuospatial memory task (Van Dongen-Boomsma 2013).
Van Dongen-Boomsma 2013 examined changes in adverse effect
ratings via the total score on the Pittsburgh Side Effects Rating
Scale.
Data for participant ERP profiles (Geladé 2016; Heinrich 2004),
inhibition (Bazanova 2018; Beauregard 2006; Dobrakowski 2020;
Geladé 2016; Heinrich 2004; Johnstone 2017; Kouijzer 2010;
Kouijzer 2013; Lee 2017; Liao 2015; Rajabi 2019; Shereena 2018);
updating of working memory (Beauregard 2006; Dobrakowski
2020; Geladé 2016; Johnstone 2017; Kouijzer 2013; Shereena 2018;
Van Dongen-Boomsma 2013), and adverse effects (Van DongenBoomsma 2013) were considered to be most clinically relevant
and therefore included in Summary of findings 1 and Summary of
findings 2. Remaining data were included in additional tables Table
2 and Table 3 for reference, and not further discussed in this review.
Secondary outcomes

Seven studies provided post-training assessment data for global
markers of ADHD and ASD symptoms as rated by the participants'
parents on the Fremdbeurteilungsbogen für hyperkinetische
Störungen (FBB-HSK) (Heinrich 2004), ADHD Rating Scale IV
(Johnstone 2017; Shereena 2018), Conners-3 parent rating scale
(Lee 2017), the Clinican’s manual for the assessment of disruptive
behaviour disorders - rating scales for parents, from Russel A
Barkley (Duric 2012), and the Social Communication Questionnaire
(Kouijzer 2010; Kouijzer 2013). Hyperactivity-impulsivity was
examined in seven studies via parent ratings on the Conners'
parents rating scales-revised (Arnold 2013; Rajabi 2019), parentratings from the Strengths and Weaknesses of ADHD symptoms
and Normal behaviour scale (Geladé 2016), the ADHD Rating Scale
IV (parent-ratings, Meisel 2013; investigator-ratings, Van DongenBoomsma 2013), investigator-ratings of the Vanderbilt AttentionDeficit/Hyperactivity Disorder Diagnostic Scales (Sudnawa 2018),
and Swanson, Nolan, and Pelham, fourth edition, rating scale (Liao
2015). Hyperactivity was examined in two studies via parent-ratings
on the Swanson, Nolan, and Pelham, fourth edition, rating scale
(Bazanova 2018), and parent-ratings on the Conners' parent rating
scales-revised (Beauregard 2006). Impulsivity was examined in one
study via parent-ratings on the Swanson, Nolan, and Pelham, fourth
edition, rating scale (Bazanova 2018).
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Data for rated behavioural markers for global ADHD and ASD
symptoms (Duric 2012; Heinrich 2004, Johnstone 2017; Kouijzer
2010; Kouijzer 2013; Lee 2017; Shereena 2018), as well as for
hyperactivity-impulsivity (Arnold 2013; Geladé 2016; Liao 2015;
Meisel 2013; Sudnawa 2018; Rajabi 2019; Van Dongen-Boomsma
2013) were considered most clinically relevant and therefore
included in the Summary of findings 1 and Summary of findings
2. Remaining data were included in additional tables Table 2 and
Table 3 for reference, and not further discussed in this review.
Excluded studies
We excluded five studies at full-text review stage, as they were
not randomised controlled trials (Bluschke 2018; Hernández 2016),
examined a population that with a broader age-range than six to 18
years of age (Carrick 2018), or employed a type of control group that
was not of interest to this review (Chen 2018; Hartmut 2020) (see
Characteristics of excluded studies tables).
Studies awaiting classification
For two studies, further information is required to determine
eligibility of inclusion (e.g. control intervention information in
DeBeus 2004; full-text version of the search results in Zhang 2006).
Until this information becomes available, we categorised these
studies as awaiting classification (see Characteristics of studies
awaiting classification tables).
Two studies employed an RCT design (DeBeus 2004; Zhang 2006).
One study was conducted in China (Zhang 2006). It is unclear
where the other study was conducted (DeBeus 2004). A total of 82
participants were recruited. Children were between seven and 11
years old (DeBeus 2004), and had ADHD (DeBeus 2004; Zhang 2006).
It is unclear how old participants were in Zhang 2006.
The experimental intervention was EEG neurofeedback in DeBeus
2004 and Zhang 2006. Participants received a total of 35 to 40
sessions (Zhang 2006) or 40 sessions (DeBeus 2004). The frequency
and session duration were unclear for one study (DeBeus 2004).
Participants in Zhang 2006 received three to five sessions per week
(session duration unknown). The goal parameters were to inhibit
theta and to reinforce beta (Zhang 2006) or were unclear (DeBeus
2004). Scalp recording location and feedback type were unclear in
both studies (DeBeus 2004; Zhang 2006). The control intervention
in one study was methylphenidate (Zhang 2006). The control
intervention was unclear in DeBeus 2004. When sufficient
information becomes available to discern the inclusion or
exclusion of these studies, the outcomes of interest for studies that
meet the inclusion criteria are:
1. post-assessment ratings of participant EEG profile (Primary
outcomes) in DeBeus 2004; and

2. post-assessment scores of behavioural performances
(Secondary outcomes) in Zhang 2006.
Ongoing studies
We classed three studies as ongoing (IRCT138804132000N2;
NCT02251743; NCT02778360). See Characteristics of ongoing
studies tables.
All three studies employed a RCT design and were conducted in
Iran (IRCT138804132000N2), the USA (NCT02251743) or in Belgium,
Germany, Spain, France, and Switzerland (NCT02778360). We
estimate that a total of 411 children were recruited for three studies.
In all studies, children had a formal ADHD diagnosis and were aged
between 7 and 18 years old.
The experimental intervention was EEG neurofeedback
(IRCT138804132000N2; NCT02251743; NCT02778360). Participants
received 10 sessions (IRCT138804132000N2), 36 30-minute
sessions (NCT02778360), or 38 sessions for a maximum of 45
minutes each (NCT02251743). In NCT02778360 the interventions
ran for nine weeks, or for 12 weeks in IRCT138804132000N2. It is
unclear how long the interventions ran for NCT02251743. The goal
parameters were to inhibit theta amplitude (NCT02251743) and
to reinforce beta amplitude (NCT02251743, IRCT138804132000N2),
to decrease theta/beta ratio or to reinforce sensorimotor rhythm
(NCT02778360). No information on scalp recording location or on
the type of feedback (i.e. visual or auditory) was available for two
studies (IRCT138804132000N2; NCT02251743). In NCT02778360
and when sensorimotor rhythm was trained, the scalp recording
sites were C3, Cz, and C4. When theta/beta ratio was trained, the
scalp recording sites were F3, Fz, F4, and Cz. For both protocols, the
left earlobe was the reference electrode, and the right earlobe was
the ground electrode (NCT02778360). Participants in NCT02778360
received visual feedback (i.e. via a video game format, such as
fishing, a puzzle, a moving bar on the computer screen). The
control interventions were sham-feedback (NCT02251743),
extended-release
methylphenidate
(NCT02778360),
and
concurrent administration of EEG neurofeedback with
methylphenidate
(IRCT138804132000N2). When
sufficient
information becomes available to discern the eligibility of these
studies (IRCT138804132000N2; NCT02251743; NCT02778360),
then the outcome of interests for the included studies are rated
behavioural markers at post-training assessment (Secondary
outcomes) for all three studies (IRCT138804132000N2;
NCT02251743; NCT02778360) and adverse effects ratings (Primary
outcomes) for NCT02778360.

Risk of bias in included studies
Figure 4 is a visual representation of the 'Risk of bias' assessment for
the 21 included studies (Characteristics of included studies tables).
We assigned ratings of high, low, or unclear risk of bias to each
category, as outlined in further detail in this section.
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Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias): All outcomes
Blinding of outcome assessment (detection bias): All outcomes
Incomplete outcome data (attrition bias): All outcomes
Selective reporting (reporting bias)
Other bias

Figure 4. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation
We considered selection bias via sequence generation and via
allocation concealment. We rated the risk of selection bias via
sequence generation as low for nine studies that allocated
participants via a computerised random number generator,
calculator, or chart (DeBeus 2011; Duric 2012; Geladé 2016;
Johnstone 2017; Meisel 2013; Moreno-Garcia 2015), computerised
group assignment (Lim 2019), or random block sizes of two
(Lee 2017; Sudnawa 2018; Van Dongen-Boomsma 2013). We rated
eleven studies as unclear risk of bias, as the information provided
was not sufficient to permit judgment of low, or high risk of bias
(Arnold 2013;Bazanova 2018; Beauregard 2006; Christiansen 2014;
Dobrakowski 2020; Heinrich 2004; Kouijzer 2010; Kouijzer 2013;
Liao 2015; Rajabi 2019; Shereena 2018).
We considered risk of selection bias via allocation concealment
as high for two studies (i.e. treatment allocation was achieved
via computerised stratification, and was an explicitly unconcealed
procedure, Christiansen 2014; participants were assigned via study
entry, and derivation, Moreno-Garcia 2015). We rated the risk of
selection bias via allocation concealment as low for three studies
(i.e. participants were assigned via a SmartBox interface device,
Arnold 2013; central allocation via an administrative staff who
was not otherwise involved, DeBeus 2011; web-based central
allocation, Lim 2019). The information presented in 16 studies was
insufficient to permit judgment of low or high risk of bias, and we
therefore rated these as having unclear risk of bias (Bazanova 2018;
Beauregard 2006; Dobrakowski 2020; Duric 2012; Geladé 2016;
Heinrich 2004; Johnstone 2017; Kouijzer 2010; Kouijzer 2013; Lee
2017; Liao 2015; Meisel 2013; Rajabi 2019; Shereena 2018; Sudnawa
2018; Van Dongen-Boomsma 2013).
Blinding
We examined performance bias and detection bias via the blinding
of participants and personnel, and the blinding of outcome
assessors, respectively. Authors in three studies highlighted that
participants and people who were involved in data collection, entry
and analyses were blinded (Arnold 2013; DeBeus 2011; Van DongenBoomsma 2013). We, therefore, judged all three instances as low
risk of performance bias. We rated the remaining studies as unclear
risk of bias, as insufficient information was reported to permit a
judgment of low, or high risk of bias (Bazanova 2018; Beauregard
2006; Christiansen 2014; Dobrakowski 2020; Duric 2012; Geladé
2016; Heinrich 2004; Johnstone 2017; Kouijzer 2010; Kouijzer 2013;
Lee 2017; Liao 2015; Lim 2019; Meisel 2013; Moreno-Garcia 2015;
Rajabi 2019; Shereena 2018; Sudnawa 2018).
Outcome assessors were blinded or very likely to be blinded
in three studies (Arnold 2013; Moreno-Garcia 2015; Van DongenBoomsma 2013). In 18 studies, the blinding process of outcome
assessors was not described in sufficient detail to help determine
low or high risk of bias. We rated the risk of performance bias
as unclear (Bazanova 2018; Beauregard 2006; Christiansen 2014;
DeBeus 2011; Dobrakowski 2020; Duric 2012; Geladé 2016; Heinrich
2004; Johnstone 2017; Kouijzer 2010; Kouijzer 2013; Lee 2017; Liao
2015; Lim 2019; Meisel 2013; Rajabi 2019; Shereena 2018; Sudnawa
2018).
Incomplete outcome data
We considered attrition bias via the completeness of outcome data.
We judged 13 studies to be at low risk of bias (i.e. missing outcome

data was balanced across participants groups and with similar
reasons, Arnold 2013; Duric 2012; Geladé 2016; Johnstone 2017; Lim
2019; Shereena 2018; missing data occurred at random and did not
differ significantly between the groups, DeBeus 2011; reasons for
missing outcome were unlikely to be related to the true outcome,
Meisel 2013; Sudnawa 2018; Van Dongen-Boomsma 2013; data did
not appear to be missing, Dobrakowski 2020; Liao 2015; Rajabi
2019) and eight studies as unclear risk of bias (i.e. insufficient
reporting to permit judgment of low or high risk of bias, Bazanova
2018; Beauregard 2006; Christiansen 2014; Heinrich 2004; Kouijzer
2010; Kouijzer 2013; Lee 2017; Moreno-Garcia 2015).
Selective reporting
We assessed reporting bias via selective reporting. In ten studies,
at least one outcome of interest to this review was reported
incompletely (Arnold 2013; Beauregard 2006; Christiansen 2014;
DeBeus 2011; Dobrakowski 2020; Johnstone 2017; Kouijzer 2013;
Lee 2017; Lim 2019; Van Dongen-Boomsma 2013). We, therefore,
rated the risk of reporting bias as high for these ten studies. Eleven
studies presented outcome measures in their results that matched
the prescribed outcome measures in their method section. In
all eleven cases, significant and non-significant results were
presented. We judged these studies as low risk of reporting bias
(Bazanova 2018; Duric 2012; Geladé 2016; Heinrich 2004; Kouijzer
2010; Liao 2015; Meisel 2013; Moreno-Garcia 2015; Rajabi 2019;
Shereena 2018; Sudnawa 2018).
Other potential sources of bias
In this review, we considered allegiance bias as an 'other' potential
source of bias. Allegiance bias describes the contamination
of study results that may be induced by the theoretical or
treatment opinions of the study investigator (Luborsky 1975). We
rated allegiance bias as high for three studies, as the authors
received research support or consulting honoraria (or both)
from pharmaceutical companies (Arnold 2013) or co-authors
were co-inventors of intellectual property that was used in the
neurofeedback software of the study (Johnstone 2017; Sudnawa
2018). We rated the risk of allegiance bias as low for six studies.
These six studies reported no conflicts of interest, and the EEG
neurofeedback technology was obtained from an independent
source (Christiansen 2014; Duric 2012; Kouijzer 2010; Kouijzer 2013;
Meisel 2013; Shereena 2018). We rated the risk of allegiance bias
as unclear for 12 studies (i.e. insufficient reporting to permit a
judgement of high or low risk of bias) (Bazanova 2018; Beauregard
2006; DeBeus 2011; Dobrakowski 2020; Geladé 2016; Heinrich 2004;
Lee 2017; Liao 2015; Lim 2019; Moreno-Garcia 2015; Rajabi 2019;
Van Dongen-Boomsma 2013).

Effects of interventions
See: Summary of findings 1 EEG neurofeedback compared with
non-active comparators for executive functioning performance
in children with neurodevelopmental disorders; Summary
of findings 2 EEG neurofeedback compared with active
comparators for executive functioning performance in children
with neurodevelopmental disorders
Twenty-one studies (1018 participants) examined the treatment
effect of EEG neurofeedback on the primary and secondary
outcome of this review. We extracted data from 18 of the 21
included studies (614 participants) as outlined below (Arnold
2013; Bazanova 2018; Beauregard 2006; Dobrakowski 2020; Duric
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2012; Geladé 2016; Heinrich 2004; Johnstone 2017; Kouijzer 2010;
Kouijzer 2013; Liao 2015; Lee 2017; Meisel 2013; Moreno-Garcia
2015; Rajabi 2019; Shereena 2018; Sudnawa 2018; Van DongenBoomsma 2013). In line with this review's protocol (Landes
2017) and standard Cochrane methodology (Schünemann
2019), we presented the most clinically relevant findings in the
following section.
Any additional primary and secondary outcomes have been listed
in Table 2 and Table 3 as further information only and are not
discussed in any more detail in the following or remaining sections
of this review. The corresponding analyses for these additional
primary and secondary outcomes can be found here Analysis
3.1, Analysis 3.2, Analysis 3.3, Analysis 3.4, Analysis 3.5, Analysis
3.6, Analysis 3.7, Analysis 3.8, Analysis 3.9, and here Analysis 4.1,
Analysis 4.2, Analysis 4.3, Analysis 4.4.
Comparison: EEG neurofeedback compared to non-active and
active control interventions

Primary outcome

Participant ERP profiles (non-active control interventions)

Two studies reported post-training assessment data on participant
ERP profiles. Specifically, mean amplitudes of P3 were elicited
in a cued continuous performance task (Heinrich 2004).
Participants received EEG neurofeedback or a control
intervention. When EEG neurofeedback was compared to
non-active comparators, we found that participants who
received EEG neurofeedback had a higher mean P3 amplitude
than participants in the wait-list control group (MD 0.94; lower
P3 mean amplitude has been associated with ADHD in children;
95% CI -5.20 to 7.08; 1 study; 22 participants; Analysis 1.1). Given
that this outcome was measured by only one study, we did not
comment on the clinically relevant treatment effect. We rated
the certainty of evidence as very low, due to inconsistency (one
study only), imprecision (small number of participants and wide
95% CI), and a strongly suspected publication bias (small studies,
industry funded studies, unclear allegiance bias, or conflict of
interest either not reported, unclear or a concern). See Summary
of findings 1.
Participant ERP profiles (active control interventions)

When EEG neurofeedback was compared to active comparators,
participants in the EEG neurofeedback group had a smaller mean
P3 amplitude than participants in the methylphenidate group
(MD -5.52; reduced P3 mean amplitude has been associated with
ADHD in children; 95% CI -9.83 to -1.21; 1 study; 57 participants;
Analysis 2.1). The clinically relevant treatment effect is unclear,
since only one study measured this outcome. We rated the certainty
of evidence as very low, due to inconsistency (one study only),
imprecision (small number of participants and wide 95% CI), and a
strongly suspected publication bias (small studies, industry funded
studies, unclear allegiance bias, or conflict of interest either not
reported, unclear or a concern). See Summary of findings 2.The
EEG neurofeedback group had a smaller mean N2 amplitude
than the methylphenidate group (MD -1.22; lower N2 mean
amplitude has been associated with ADHD in children; 95% CI
-5.61 to 3.17; 1 study; 57participants; Analysis 2.2). The clinically
relevant treatment effect is unclear, since only one study measured
this outcome. We rated the certainty of evidence as very low,
due to inconsistency (one study only), imprecision (small number

of participants and wide 95% CI), and a strongly suspected
publication bias (small studies, industry funded studies, unclear
allegiance bias, or conflict of interest either not reported, unclear or
a concern). See Summary of findings 2.
Inhibition and updating of working memory assessments
Fourteen studies reported post-training assessment data on
inhibition and updating of working memory assessments. For
inhibition we examined the reaction time for go trials, response
accuracy on no-go trials, and commission errors in a go/no-go
task, impulsivity errors in a cued continuous performance task,
verbal response inhibition in a Stroop task, impulse errors in
a comprehensive nonverbal attention test, full-scale response
control quotient in the integrated visual and auditory continuous
performance task, commission errors on a stop signal task and a
continuous performance task. For updating of working memory,
we analysed the total score on a digit span task and the backward
condition of a spatial span test, correct responses on an n-back
task, response accuracy on a visual counting span task, visuospatial
sequencing subtest score on the attention network task, and
correct trials in the backward condition of the visual spatial working
memory task. Participants received EEG neurofeedback or a control
intervention (Bazanova 2018; Beauregard 2006; Dobrakowski 2020;
Geladé 2016; Heinrich 2004; Johnstone 2017; Kouijzer 2010;
Kouijzer 2013; Lee 2017; Liao 2015; Moreno-Garcia 2015; Rajabi
2019; Shereena 2018; Van Dongen-Boomsma 2013).
Non-active control interventions

For the primary outcome of inhibition, our analysis indicated little
or no difference in the magnitude of effect for participants who
received EEG neurofeedback, compared to participants in the sham
EEG feedback or wait-list control group (SMD 0.04, 95% CI -0.38
to 0.47; P = 0.84; I2 = 53%; Chi2 = 15.04; heterogeneity P = 0.04;
Tau2 = 0.19; 8 studies; 211 participants; Analysis 1.2). The clinically
relevant treatment effect was small and close to none. We rated
the certainty of the evidence as very low due to inconsistency
(substantial statistical heterogeneity: I2 = 50% to 64% or higher, and
a significant Chi2 P value, or I2 = 65% or higher), imprecision (small
number of participants), and a strongly suspected publication bias
(small studies, industry funded studies, unclear allegiance bias, or
conflict of interest either not reported, unclear or a concern). See
Summary of findings 1. For the updating of working memory, the
magnitude of effect was marginally smaller for participants who
received EEG neurofeedback, compared to participants in the
sham EEG feedback or wait-list control group (SMD 0.45, 95%
0.14 to 0.76; P = 0.01; I2 = 0%; Chi2 = 3.72; heterogeneity P =
0.45; Tau2 = 0.00; 5 studies; 173 participants; Analysis 1.3). The
clinically relevant treatment effect was small. We rated the
certainty of the evidence as very low due to imprecision (small
number of participants and wide 95% CI), and a strongly
suspected publication bias (small studies, industry funded
studies, unclear allegiance bias, or conflict of interest either not
reported, unclear or a concern). See Summary of findings 1.
Active control interventions

The magnitude of effect for inhibition was marginally smaller
for participants who received EEG neurofeedback, compared to
participants who received medication such as methylphenidate or
routine clinical management (SMD 0.16, 95% CI -0.14 to 0.45; P
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= 0.30; I2 = 0%; Chi2 = 2.46; heterogeneity P = 0.48; Tau2 = 0.00;
4 studies; 176 participants; Analysis 2.3). The clinically relevant
treatment effect was small. We rated the certainty of the evidence
as low due to imprecision (small number of participants), and a
strongly suspected publication bias (small studies, industry funded
studies, unclear allegiance bias, or conflict of interest either not
reported, unclear or a concern). See Summary of findings 2. On
measures of updating of working memory, the magnitude of
effect was marginally smaller for participants who received EEG
neurofeedback, compared to participants who received medication
such as methylphenidate or routine clinical management (SMD
0.15, 95% CI -0.23 to 0.54; P = 0.43; I2 = 0%; Chi2 = 0.22; heterogeneity
P = 0.64; Tau2 = 0.00; 2 studies; 105 participants; Analysis 2.4). The
clinically relevant treatment effect was small. We rated the
certainty of the evidence as very low due to imprecision (small
number of participants and wide 95% CI), and a strongly suspected
publication bias (small studies, industry funded studies, unclear
allegiance bias, or conflict of interest either not reported, unclear or
a concern). See Summary of findings 2.
Adverse effects ratings (available for non-active control
interventions only)
One study reported post-training assessment data on adverse
effects ratings via the Pittsburgh Side Effects Rating scale.
Participants received EEG neurofeedback or a control group (Van
Dongen-Boomsma 2013). Participants who received EEG
neurofeedback had a higher adverse effect rating than
participants who received sham EEG feedback (MD 0.20, a
higher score indicates higher adverse effects; 95% CI
-2.41 to 2.81; 1 study; 41 participants; Analysis 1.4). The clinically
relevant treatment effect is unclear, since only one study measured
this outcome. We rated the certainty of evidence as very low,
due to inconsistency (one study only), imprecision (small number
of participants and wide 95% CI), and a strongly suspected
publication bias (small studies, industry funded studies, unclear
allegiance bias, and conflict of interest either not reported, unclear
or a concern). See Summary of findings 1.

Secondary outcomes
Rated behavioural markers

Fourteen studies reported post-training assessment data on
parent-rated behavioural markers for ADHD and ASD. Specifically,
global symptoms of ADHD were assessed via parent ratings
on the Fremdbeurteilungsbogen für hyperkinetische Störungen
(German ADHD rating scale), the ADHD Rating Scale IV (ADHDRS), the Clinicians Manual for the Assessment of Disruptive
Behavior Disorders - Rating Scale for Parents, from Russel A
Barkley, and the Conners' Parent Rating Scale-Revised. Global
symptoms of ASD were assessed via Social Communication
Questionnaire. Hyperactivity-impulsivity was examined via parent
ratings on the Conners' Parent Rating Scale-Revised, the Swanson,
Nolan, Pelham parent version IV rating scale, the ADHD Rating
Scale-IV, the Strengths and Weaknesses of ADHD symptoms and
Normal behaviour scale, Vanderbilt Attention Deficit/Hyperactivity
Disorder Diagnostic Rating Scale, and mothers ratings on the ADHD
Rating Scale-IV (Arnold 2013; Duric 2012; Geladé 2016; Heinrich
2004; Johnstone 2017; Kouijzer 2010; Kouijzer 2013; Liao 2015; Lee

2017; Meisel 2013; Rajabi 2019; Sudnawa 2018; Shereena 2018; Van
Dongen-Boomsma 2013).
Non-active control interventions

The magnitude of effect for global ADHD ratings was substantially
larger for participants who received EEG neurofeedback compared
to participants who were in a wait-list control condition (SMD -1.64,
95% CI -2.22 to -1.06; P = 0.01; I2 = 80%; Chi2 = 4.97; heterogeneity
P = 0.03; No measure of Tau2; 2 studies; 66 participants; Analysis
1.5). The clinically relevant treatment effect is substantial. We rated
the certainty of evidence as very low, due to imprecision (small
number of participants and wide 95% CI), a strongly suspected
publication bias (small studies, industry funded studies, unclear
allegiance bias, or conflict of interest either not reported, unclear or
a concern), and inconsistency (substantial statistical heterogeneity:
I2 = 50% to 64% or higher, and a significant Chi2 P value, or I2 = 65%
or higher). See Summary of findings 1. The magnitude of effect
global ASD was moderately larger for participants who
received EEG neurofeedback compared to participants who were
in a wait-list control condition (SMD -0.75, 95% CI -2.87 to 1.37; P
= 0.49; I2 = 89%; Chi2 = 8.86; heterogeneity P = 0.01; Tau2 = 0.01; 2
studies; 40 participants; Analysis 1.6). The clinically relevant
treatment effect is moderate. We rated the certainty of
evidence as very low, due to imprecision (small number of
participants)
and inconsistency
(substantial
statistical
heterogeneity: I2 = 50% to 64% or higher, and a significant Chi2 P
value, or I2 = 65% or higher). See Summary of findings 1. On
measures for hyperactivity-impulsivity, the magnitude of effect
was marginally larger for participants who received EEG
neurofeedback, compared to participants in the sham EEG
feedback or wait-list control group (SMD -0.36, 95% CI -0.76 to 0.04;
P = 0.08; I2 = 19%; Chi2 = 3.69; heterogeneity P = 0.30; Tau2 = 0.03;
4 studies; 129 participants; Analysis 1.7). The clinically relevant
treatment effect was small. We rated the certainty of the evidence
as very low due to imprecision (small number of participants and
wide 95% CI), and a strongly suspected publication bias (small
studies, industry funded study, unclear allegiance bias, or conflict
of interest either not reported, unclear or a concern). See Summary
of findings 1.
Active control interventions

The magnitude of effect for global symptoms of ADHD was
marginally larger for participants who received EEG neurofeedback
compared to participants who received medication such as
methylphenidate (SMD -0.45, 95% CI -1.04 to 0.13; P = 0.13; I2 =
15%; Chi2 = 1.36; heterogeneity P = 0.24; Tau2= 0.05; 2 studies; 68
participants; Analysis 2.5). The clinically relevant treatment effect
was small. We rated the certainty of the evidence as very low due
to imprecision (small number of participants and wide 95% CI),
and a strongly suspected publication bias (small studies, industry
funded study, unclear allegiance bias, or conflict of interest either
not reported, unclear or a concern). See Summary of findings 2.
The magnitude of effect for hyperactivity-impulsivity was
marginally smaller for participants who received EEG
neurofeedback, compared to participants who received
methylphenidate or routine clinical management (SMD 0.14, 95%
CI -0.20 to 0.48; P = 0.32; I2 = 15%; Chi2 = 3.53; heterogeneity P = 0.32;
Tau2 = 0.02; 4 studies; 168 participants; Analysis 2.6). The clinically
relevant treatment effect was small. We rated the certainty of the
evidence as low due to imprecision (small number of participants),
and a strongly suspected publication bias (small studies, industry
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funded study, unclear allegiance bias, or conflict of interest either
not reported, unclear or a concern). See Summary of findings 2.

DISCUSSION
Summary of main results
Twenty-one studies were included in this current review, and we
were able to extract data from 18 studies (Arnold 2013; Bazanova
2018; Beauregard 2006; Dobrakowski 2020; Duric 2012; Geladé
2016; Heinrich 2004; Johnstone 2017; Kouijzer 2010; Kouijzer 2013;
Lee 2017; Liao 2015; Meisel 2013; Moreno-Garcia 2015; Rajabi 2019;
Shereena 2018; Sudnawa 2018; Van Dongen-Boomsma 2013).
EEG neurofeedback was favoured for ERP profile ratings (i.e.
P3) and rated behavioural markers for ADHD and ASD (i.e.
global ADHD and ASD symptoms, hyperactivity-impulsivity), when
EEG neurofeedback was compared to non-active comparisons
(i.e. sham EEG feedback or a wait-list control group). When
EEG neurofeedback was compared to active comparisons
(i.e. medication such as methylphenidate or routine clinical
management), EEG neurofeedback was favoured for the rated
behavioural markers for ADHD (i.e. global ADHD symptoms). The
size of the clinical treatment effects was only considered for metaanalysed outcomes, and ranged from little to none and small, to
moderate, or large. Regardless of the size of the treatment effect,
the certainty of evidence in this review was of low or very low
certainty for all outcomes, thus we cannot have the full confidence
that these findings represent the true effect.

Overall completeness and applicability of evidence
The 18 studies that we extracted data from (Arnold 2013; Bazanova
2018; Beauregard 2006; Dobrakowski 2020; Duric 2012; Geladé
2016; Heinrich 2004; Johnstone 2017; Kouijzer 2010; Kouijzer
2013; Lee 2017; Liao 2015; Meisel 2013; Moreno-Garcia 2015;
Rajabi 2019; Shereena 2018; Sudnawa 2018; Van Dongen-Boomsma
2013) examined the therapeutic effect of EEG neurofeedback
(compared to sham EEG feedback, a wait-list control condition,
a pharmacological intervention, or routine clinical management),
in children with a mean age range of seven to 15 years old. All
children had a primary diagnosis of ADHD or ASD and either no
comorbidities, or a range of different comorbidities, but no medical
illnesses. We extracted data pertaining to the review's four primary
and secondary outcomes.
In this review, we set out to investigate the effectiveness of EEG
neurofeedback for inhibition and updating of working memory
in children with neurodevelopmental challenges. In order to
predictably review the literature pertaining to children with
executive functioning problems, the review's target population was
children with these neurodevelopmental disorders: ASD, ADHD,
Intellectual disability, Down Syndrome, FAS Disorder, and fragile
X disorder (i.e. developmental disorders that impact executive
functioning). Studies that met the inclusion criteria of this review
had recruited children with ADHD or ASD as their primary diagnosis
only. The evidence for the effectiveness of EEG neurofeedback
for poor inhibition and updating of working memory in children
with neurodevelopmental disorders is, therefore, incomplete. Our
question of whether EEG neurofeedback is effective in training
inhibition and updating working memory problems in children
with neurodevelopmental challenges cannot be fully answered
here. It is of note that the findings of this review pertain to

children with ADHD and ASD only. This review’s conclusions,
therefore, are not necessarily generalisable to children with the
other neurodevelopmental disorders. Clinical staff, health care
professionals, service providers and consumers may find it
helpful to discuss with families considering EEG neurofeedback
intervention for inhibition and updating of working memory, that
the evidence-base for both executive functions is limited.

Quality of the evidence
The evidence in this review was judged to be of low and verylow quality. This means that we cannot be fully confident that the
effects reported are the true effects. It also means that additional
data may change the conclusions. The quality of the evidence in
this review is limited by a few factors. These factors were at
least one of the following, or a combination of: inconsistency data from one study, moderate or substantial statistical
heterogeneity, imprecision - small number of participants or wide
95% CI or both, strongly suspected publication bias - small
studies, industry-funded studies, unclear or likely allegiance
bias or conflict of interest or both.

Potential biases in the review process
We aimed to minimise potential biases in this review process, by
completing the following steps.
1. We published a protocol, Landes 2017, to outline transparently
each step of the review process ahead of time.
2. We conducted comprehensive searches to identify relevant
studies.
3. During this review, there were a number of occasions where
changes to the protocol improved this review. We made a
formal note of any post-hoc protocol changes, in the Differences
between protocol and review section. For example, at protocol
stage, we had planned to include RCTs and quasi-RCTs. However,
during the title and abstract screening stage, it became apparent
that studies did not clearly describe their study design nor
did they describe the process of participant allocations to
experimental and control groups. On most occasions we were
unable to determine the study eligibility. To remove the risk
of missing the inclusion of quasi-RCTs or falsely including nonrandomised studies, we amended our criteria to include RCTs
only. It is possible that this amendment has led to the exclusion
of studies that would have otherwise met our inclusion criteria.
4. Two review authors (JL, and another one of the four authors:
BG, NB, SB, SR) independently examined the study against
the inclusion and exclusion criteria (Criteria for considering
studies for this review), extracted data, rated the risk of bias,
and completed a GRADE assessment for each outcome.
Disagreements were discussed in the author pairs until an
agreement was reached. We recognise that different review
authors may have had different rating styles. However, we
sought to minimise risk of bias that may arise from any interrater differences by engaging one review author (JL) as a
constant reviewer for all tasks and providing clear instructions
to the other review author (BG, NB, SB, SR). This dual-rating
process was also aimed at moderating any potential risk of
bias that was introduced via JL as the constant reviewer.
A limitation of this review is that we did not monitor
whether participants in their individual studies, and therefore
in their individual training context (e.g. EEG neurofeedback
protocol, technology, neurodevelopmental disorder, age-group),
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successfully learnt to self-regulate their brain activity. To minimise
the potential inclusion of data from a study where participants
did not successfully learn to self-regulate their brain activity, may
ensure that all data that is included measures a true training effect.
One possible step to address this limitation is to, for example,
exclude all studies where the participants' self-regulation of brain
activity was not evaluated by study authors.

Agreements and disagreements with other studies or
reviews
This systematic review is the first to examine RCTs on the
effectiveness of EEG neurofeedback for inhibition and updating
of working memory, in childhood neurodevelopmental disorders.
Existing meta-analyses have investigated the effectiveness of
EEG neurofeedback intervention for the improvement of ADHD
symptoms in children. Below, we presented two recent examples.
To our knowledge, no meta analyses have exclusively examined the
effectiveness of EEG neurofeedback for the improvement of ASD
symptoms in children in the last decade. A small number of metaanalyses exist where ASD symptoms are examined among a range
of other symptoms.
ADHD
Cortese 2016 examined RCTs with EEG neurofeedback, compared
to treatment as usual, an "active", waitlist condition, or sham
EEG feedback. The authors' aim was to determine the effect
of EEG neurofeedback compared to the control conditions, on
ADHD symptoms (i.e. inhibition and attention), neuropsychological
laboratory-based measures, academic functioning, and symptom
severity ratings of comorbid conditions (e.g. anxiety disorder). The
authors concluded that EEG neurofeedback was not an effective
treatment for ADHD (i.e. neither for the symptomatic management
of ADHD, or cognitive correlates).
More recently, Van Doren 2019 investigated the potential longterm effects of EEG neurofeedback, and control intervention
conditions (i.e. active, and non-active control) on inattention
and hyperactivity/impulsivity in children with ADHD. The authors
examined inattention and hyperactivity/impulsivity, using parent
behaviour ratings, at post-assessment, and at follow-up (i.e. two
to 12 months). The mean participant age range was eight to 16
years, and participants had a primary diagnosis of ADHD. The data
of 10 studies were analysed in the EEG neurofeedback arm, and the
data of nine studies were analysed in the control intervention arm.
Heterogeneity (via Chi2) was examined. A key finding was that EEG
neurofeedback (compared with non-active control conditions) was
favoured to significantly, and for at least a 12-month period, reduce
ADHD symptoms.
ASD
For example, Begemann 2016 assessed control-group studies (i.e.
passive, or semi-active control groups, placebo, or medication
conditions). Their aim was to examine whether EEG neurofeedback
was efficacious in treating psychiatric disorders (i.e. ADHD, ASD,
obsessive-compulsive disorder, general anxiety disorder, and
depression). Five studies for children with ASD met the inclusion
criteria. Findings pertaining to ASD were that due to small
sample sizes, and wait-list control conditions, the efficacy of
neurofeedback to reduce ASD symptoms was not supported by the
present literature.

Another example is a recent meta-analysis, Darling 2019 that
examined biofeedback (e.g. EEG neurofeedback, heart rate
variability, or electromyographic biofeedback) for the treatment of
paediatric conditions. All types of quantitative study designs and
paediatric conditions were reviewed. In the resulting sample, the
most frequently paediatric condition was headaches. A key finding
was a large effect size that favoured biofeedback in the treatment
of paediatric conditions. However, the authors concluded that due
to low quality of the evidence, the interpretations of the efficacy of
biofeedback for paediatric conditions were limited. No conclusions
pertained to the use of biofeedback (or EEG neurofeedback) for ASD
symptoms. The results of the present review overlap with these
previous meta- analyses.

AUTHORS' CONCLUSIONS
Implications for practice
The outcome statistic for the primary outcome, i.e. P3 at
post-training assessment, revealed that EEG neurofeedback was
favoured compared to the non-active comparators. The summary
statistics for secondary outcomes, i.e. global ADHD, global ASD, and
hyperactivity-impulsivity at post-training assessment, indicated
that EEG neurofeedback was favoured compared to the non-active
comparators. The effect estimates were large, moderate, and small,
respectively. The summary statistic for the secondary outcome,
i.e. global ADHD highlighted that EEG neurofeedback was favoured
compared to active comparators. The effect estimate was small.
Overall, these are positive outcomes for EEG neurofeedback.
However, since the certainty of this evidence for these five results
was very low, we cannot have full confidence that these supportive
findings for EEG neurofeedback represent the true effect.
The data were drawn from ADHD or ASD populations (Arnold
2013; Beauregard 2006; Duric 2012; Geladé 2016; Heinrich 2004;
Johnstone 2017; Kouijzer 2010; Kouijzer 2013; Lee 2017; Meisel
2013; Moreno-Garcia 2015; Shereena 2018; Sudnawa 2018; Van
Dongen-Boomsma 2013). Therefore, all results in this review
pertain to the effectiveness of EEG neurofeedback for inhibition and
updating of working memory functioning in children with ADHD
or ASD only. It is, therefore, not possible to discern whether EEG
neurofeedback is effective in improving measures of inhibition or
updating of working memory in children with neurodevelopmental
disorders.
Clinical staff, health professionals, service providers and consumers
should be aware that the evidence for the effectiveness of EEG
neurofeedback for inhibition and updating of working memory
functioning in children with ADHD and ASD is limited and of low
to very-low certainty. Conclusive recommendations for practice,
therefore, cannot be drawn in this review. Despite this limited
evidence, EEG neurofeedback is available for children with ADHD
and ASD, either with or without the supervision from a health
professional (i.e. for home-use). In order to support an accurate
understanding of this evidence, we encourage clinical staff, health
professionals, and service providers, to discuss these findings
with families who consider EEG neurofeedback intervention for
inhibition or updating of working memory.
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Implications for research
The notion that EEG neurofeedback intervention is easily accessible
points to a critical need to generate robust evidence that underpins
claims of the effectiveness of the intervention. In this review, we
examined the effectiveness of EEG neurofeedback for inhibition
and updating of working memory functioning in children
with neurodevelopmental disorders. While several findings
revealed favourable outcomes for EEG neurofeedback compared
to non-active and active control interventions (i.e. see Authors'
conclusions) we cannot be sure of the certainty of this
evidence. In order to be able to answer with certainty, the question
of effectiveness for inhibition and updating of working memory in
children with neurodevelopmental disorders, future studies that
contribute high quality, or high certainty evidence are needed.
Researchers of future studies, therefore, should consider the
following recommendations:
1. Other diagnoses. The existing evidence base to this review,
predominantly considers children with ADHD as their primary
disorder. In order to address the effectiveness of EEG
neurofeedback for children with neurodevelopmental disorders
other than ADHD and ASD, future studies should recruit children
with other neurodevelopmental disorders.
2. Different modes of outcome assessments. Collecting
neurological and behavioural data allows researchers to record
a broad range of effects that may not only uncover the
effectiveness of EEG neurofeedback interventions, however, it
may also point to the intervention's mechanisms of change.
As highlighted in this review, the existing evidence base to this
review, predominantly reports behaviour-based assessments.
We recommend that future studies consistently consider a
balance of neurological and behavioural modes of outcome
assessments.
3. Adverse effects. Adverse effects or unwanted side effects
are not commonly reported in the studies that were
included in this review. Reports of adverse effects are
key in highlighting important contraindications that inform
intervention application and development. We recommend that
future studies consistently report the absence or presence of
adverse effects.
4. Transparent reporting. Each study in this review was rated
for the risks of biases (i.e. selection bias, performance bias,
detection bias, attrition bias, outcome reporting bias and/or
allegiance bias). In all instances, these risk of bias ratings
contributed to the overall certainty of the evidence (i.e. how true
is the effect). In order to minimise the downgrading of evidence
due to unclarity, we encourage authors of future studies to
report their study details transparently, and in detail (e.g. study

design, level and procedure of randomisation and participant
allocation, noteworthy group characteristics, neurofeedback
technology and parameters, treatment duration, conflict of
interest, likelihood of allegiance bias).
5. Robust experimental design. Conclusions of a meta-analysis
may reflect methodological weaknesses, rather than those of
EEG neurofeedback in the treatment of executive functions for
children with neurodevelopmental disorders (Cortese 2016).
Existing studies vary in study design (e.g. RCT; non-randomised
studies) and study particulars (e.g. population, neurofeedback
technology, comparators and outcome measures). The
standardisation of EEG neurofeedback training protocols for
particular neurodevelopmental diagnoses, or for a specific
subset of problems (e.g. poor inhibitory functioning) has
not been established, and blinding or placebo-expectancy
effects were not implemented. In order to work towards a
uniform evidence base of robust experimental design for EEG
neurofeedback, we encourage researchers to refer to the CREDnf checklist (Consensus on thereporting and experimental
design of clinical and cognitive-behavioural neurofeedback
studies checklist) during the planning stages of their research
(Ros 2019).
6. Translational research pathway. Following on from item
2 is the notion that the EEG neurofeedback community is
encouraged to work together to address the question of
the effectiveness of EEG neurofeedback for children with
neurodevelopmental challenges from different vantage points
(e.g. the effectiveness of EEG neurofeedback expressed via the
mechanistic pathways of change, or via persistent, predictable
symptomatic changes).

ACKNOWLEDGEMENTS
We would like to sincerely thank the members of the Cochrane
Developmental Psychosocial and Learning Problems Group,
notably Dr Joanne Duffield, Professor Geraldine Macdonald,
Margaret Anderson, and Gemma O’Loughlin (former Assistant
Managing Editor) for processing our application and for providing
helpful advice during writing of this review. We also extend our
thanks to Margaret Solosy and Jean Coleman from Murdoch
University for their support in drafting a search strategy. We thank
Ulrike Priegnitz for her help with the screening of studies (Selection
of studies), and Sabrina Daniell for her help during the screening
of studies, full-text review, and data extraction. We extend our
appreciation and thanks to Alice Feng and Elizabeth Seil for their
help with the screening, full-text review, and data extraction of
two Chinese studies. Finally, we extend our sincerest thanks to Dr
Martijn Arns, for his helpful comments on earlier versions of this
review. We also thank Dr Ute Strehl for her helpful comments on this
version of the review.

39

REFERENCES
References to studies included in this review
Arnold 2013 (Banaschewski et al.)
Arnold L. Meta analysis, data enquiry [personal
communication]. Email to: J Landes and C Reid 10 January
2018, 30 May 2018, 07 November 2019, 09 November 2019, 15
January 2020.
Arnold LE, Lofthouse N, Hersch S, Pan X, Hurt E, Bates B,
et al. EEG neurofeedback for ADHD: double-blind shamcontrolled randomized pilot feasibility trial. Journal of Attention
Disorders 2013;17(5):410-9. [DOI: 10.1177/1087054712446173]
[PMC3939717 ] [PMID: 22617866]
Landes JK. Meta analysis, data enquiry [personal
communication]. Email to: L Arnold, J Pan and C Reid 10
January 2018, 30 May 2018, 06 November 2019, 08 November
2019, 11 November 2019, 13 November 2019, 15 November
2019, 15 January 2020, 16 January 2020, 18 January 2020, 23
February 2020.
Pan J. Meta analysis, data enquiry [personal communication].
Email to: L Arnold, J Landes and C Reid 13 November 2019, 17
January 2020.
Bazanova 2018 {published and unpublished data}
Bazanova OM, Auer T, Sapina EA. On the efficiency of
individualized theta/beta ratio neurofeedback combined with
forehead EMG training in ADHD children. Frontiers in Human
Neuroscience 2018;12:3. [DOI: 10.3389/fnhum.2018.00003]
[PMC5785729] [PMID: 29403368]
Bazanova OM. Meta analysis, further information, enquiry
[personal communication]. Email to: JK Landes and C Reid 27
February 2020, 04 March 2020, 05 March 2020, 16 May 2020.
Landes JK. Meta analysis, further information, enquiry
[personal communication]. Email to: OM Bazanoba and C Reid
08 November 2019, 25 February 2020, 27 February 2020, 05
March 2020, 16 May 2020, 17 May 2020.
Beauregard 2006 {published and unpublished data}
Beauregard M, Lévesque J. Functional magnetic resonance
imaging investigation of the effects of neurofeedback training
on the neural bases of selective attention and response
inhibition in children with attention-deficit/hyperactivity
disorder. Applied Psychophysiology and Biofeedback
2006;31(1):3-20. [DOI: 10.1007/s10484-006-9001-y] [PMID:
16552626]
Landes JK. Paper enquiry/clarification [personal
communication]. Email to: J Levesque, M Beauregard and C
Reid 25 April 2019, 11 November 2019.
Landes JK. Paper enquiry/clarification [personal
communication]. Email to: M Beauregard, N Lessard and C Reid
14 March 2019.
Levesque J. Paper enquiry/clarification [personal
communication]. Email to: T Ros, M Beauregard, J Landes, C
Reid and M Anderson 27 March 2019.

Ros T. Paper enquiry/clarification [personal communication].
Email to: M Beauregard, J Levesque, J Landes, C Reid and M
Anderson 27 March 2019.
Christiansen 2014 {published and unpublished data}
Christiansen H, Reh V, Schmidt M H, Rief W. Slow cortical
potential neurofeedback and self-management training in
outpatient care for children with ADHD: study protocol and
first preliminary results of a randomized controlled trial.
Frontiers in Human Neuroscience 2014;8:943. [DOI: 10.3389/
fnhum.2014.00943] [PMC4244863 ] [PMID: 25505396]
Christiansen H. Meta analysis, data enquiry [personal
communication]. Email to: J Landes 13 January 2020.
Landes JK. Meta analysis, data enquiry [personal
communication]. Email to: H Christiansen and C Reid 07
January 2020, 25 February 2020.
DeBeus 2011 {published data only}
* DeBeus RJ, Kaiser DA. Neurofeedback with children with
attention deficit hyperactivity disorder: a randomized doubleblind placebo-controlled study. In: Coben R, Evans JR,
editors(s). Neurofeedback and Neuromodulation Techniques
and Applications. London (UK): Academic Press, 2011:127-52.
[DOI: 10.1016/B978-0-12-382235-2.00005-6]
Landes JK. Meta analysis, paper enquiry [personal
communication]. Email to: R DeBeus and C Reid 27 March 2018,
11 November 2019.
Dobrakowski 2020 {published and unpublished data}
Dobrakowski P, Grażyna Ł. Individualized neurofeedback
training may help achieve long-term improvement of working
memory in children with ADHD. Clinical EEG and Neuroscience
2020;51(2):94-101. [DOI: 10.1177/1550059419879020]
Landes JK. Meta analysis, data enquiry [personal
communication]. Email to: P Dobrakowski, C Reid 11 May 2020.
Duric 2012 {published data only}
Duric NS, Aßmus J, Elgen IB. Self-reported efficacy of
neurofeedback treatment in a clinical randomized controlled
study of ADHD children and adolescents. Neuropsychiatric
Disease and Treatment 2014;10:1645-54. [DOI: 10.2147/
NDT.S66466] [PMC4159126 ] [PMID: 25214789]
Duric NS, Assmus J, Gundersen D, Duric Golos A, Elgen IB.
Multimodal treatment in children and adolescents with
attention-deficit/hyperactivity disorder: a 6-month followup. Nordic Journal of Psychiatry 2017;71(5):386-94. [DOI:
10.1080/08039488.2017.1305446] [PMID: 28345387]
Duric NS, Assmus J, Gundersen D, Elgen IB. Neurofeedback
for the treatment of children and adolescents with ADHD: a
randomized and controlled clinical trial using parental reports.
BMC Psychiatry 2012;12:107. [DOI: 10.1186/1471-244X-12-107]
[PMC3441233 ] [PMID: 22877086]

40

Geladé 2016 {published and unpublished data}
Geladé K, Bink M, Janssen TW, Van Mourik R, Maras A,
Oosterlaan J. An RCT into the effects of neurofeedback on
neurocognitive functioning compared to stimulant medication
and physical activity in children with ADHD. European Child
+ Adolescent Psychiatry 2017;26(4):457-68. [DOI: 10.1007/
s00787-016-0902-x] [PMC5364239 ] [PMID: 27665293]
Geladé K, Janssen TW, Bink M, Van Mourik R, Maras A,
Oosterlaan J. Behavioral effects of neurofeedback compared
to stimulants and physical activity in attention-deficit/
hyperactivity disorder: a randomized controlled trial. Journal
of Clinical Psychiatry 2016;77(10):e1270-7. [DOI: 10.4088/
JCP.15m10149] [PMID: 27631143]
Geladé K, Janssen TWP, Bink M, Twisk JWR, Van Mourik R,
Maras A, et al. A 6-month follow-up of an RCT on behavioral and
neurocognitive effects of neurofeedback in children with ADHD.
European Child + Adolescent Psychiatry 2018;27(5):581-93. [DOI:
10.1007/s00787-017-1072-1] [PMID: 29098467]
Geladé KJI. A 6-month follow-up of neurofeedback in children
with ADHD: exploring effects on EEG power spectra. In:
Neurofeedback in Children with ADHD: Behavioral and
Neurocognitive Treatment Results Post-Intervention and at
Follow-Up [PhD thesis]. Amsterdam (NL): VU Amsterdam,
2019:93-116. [ISBN 978-94-028-1459-0]

Johnstone SJ, Roodenrys SJ, Johnson K, Bonfield R, Bennett SJ.
Game-based combined cognitive and neurofeedback training
using Focus Pocus reduces symptom severity in children
with diagnosed AD/HD and subclinical AD/HD. International
Journal of Psychophysiology 2017;116:32-44. [DOI: 10.1016/
j.ijpsycho.2017.02.015] [PMID: 28257875]
Landes JK. Meta analysis, data enquiry [personal
communication]. Email to: S Johnstone and C Reid 28
November 2019, 03 December 2019, 05 December 2019, 09
January 2020.
Kouijzer 2010 {published and unpublished data}
Kouijzer MEJ, Van Schie HT, De Moor JMH, Gerrits BJL,
Buitelaar JK. Neurofeedback treatment in autism. Preliminary
findings in behavioral, cognitive, and neurophysiological
functioning. Research in Autism Spectrum Disorders
2010;4(3):386-99. [DOI: 10.1016/j.rasd.2009.10.007]
Kouijzer MEJ. Data enquiry meta analysis [personal
communication]. Email to: J Landes and C Reid 27 January
2020, 28 February 2020, 22 May 2020, 23 May 2020.
Landes JK. Data enquiry meta analysis [personal
communication]. Email to: MEJ Kouijzer and C Reid 28
November 2019, 27 January 2020, 05 March 2020, 16 March
2020, 23 May 2020.

Janssen TWP, Bink M, Geladé K, Van Mourik R, Maras A,
Oosterlaan J. A randomized controlled trial into the effects
of neurofeedback, methylphenidate, and physical activity on
EEG power spectra in children with ADHD. Journal of Child
Psychology and Psychiatry 2016;57(5):633-44. [DOI: 10.1111/
jcpp.12517] [PMID: 26748531]

Kouijzer 2013 {published and unpublished data}

Janssen TWP, Bink M, Geladé K, Van Mourik R, Maras A,
Oosterlaan J. A randomized controlled trial investigating the
effects of neurofeedback, methylphenidate, and physical
activity on event-related potentials in children with attentiondeficit/hyperactivity disorder. Journal of Child and Adolescent
Psychopharmacology 2016;26(4):344-53. [DOI: 10.1089/
cap.2015.0144] [PMID: PMID26771913]

Lee 2017 {published data only}
Landes JK. Clarification for the purpose of a meta analysis
[personal communication]. Email to: CH Jung 13 March 2019, 09
January 2020.

Janssen TWP. Meta analysis, data enquiry [personal
communication]. Email to: J Landes and C Reid 30 April 2018, 08
January 2020, 09 January 2020.
Landes JK. Meta-analysis, data enquiry [personal
communication]. Email to: TWP Janssen and C Reid 30 April
2018, 08 January 2020, 09 January 2020,.
Heinrich 2004 {published data only}
Heinrich H, Gevensleben H, Freisleder FJ, Moll GJ,
Rothenberger A. Training of slow cortical potentials in
attention-deficit/hyperactivity disorder: evidence for positive
behavioral and neurophysiological effects. Biological Psychiatry
2004;55(7):772-5. [DOI: 10.1016/j.biopsych.2003.11.013] [PMID:
15039008]
Johnstone 2017 {published and unpublished data}
Johnstone 2019. Data enquiry meta analysis [personal
communication]. Email to: J Landes and C Reid 2 December
2019, 04 December 2019, 09 December 2019.

Kouijzer MEJ, Van Schie HT, Gerrits BJL, Buitelaar JK, De
Moor JMH. Is EEG-biofeedback an effective treatment in autism
spectrum disorders? A randomized controlled trial. Applied
Psychophysiology and Biofeedback 2013;38(1):17-28. [DOI:
10.1007/s10484-012-9204-3] [PMID: 22903518]

Lee EJ, Jung CH. Additive effects of neurofeedback on
the treatment of ADHD: a randomized controlled study.
Asian Journal of Psychiatry 2017;25:16-21. [DOI: 10.1016/
j.ajp.2016.09.002] [PMID: 28262140]
Liao 2015 {published data only}
Badcock N. [personal communication]. Automated request in
www.researchgate.net to: YC Liao, NW Guo, SJ Chen, HF Tsai, BY
Su 1 August 2019.
Liao Y-C, Guo N-W, Chen S-J, Tsai H-F, Su B-Y. The effectiveness
of neurofeedback-based neuropsychotherapy on improving
meta-attention functions for children with ADHD. Bulletin
of Educational Psychology 2015;47(2):281-304. [10.6251/
BEP.20150302]
Liao YC. [personal communication]. Automated request via
www.researchgate.net to: N Badcock 25 October 2019.
Lim 2019 {unpublished data only}
Landes JK. Meta analysis, data enquiry [personal
communication]. Email to: CG Lim 16 May 2020.

41

Lim CD, Poh XWW, Fung SSD, Guan C, Bautista D, Cheung YB,
et al. A randomized controlled trial of a brain-computer
interface based attention training program for ADHD. Plos one
2019;14(5):1-16. [DOI: 10.1371/journal.pone.0216225]
Meisel 2013 {published data only}
Landes JK. Meta analysis, further information [personal
commmunication]. Email to: I Moreno and C Reid 01 June 2020.
Meisel V, Servera M, Garcia-Banda G, Cardo E, Moreno I.
Neurofeedback and standard pharmacological intervention
in ADHD: a randomized controlled trial with six-month followup. Biological Psychology 2013;94(1):12-21. [DOI: 10.1016/
j.biopsycho.2013.04.015] [PMID: 23665196]
Moreno-Garcia 2015 {published and unpublished data}
Landes JK. Meta analysis, data enquiry [personal
communication]. Email to: I Moreno-Garcia 30 April 2018.
Moreno-García I, Delgado-Pardo G, Camacho-Vara de Rey C,
Meneres-Sancho S, Servera-Barceló M. Neurofeedback,
pharmacological treatment and behavioral therapy in
hyperactivity: multilevel analysis of treatment effects on
electroencephalography. International Journal of Clinical
and Health Psychology 2015;15(3):217-25. [DOI: 10.1016/
j.ijchp.2015.04.003] [PMC6224854] [PMID: 30487839]
Moreno-Garcia I, Meneres-Sancho S, Camacho-Vara de Rey C,
Servera M. A Randomized Controlled Trial to Examine the
Posttreatment Efficacy of Neurofeedback, Behavior Therapy,
and Pharmacology on ADHD Measures. Journal of Attention
Disorders 2019;23(4):374-83. [DOI: 10.1177/1087054717693371]
Moreno-Garcia I. Meta analysis, data enquiry [personal
communication]. Email to: J Landes 10 May 2018.
Rajabi 2019 {published data only}
Rajabi S, Pakize A, Moradi N. Effect of combined neurofeedback
and game-based cognitive training on the treatment of ADHD:
A randomized controlled study. Applied Neuropsychology: Child
2019;9(3):1-13. [DOI: 10.1080/21622965.2018.1556101] [ISSN
2162-2965 (Print)] [ISSN 2162-2973 (Online)]
Shereena 2018 {published data only}
J Rajeswaran. Meta analysis, data enquiry [personal
communication]. Email to: JK Landes 23 May 2020.
Landes JK. Meta analysis, data enquiry [personal
communication]. Email to: J Rajeswaran and C Reid 16 May
2020, 24 May 2020.
Shereena EA, Gupta RK, Bennett CN, Sagar KJV, Rajeswaran J.
EEG neurofeedback training in children with Attention Deficit/
Hyperactivity Disorder: a cognitive and behavioural outcome
study. Clinical EEG and Neuroscience 2018;50(4):242-55. [DOI:
10.1177/1550059418813034] [ISSN: 2169-5202]
Sudnawa 2018 {published data only}
Sudnawa KK, Chirdkiatgumchai V, Ruangdaraganon N,
Khongkhatithum C, Udomsubpayakul U, Jirayucharoensak S,
et al. Effectiveness of neurofeedback versus medication for
attention-deficit/ hyperactivity disorder. Pediatrics International
2018;60(9):828-34. [DOI: 10.1111/ped.13641] [PMID: 29931709]

Van Dongen-Boomsma 2013 {published data only}
Lansbergen MM, Van Dongen-Boomsma M, Buitelaar JK, SlaatsWillemse D. ADHD and EEG-neurofeedback: a double-blind
randomized placebo-controlled feasibility study. Journal
of Neural Transmission 2011;118(2):275-84. [DOI: 10.1007/
s00702-010-0524-2] [PMCID: PMC3051071 ] [PMID: 21165661]
Van Dongen-Boomsma M, Vollbregt MA, Slaats-Willemse D,
Buitelaar JK. A randomized placebo-controlled trial of
electroencephalographic (EEG) neurofeedback in children with
attention-deficit/hyperactivity disorder. Journal of Clinical
Psychiatry 2013;74(8):821-7. [DOI: 10.4088/JCP.12m08321]
[PMID: 24021501]
Van Dongen-Boomsma M, Vollebregt MA, Slaats-Willemse D,
Buitelaar JK. Efficacy of frequency-neurofeedback and
Cogmed JM-working memory training in children with ADHD
[Effectiviteit van frequentieneurofeedback en Cogmed JMwerkgeheugentraining bij kinderen met ADHD]. Tijdschrift voor
Psychiatrie 2015;57(7):508-16. [PMID: 26189419]
Vollebregt MA, Van Dongen-Boomsma M, Buitelaar JK, SlaatsWillemse D. Does EEG-neurofeedback improve neurocognitive
functioning in children with attention-deficit/hyperactivity
disorder? A systematic review and a double-blind placebocontrolled study. Journal of Child Psychology and Psychiatry
2014;55(5):460-72. [DOI: 10.1111/jcpp.12143] [PMID: PMID:
24168522]

References to studies excluded from this review
Bluschke 2018 {published data only}
Bluschke A, Friedrich J, Schreiter ML, Roessner V, Beste C. A
comparative study on the neurophysiological mechanisms
underlying effects of methylphenidate and neurofeedback on
inhibitory control in attention deficit hyperactivity disorder.
NeuroImage Clinical 2018;20:1191-203. [DOI: 10.1016/
j.nicl.2018.10.027]
Carrick 2018 {published data only}
Carrick FR, Pagnacco G, Hankir A, Abdulrahman M, Zaman R,
Kalambaheti ER. The treatment of autism spectrum disorder
with auditory neurofeedback: a randomized placebo controlled
trial using the Mente Autism device. Frontiers in Neurology
2018;9:537. [DOI: 10.3389/fneur.2018.00537]
Chen 2018 {published data only}
Chen J, Liu X, Zhang D. Evaluation of combined effects of
brain electronic biofeedback training and psycho-behavior
intervention in ADHD affected children. Minerva Pediatrica
2018;70(4):355-9. [DOI: 10.23736/S0026-4946.17.04774-0]
Hartmut 2020 {published data only}
Hartmut H, Gevensleben H, Becker A, Rothenberger A. Effect
of neurofeedback on the dysregulation profile in children
with ADHD: SCP NF meets SDQ-DP - a retrospective analysis.
Psychological Medicine 2020;50(2):258-63. [DOI: 10.1017/
S0033291718004130] [ISSN 1469-8978]

42

Hernández 2016 {published data only}
Hernández DE, Marqués JG, Alvardo JM. Effect of the Theta-Beta
Neurofeedback Protocol as a Function of Subtype in Children
Diagnosed with Attention Deficit Hyperactivity Disorder. The
Spanish Journal of Psychology 2016;19(e30):1-10. [DOI: 10.1017/
sjp.2016.31]

References to studies awaiting assessment
DeBeus 2004 {published data only}
C Reid. Meta analysis, paper enquiry [personal communication].
Email to: R deBeus and JK Landes 27 March 2018.
DeBeus R, Ball JD, DeBeus ME, Herrington R. Attention
training with ADHD children: preliminary findings in a doubleblind placebo-controlled study. Journal of Neurotherapy
2004;8(2):145-7. [DOI: 10.1300/J184v08n02_13]
Landes JK. Meta analysis, paper enquiry [personal
communication]. Email to: R DeBeus 2018.
R deBeus. Meta analysis, paper enquiry [personal
communication]. Email to: JK Landes and C Reid 27 March 2018,
29 March 2018.
Zhang 2006 {published data only}
Landes JK. [personal communication]. Automated request via
www.researchgate.net to: FH Zhang, JS Zhang and XM Jin 27
February 2020.
Zhang F-H, Zhang J-S, Jin X-M. Effect of electroencephalogram
biofeedback on behavioral problems of children with attention
deficit hyperactivity disorder. Chinese Journal of Clinical
Rehabilitation 2006;10(10):74-6.

References to ongoing studies
IRCT138804132000N2 {published data only}
IRCT138804132000N2. Effectiveness of neurofeedback versus
methylphenidate in the treatment of children with attention
deficit hyperactivity disorder. en.irct.ir/trial/1599 (first received
15 February 2013).
NCT02251743 {published data only}
NCT02251743. Double-blind 2-site randomized clinical trial of
neurofeedback for ADHD. clinicaltrials.gov/ct2/show/study/
NCT02251743 (first received 17 September 2014).
NCT02778360 {published data only}
Bioulac S, Purper-Ouakil D, Ros T, Blasco-Fontecilla H,
Prats M, Mayaud L, et al. Personalized at-home neurofeedback
compared with long-acting methylphenidate in an European
non-inferiority randomized trial in children with ADHD.
Biomedical Centre of Psychiatry 2019;19(1):237-50. [DOI:
10.1186/s12888-019-2218-0]
NCT02778360. Effectiveness of a Personalized Neurofeedback
Training Device (ADHD@Home) in Attention-Deficit/
Hyperactivity Disorder (Newrofeed). clinicaltrials.gov/ct2/show/
NCT02778360 (first received 16 May 2016).

Additional references
Ageranioti-Bélanger 2012
Ageranioti-Bélanger S, Brunet S, D'Anjou G, Tellier G, Boivin J,
Gauthier M. Behaviour disorders in children with an intellectual
disability. Paediatrics & Child Health 2012;17(2):84-8. [PMID:
PMC3299352]
AIHW 2011
Australian Institute of Health and Welfare. Australian
Burden of Disease Study: impact and cause of illness and
death in Australia 2011. www.aihw.gov.au/WorkArea/
DownloadAsset.aspx?id=60129555476 (accessed 27 July 2016).
Alloway 2006
Alloway TP, Gathercole SE, Pickering SJ. Verbal and visuospatial
short-term and working memory in children: are they
separable? Child Development 2006;77(6):1698-716. [DOI:
10.1111/j.1467-8624.2006.00968.x] [PMID: 17107455]
APA 1994
American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV). 4th edition. Washington
(DC): American Psychiatric Association, 1994.
APA 2000
American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV-TR). 4th (text revised)
edition. Washington (DC): American Psychiatric Association,
2000.
APA 2013
American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders (DSM-5). 5th edition. Washington
(DC): American Psychiatric Association, 2013.
Avila 2004
Avila C, Cuenca I, Félix V, Parcet MA, Miranda A. Measuring
impulsivity in school-aged boys and examining its
relationship with ADHD and ODD ratings. Journal of Abnormal
Child Psychology 2004;32(3):295-304. [DOI: 10.1023/
B:JACP.0000026143.70832.4b] [PMID: 15228178]
Baddeley 1992
Baddeley A. Working memory. Science 1992;255(5044):556-9.
[DOI: 10.1126/science.1736359]
Bagdasaryan 2013
Bagdasaryan J, Le Van Quyen M. Experiencing your brain:
neurofeedback as a new bridge between neuroscience
and phenomenology. Frontiers in Human Neuroscience
2013;7(680):1-10. Figure, Loop of online data streaming
during Neurofeedback; p. 2. [DOI: 10.3389/fnhum.2013.00680]
[PMC3807564]
Bai 2014
Bai O, Huang D, Fei DY, Kunz R. Effect of real-time cortical
feedback in motor imagery-based mental practice training.
NeuroRehabilitation 2014;34(2):355-63. [DOI: 10.3233/
NRE-131039] [PMID: 24401829]

43

Banaschewski 2006
Banaschewski T, Coghill D, Santosh P, Zuddas A, Asherson P,
Buitelaar J, et al. Long-acting medications for the
hyperkinetic disorders. A systematic review and European
treatment guideline. European Child & Adolescent Psychiatry
2006;15(8):476-95. [DOI: 10.1007/s00787-006-0549-0] [PMID:
16680409]
Bard 2013
Bard DE, Wolraich ML, Neas B, Doffing M, Beck L. The
psychometric properties of the Vanderbilt Attention-Deficit
Hyperactivity Disorder Diagnostic Parent Rating Scale
in a community population. Journal of Developmental
& Behavioral Pediatrics 2013;34(2):72-82. [DOI: 10.1097/
DBP.0b013e31827a3a22] [PMID: 23363972]
Bari 2013
Bari A, Robbins TW. Inhibition and impulsivity: behavioral and
neural basis of response control. Progress in Neurobiology
2013;108:44-79. [DOI: 10.1016/j.pneurobio.2013.06.005] [PMID:
23856628]
Barkley 1997
Barkley RA. Behavioral inhibition, sustained attention, and
executive functions: constructing a unifying theory of ADHD.
Psychological Bulletin 1997;121(1):65-94. [PMID: 9000892]
Beatty 1974
Beatty J, Greenberg A, Deibler WP, O'Hanlon JF. Operant
control of occipital theta rhythm affects performance in a radar
monitoring task. Science 1974;183(4127):871-3. [DOI: 10.1126/
science.183.4127.871] [4810845]
Begemann 2016
Begemann MJH, Florisse EJR, van Lutterveld R, Kooyman M,
Sommer IE. Efficacy of EEG neurofeedback in psychiatry: a
comprehensive overview and meta-analysis. Translation Brain
Rhythmicity 2016;1(1):19-29. [DOI: 10.15761/TBR.1000105]
Berginström 2015
Berginström N, Johansson J, Nordström P, Nordström A.
Attention in older adults: a normative study of the integrated
visual and auditory continuous performance test for persons
aged 70 years. The Clinical Neuropsychologist 2015;29:595-610.
[DOI: 10.1080/ 13854046.2015.1063695]
Bishop 2007
Bishop DVM. Curing dyslexia and attention-deficit hyperactivity
disorder by training motor co-ordination: miracle or myth?
Journal of Paediatrics and Child Health 2007;43(10):653-5. [DOI:
10.1111/j.1440-1754.2007.01225.x] [PMC2835859] [UKMS28929]
Bishop 2008
Bishop D, Rutter M. Chapter 3. Neurodevelopmental disorders:
conceptual issues. In: Rutter D, Bishop DVM, Pine DS, Scott
S, Stevenson J, Taylor E, et al, editors(s). Rutter's Child and
Adolescent Psychiatry. 5th edition. Oxford (UK): Blackwell
Publishing Ltd, 2008:32-41. [DOI: 10.1002/9781444300895.ch3]

Bishop 2010
Bishop DVM. Which neurodevelopmental disorders get
researched and why? PLoS One 2010;5(11):e15112. [DOI:
10.1371/journal.pone.0015112] [PMC2994844] [PMID: 21152085]
Blasi 2006
Blasi G, Goldberg TE, Weickert T, Das S, Kohn P, Zoltick B, et al.
Brain regions underlying response inhibition and interference
monitoring and suppression. European Journal of Neuroscience
2006;23(6):1658-64. [DOI: 10.1111/j.1460-9568.2006.04680.x]
[PMID: 16553630]
Botvinick 2001
Botvinick MM, Braver TS, Barch DM, Carter CS, Cohen JD.
Conflict monitoring and cognitive control. Psychological Review
2001;108(3):624-52. [PMID: 11488380]
Bower 2007
Bower C, Rudy E, Callaghan A, Cosgrove P, Quick J, Nassar N.
Report of the Birth Defects Registry of Western Australia
1980-2006. Perth (Western AU): Birth Defects Registry, 2007.
Brown 2010
Brown L. The Prevalence of Fragile X-Associated Disorders in
Australia. Canberra (AU): NATSEM, University of Canberra, 2010.
Brydges 2012
Brydges CR, Reid CL, Fox AM, Anderson M. A unitary executive
function predicts intelligence in children. Intelligence
2012;40(5):458-69. [DOI: dx.doi.org/10.1016/j.intell.2012.05.006]
Brydges 2014a
Brydges CR, Fox AM, Reid CL, Anderson M. The differentiation of
executive functions in middle and late childhood: a longitudinal
latent-variable analysis. Intelligence 2014;47:34-43. [DOI:
dx.doi.org/10.1016/j.intell.2014.08.010]
Brydges 2014b
Brydges CR, Fox AM, Reid CL, Anderson M. Predictive validity
of the N2 and P3 ERP components to executive functioning
in children: a latent-variable analysis. Frontiers in Human
Neuroscience 2014;8:1-10. [DOI: 10.3389/fnhum.2014.00080]
[PMC3929846]
Bush 1999
Bush G, Frazier JA, Rauch SL, Seidman LJ, Whalen PJ, Jenike MA,
et al. Anterior cingulate cortex dysfunction in attention-deficit
hyperactivity disorder revealed by fMRI and the Counting
Stroop. Biological Psychiatry 1999;45(12):1542-52. [DOI:
10.1016/s0006-3223(99)00083-9] [PMID: 10376114]
Chen 2007
Chen YH. Wechsler intelligence scale for children-fourth edition
(WISC-IV) Chinese version: administration and scoring manual.
Taipai, Taiwan: Chinese Behavioural Science, 2007.
Coffee 2009
Coffee B, Keith K, Albizua I, Malone T, Mowrey J, Sherman SL,
et al. Incidence of fragile X syndrome by newborn screen
for methylated FMR1 DNA. American Journal of Human

44

Genetics 2009;85(4):503-14. [DOI: 10.1016/j.ajhg.2009.09.007]
[PMC2756550] [PMID: 19804849]
Coghill 2015
Coghill D. Commentary: we've only just begun: unravelling
the underlying genetics of neurodevelopmental disorders - a
commentary on Kiser et al (2015). Journal of Child Psychology
and Psychiatry 2015;56(3):296-8. [DOI: 10.1111/jcpp.12399]
[PMID: 25714739]
Conners 1970
Conners CK. Symptom patterns in hyperkinetic, neurotic, and
normal children. Chid Development 1970;41(3):667-82. [DOI:
10.1111/j.1467-8624.1970.tb01022.x]
Conners 1997
Conners CK, Wells KC, Parker JDA, Sitarenios G, Diamond JM,
Powell JW. A new self-report scale for the assessment of
adolescent psychopathology: factor structure, reliability,
validity and diagnostic sensitivity. Journal of Abnormal Child
Psychology 1997;25(6):487-97. [DOI: 10.1023/a:1022637815797]
[PMID: 9468109 ]
Conners 2002a
Conners CK. Conners' Parent Rating Scale - Revised (CPRS-R).
Toronto (ON): Multi-Health Systems Inc, 2002.
Conners 2002b
Conners CK. Conners' Teacher Rating Scale - Revised (CTRS-R).
Toronto (ON): Multi-Health Systems Inc, 2002.
Conners 2008
Conners CK. Conners 3: Manual. 3rd edition. North Tonawanda
(NY): Multi-Health Systems Inc, 2008.
Conners 2011
Conners CK, Pitkanen J, Rzepa SR. Conners
Comprehensive Behavior Rating Scale. In: Kreutzer
JS, DeLuca J, Caplan B, editors(s). Encyclopedia of
Clinical Neuropsychology. 3rd edition. New York
(NY): Springer, 2011:678-80. [link.springer.com/
referenceworkentry/10.1007/978-0-387-79948-3_1536]
Cortese 2016
Cortese S, Ferrin M, Brandeis D, Holtmann M, Aggensteiner P,
Daley D, et al. Neurofeedback for attention-deficit/
hyperactivity disorder: meta-analysis of clinical and
neuropsychological outcomes from randomized controlled
trials. Journal of American Academy of Child and Adolescent
Psychiatry 2016;55(6):444-5. [DOI: https://doi.org/10.1016/
j.jaac.2016.03.007]
Covidence 2017 [Computer program]
Veritas Health Innovation Covidence. Version accessed
10 September 2017. Melbourne, Australia: Veritas Health
Innovation, 2017. Available at covidence.org.
Crawford 2002
Crawford DC, Meadows KL, Newman JL, Taft LF, Scott E,
Leslie M, et al. Prevalence of the fragile X syndrome in
African-Americans. American Journal of Medical Genetics

2002;110(3):226-33. [DOI: 10.1002/ajmg.10427] [PMID:
12116230]
Cuthbert 2010
Cuthbert BN, Insel TR. Toward new approaches to psychotic
disorders: the NIMH research domain criteria project.
Schizophrenia Bulletin 2010;36(6):1061-2. [DOI: 10.1093/schbul/
sbq108] [PMC2963043]
Darling 2019
Darling KE, Benore ER, Webster EE. Biofeedback in pediatric
populations: a systematic review and meta-analysis of
treatment outcomes. Translational Behavioural Medicine
2019;ibiz124. [DOI: 10.1093/tbm/ibz124]
Daunhauer 2014
Daunhauer LA, Fidler DJ, Hahn L, Will E, Lee NR, Hepburn S.
Profiles of everyday executive functioning in young children
with Down syndrome. American Journal on Intellectual
and Developmental Disabilities 2014;119(4):303-18. [DOI:
10.1352/1944-7558-119.4.303] [PMC4512669] [PMID: 25007296]
Davidson 2006
Davidson MC, Amso D, Anderson LC, Diamond A. Development
of cognitive control and executive functions from 4 to 13 years:
evidence from manipulations of memory, inhibition, and
task switching. Neuropsychologia 2006;44(11):2037-78. [DOI:
10.1016/j.neuropsychologia.2006.02.006]
Davis 2009
Davis MC, Luecken L, Lemery-Chalfant K. Resilience in common
life: introduction to the special issue. Journal of Personality
2009;77(6):1637-44. [DOI: 10.1111/j.1467-6494.2009.00595.x]
[PMID: 19796066]
De Sonneville 1999
De Sonneville LMJ. Amsterdam Neuropsychological Tasks: a
computer-aided assessment program. In: Den Brinker BPLM,
Beek PL, Brand AN, Maarse FJ, Mulder LJM, editors(s). Cognitive
Ergonomics, Clinical Assessment and Computer-assisted
Learning. Vol. 6. Lisse (NL): Swets & Zeitlinger, 1999:187-203.
Deeks 2011
Deeks JJ, Higgins JPT, Altman DG (editors). Chapter 10:
Analysing data and undertaking meta-analyses. In: Higgins
JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch
VA (editors). Cochrane Handbook for Systematic Reviews of
Interventions Version 6.0 (updated in July 2019). Cochrane,
2019. Available from www.training.cochrane.org/handbook.
Deiber 2007
Deiber MP, Missonnier P, Bertrand O, Gold G, Fazio-Costa L,
Ibañez V, et al. Distinction between perceptual and attentional
processing in working memory tasks: a study of phaselocked and induced oscillatory brain dynamics. Journal of
Cognitive Neuroscience 2007;19(1):158-72. [DOI: 10.1162/
jocn.2007.19.1.158] [PMID: 17214572]

45

Donchin 1988
Donchin E, Coles MGH. Is the P300 component a manifestation
of context updating. Behavioural and Brain Sciences
1988;11(3):357-427. [DOI: 10.1017/S0140525X00058027]
Doyle 2015
Doyle AE. Commentary: insights from across diagnostic
boundaries: ADHD in RDoC era - a commentary on Scerif
and Baker (2015). Journal of Child Psychology and Psychiatry
2015;56(3):274-7. [DOI: 10.1111/jcpp.12401] [PMID: 25714738]
DuPaul 1991
DuPaul GJ. Parent and teacher ratings of ADHD symptoms:
psychometric properties in a community-based sample. Journal
of Clinical Child and Adolescent Psychology 1991;20:245-53. [DOI:
10.1207/s15374424jccp2003_3]
DuPaul 1998
DuPaul GJ, Power TJ, Anastopoulos AD, Reid R. ADHD Rating
Scale IV: Checklists, Norms and Clinical Interpretation. New York
(NY): Guilford, 1998. [DOI: 10.1177/0734282905285792]
Duric 2014
Duric NS, Aßmus J, Elgen IB. Self-reported efficacy of
neurofeedback treatment in a clinical randomized controlled
study of ADHD children and adolescents. Neuropsychiatric
Disease and Treatment 2014;10:1645-54. [DOI: 10.2147/
NDT.S66466] [PMC4159126 ] [PMID: 25214789]
Döpfner 1999
Döpfner M, Berner W, Flechtner H, Lehmkuhl G, Steinhausen
H-C. Psychopathologisches Befund-System für Kinder
und Jugendliche (CASCAP-D): Befundbogen, Glossar und
Explorations-leitfaden. Göttingen (DE): Hogrefe, 1999.
Döpfner 2000
Döpfner M, Lehmkuhl G. Diagnostik-System für Psychische
Störungen im Kindes - und Jugendalter nach ICD-10 und DSM-IV
(DISYPS-KY). Bern (CH): Hans Huber, 2000.
Egger 1997
Egger M, Davey Smith G, Schneider M, Minder C. Bias
in meta-analysis detected by a simple, graphical test.
BMJ 1997;315(7109):629-34. [DOI: dx.doi.org/10.1136/
bmj.315.7109.629] [PMC2127453] [PMID: 9310563]
Egner 2001
Egner T, Gruzelier JH. Learned self-regulation of EEG frequency
components affects attention and event-related brain
potentials in humans. Neuroreport 2001;12(18):4155-9. [PMID:
11742256]
Egner 2002
Egner T, Strawson E, Gruzelier JH. EEG signature and
phenomenology of alpha/theta neurofeedback training versus
mock feedback. Applied Psychophysiology and Biofeedback
2002;27(4):261-70. [PMID: 12557453]
Engelbregt 2016
Engelbregt HJ, Keeser D, van Eijk L, Suiker EM, Eichhorn D,
Karch S, et al. Short and long-term effects on sham-controlled

prefrontal EEG-neurofeedback training in healthy subjects.
Clinical Neurophysiology 2016;127(4):1931-7. [DOI: 10.1016/
j.clinph.2016.01.004] [PMID: 26971473]
Engle 1999
Engle RW, Tuholski SW, Laughlin JE, Conway ARA. Working
memory, short-term memory, and general fluid intelligence: a
latent-variable approach. Journal of Experimental Psychology:
General 1999;128(3):309-31. [DOI: 10.1037/0096-3445.128.3.309]
[PMID: 10513398]
Enriquez-Geppert 2017
Enriquez-Geppert S, Huster RJ, Herrman CS. EEGneurofeedback as a tool to modulate cognition and behaviour:
a review tutorial. Frontiers in Human Neuroscience 2017;11:51.
[DOI: 10.3389/fnhum.2017.00051] [PMC5319996] [PMID:
28275344]
Fabiano 2006
Fabiano GA, Pelham WE Jr, Waschbusch DA, Gnagy EM,
Lahey BB, Chronis AM et al. A practical measure of impairment:
psychometric properties of the impairment rating scale in
children with Attention Deficit Hyperactivity Disorder and
two school-based samples. Journal of Clinical Child and
Adolescent Psychiatry 2006;35(3):369-85. [DOI: 10.1207/
s15374424jccp3503_3] [PMID: 16836475]
Fabiano 2009
Fabiano GA, Pelham WE Jr, Coles EK, Gnagy EM, ChronisTuscano A, O'Connor BC. A meta-analysis of behavioural
treatments for attention-deficit/hyperactivity disorder.
Clinical Psychology Review 2009;29(2):129-40. [DOI: 10.1016/
j.cpr.2008.11.001] [PMID: 19131150]
Faraone 2008
Faraone SV. Interpreting estimates of treatment effects:
implications for managed care. P & T: a peer-reviewed journal for
formulary management 2008;33(12):700-11.
Faraone 2010
Faraone SV, Buitelaar J. Comparing the efficacy of stimulants
for ADHD in children and adolescents using meta-analysis.
European Child & Adolescent Psychiatry 2010;19(4):353-64. [DOI:
10.1007/s00787-009-0054-3] [PMID: 19763664]
Ferster 1957
Ferster CB, Skinner BF. Schedules of Reinforcement. New York
(NY): Appleton-Century-Crofts, 1957.
Franzen 1987
Franzen MD, Tishelman AC, Sharp BH, Friedman AG.
An investigation of the test-retest reliability of the
Stroop Color-Word Test across two intervals. Archives
of Clinical Neuropsychology 1987;2(3):265-72. [DOI:
10.1016/0887-6177(87)90014-X] [PMID: 14589618]
Gaffan 1995
Gaffan EA, Tsaousis I, Kemp-Wheeler SM. Researcher allegiance
and meta-analysis: the case of cognitive therapy for depression.
Journal of Consulting and Clinical Psychology 1995;63(6):966-80.
[DOI: 10.1037/0022-006X.63.6.966] [PMID: 8543719]

46

Ganguly 2013
Ganguly K, Poo MM. Activity-dependent neural plasticity from
bench to bedside. Neuron 2013;80(3):729-41. [DOI: 10.1016/
j.neuron.2013.10.028] [PMID: 24183023]
Garavan 1999
Garavan H, Ross TJ, Stein EA. Right hemispheric dominance
of inhibitory control: an event-related functional MRI study.
Proceedings of the National Academy of Sciences of the United
States of America 1999;96(14):8301-6. [PMC22229] [PMID:
10393989]
Garvey 2016
Garvey M, Avenevoli S, Anderson K. The National Institute of
Mental Health research domain criteria and clinical research
in child and adolescent psychiatry. Journal of the American
Academy of Child & Adolescent Psychiatry 2016;55(2):93-8. [DOI:
10.1016/j.jaac.2015.11.002] [PMC4724376] [PMID: 26802775]
Gau 2008
Gau SS, Shang CY, Liu SK, Lin CH, Swanson JM, Liu YC, Tu CL.
Psychometric properties of the Chinese version of the Swanson,
Nolan, and Pelham, version IV scale - parent form. International
Journal of Methods in Psychistric Research 2008;17(1):35-44.
[DOI: 10.1002/mpr.237]
Gevensleben 2012
Gevenleben H, Holl B, Albrecht B, Schlamp D, Kratz O, Struder P,
et al. Is neurofeedback an efficacious treatment for ADHD? A
randomised controlled clinical trial. Journal of Child Psychology
and Psychiatry, and Allied Disciplines 2009;50(7):780-9. [DOI:
10.1111/j.1469-7610.2008.02033.x] [PMID: 19207632]
Gevins 1993
Gevins AS, Cutillo BC. Neuroelectric evidence for distributed
processing in human working memory. Electroencephalography
and Clinical Neurophysiology 1993;87:128-43.
Gioia 2000
Gioia GA, Isquith PK, Guy SC, Kenworthy L. Behavior rating
inventory of executive function. Child Neuropsychology
2000;6(3):235-8. [DOI: 10.1076/chin.6.3.235.3152]
Glahn 2016
Glahn DC, Knowles EEM, Pearlson GD. Genetics of cognitive
control: implications for Nimh's research domain criteria
initiative. American Journal of Medical Genetics Part B:
Neuropsychiatric Genetics 2016;171(1):111-20. [DOI: 10.1002/
ajmg.b.32345]
Golden 2002
Golden CJ, Freshwater SM. Stroop Color and Word Test:
Children's Version. Wood Dale (IL): Stoelting Co, 2002.
Goldstein 2010
Goldstein S, Reynolds CR, editors. Handbook of
Neurodevelopmental and Genetic Disorders in Children. 2nd
edition. New York (NY): The Guilford Press, 2010.

GRADEpro GDT 2015 [Computer program]
McMaster University (developed by Evidence Prime) GRADEpro
GDT. Version accessed 10 May 2017. Hamilton (ON): McMaster
University (developed by Evidence Prime), 2015. Available at
gradepro.org.
Graham 2011
Graham J, Banaschewski T, Buitelaar J, Coghill D, Danckaerts M,
Dittman RW, et al. European guidelines on managing adverse
effects of medication for ADHD. European Child & Adolescent
Psychiatry 2011;20(1):17-37. [DOI: 10.1007/s00787-010-0140-6]
[PMC3012210] [PMID: 21042924]
Guo 2002
Guo NW. Comprehensive nonverbal attention and memory test
battery-instruction manual. Taipei, Taiwan: National Taiwan
Normal University.
Guo 2003
Guo NW. Cognitive neuropsychology on the assessment model
of attention- a study on the Cohen-based model. Unpublished
doctoral dissertation. National Taiwan University, Taipei,
Taiwan.
Guo 2005
Guo NW, Chen CP. Revise and application of nonverbal attention
and memory test battery. Taipei, Taiwan: Department of Social
Education Research Report.
Guy 1976
Guy W. ECDEU (early clinical drug evaluation) assessment
manual for psychopharmacology. Rockville, Maryland: U.S.
Dept. of Health, Education, and Welfare, Public Health Service,
Alcohol, Drug Abuse, and Mental Health Administration,
National Institute of Mental Health, Psychopharmacology
Research Branch, Division of Extramural Research Programs,
Rev. 1976.
Guyatt 2006
Guyatt G, Gutterman D, Baumann MH, AddrizzoHarris D, Hylek EM, Phillips B, et al. Grading strength of
recommendations and quality of evidence in clinical guidelines:
report from an American College of Chest Physicians task force.
Chest 2006;129(1):174-81. [DOI: 10.1378/chest.129.1.174] [PMID:
16424429]
Happé 2006
Happé F, Booth R, Charlton R, Hughes C. Executive function
deficits in autism spectrum disorders and attention-deficit/
hyperactivity disorder: examining profiles across domains
and ages. Brain and Cognition 2006;61(1):25-39. [DOI: 10.1016/
j.bandc.2006.03.004] [PMID: 16682102]
Happé 2014
Happé F, Frith U. Annual research review: towards a
developmental neuroscience of atypical social cognition.
Journal of Child Psychology and Psychiatry 2014;55(6):553-77.
[DOI: 10.1111/jcpp.12162]

47

Hartman 2010
Hartman E, Houwen S, Scherder E, Visscher C. On the
relationship between motor performance and executive
functioning in children with intellectual disabilities. Journal of
Intellectual Disability Research 2010;54(5):468-77. [DOI: 10.1111/
j.1365-2788.2010.01284.x] [PMID: 20537052]

Hsia 2014

Heim 2012
Heim C, Binder EB. Current research trends in early life
stress and depression: review of human studies on sensitive
periods, gene-environment interactions and epigenetics.
Experimental Neurology 2012;233(1):102-11. [DOI: 10.1016/
j.expneurol.2011.10.032] [PMID: 22101006]

Hughes 2002

Heinrich 2007
Heinrich H, Gevensleben H, Strehl U. Annotation:
neurofeedback - train your brain to train behaviour. Journal
of Child Psychology and Psychiatry, and Allied Disciplines
2007;48(1):3-16. [DOI: 10.1111/j.1469-7610.2006.01665.x] [PMID:
17244266]
Higgins 2017
Higgins JPT, Altman DG, Sterne JAC, editor(s). Chapter 8:
Assessing risk of bias in included studies. In: Higgins JPT,
Churchill R, Chandler J, Cumpston MS, editor(s). Cochrane
Handbook for Systematic Reviews of Interventions Version
5.2.0 (updated June 2017). Cochrane, 2017. Available from
www.training.cochrane.org/handbook.
Higgins 2019a
Higgins JPT, Li T, Deeks JJ (editors). Chapter 6: Choosing effect
measures and computing estimates of effect. In: Higgins JPT,
Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA
(editors). In: Cochrane Handbook for Systematic Reviews of
Interventions version 6.0 (updated July 2019). Available from
www.training.cochrane.org/handbook. Cochrane, 2019.
Higgins 2019b
Higgins JPT, Eldridge S, Li T (editors). Chapter 23: Including
variants on randomized trials. In: Higgins JPT, Thomas J,
Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors). In:
Cochrane Handbook for Systematic Reviews of Interventions
version 6.0 (updated July 2019). Cochrane. Available from
www.training.cochrane.org/handbook. Cochrane, 2019.
Hommersen 2006
Hommersen P, Murray C, Ohan JL, Johnston C. Oppositional
Defiant Disorder Rating Scale: preliminary evidence of reliability
and validity. Journal of Emotional Behavioral Disorders
2006;14(2):118-25. [DOI: 10.1177/10634266060140020201]
Hong 1999
Hong GE, Sin MS, Jo SJ. Attention-Deficit/Hyperactivity Disorder
Diagnostic System Manual. Seoul, Korea: Korea Information
Engineering Services, 1999.
Hooper 2008
Hooper SR, Hatton D, Sideris J, Sullivan K, Hammer J, Schaaf J,
et al. Executive functions in young males with fragile X
syndrome in comparison to mental age-matched controls:
baseline findings from a longitudinal study. Neuropsychology

2008;22(1):36-47. [DOI: 10.1037/0894-4105.22.1.36] [PMID:
18211154]
Hsia Y, Wong AYS, Murphy DG, Simonoff E, Buitelaar JK,
Wong IC. Psychopharmacological prescriptions for people
with autism spectrum disorder (ASD): a multinational study.
Psychopharmacology 2014;231(6):999-1009. [DOI: 10.1007/
s00213-013-3263-x] [PMID: 24005531]
Hughes C, Graham A. Measuring executive functions in
childhood: problems and solutions? Child and Adolescent
Mental Health 2002;7(3):131-42. [DOI: 10.1111/1475-3588.00024]
Huster 2014
Huster RJ, Mokom ZN, Enriquez-Geppert S, Herrmann CS.
Brain-computer interfaces for EEG neurofeedback: peculiarities
and solutions. International Journal of Psychophysiology
2014;91(1):36-45. [DOI: 10.1016/j.ijpsycho.2013.08.011] [PMID:
24012908]
Insel 2010a
Insel TR, Wang PS. Rethinking mental illness. JAMA
2010;303(19):1970-1. [DOI: 10.1001/jama.2010.555] [PMID:
20483974]
Insel 2010b
Insel T, Cuthbert B, Garvey M, Heinssen R, Pine DS, Quinn K, et
al. Research domain criteria (RDoC): toward a new classification
framework for research on mental disorders. American
Journal of Psychiatry 2010;167(7):748-51. [DOI: 10.1176/
appi.ajp.2010.09091379] [PMID: 20595427]
Jensen 2007
Jensen PS, Arnold LE, Swanson JM, Vitiello B, Abikoff HB,
Greenhill LL, et al. 3-year follow-up of the NIMH MTA
study. Journal of the American Academy of Child &
Adolescent Psychiatry 2007;46(8):989-1002. [DOI: 10.1097/
CHI.0b013e3180686d48] [PMID: 17667478]
Kamat 1967
Kamat VV. Measuring intelligence of Indian children. Bombay,
India: Oxford University Press, 1967.
Kane 2003
Kane MJ, Engle RW. Working-memory capacity and the control
of attention: the contributions of goal neglect, response
competition, and task set to Stroop interference. Journal of
Experimental Psychology 2003;132(1):47-70. [PMID: 12656297]
Kapur 1978
Kapur M. Measurement of organic brain dysfunction. Indian
Journal of Clinical Psychology 1978;5:10-5.
Kaufman 1997
Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P,
et al. Schedule for affective disorders and schizophrenia for
school-age children present-and lifetime version (K-SADSPL): initial reliability and validity data. Journal of American

48

Academy of Child Adolescent Psychiatry 1997;36(7):980-8. [DOI:
10.1097/00004583-199707000-00021]
Klimesch 2006
Klimesch W, Hanslmayr S, Sauseng P, Gruber W, Brozinsky CJ,
Kroll NE, et al. Oscillatory EEG correlates of episodic trace
decay. Cerebral Cortex 2006;16(2):280-90. [DOI: 10.1093/cercor/
bhi107] [PMID: 15888605]
Knoblauch 2012
Knoblauch A, Hauser F, Gewaltig MO, Körner E, Palm G. Does
spike-timing-dependent synaptic plasticity couple or decouple
neurons firing in synchrony? Frontiers in Computational
Neuroscience 2012;6(55):1-27. [DOI: 10.3389/fncom.2012.00055]
[PMC3424530] [PMID: 22936909]
Knox 2012
Knox A, Schneider A, Abucayan F, Hervey C, Tran C, Hessl D,
et al. Feasibility, reliability, and clinical validity of the Test
of Attentional Performance for Children (KiTAP) in fragile X
syndrome (FXS). Journal of Neurodevelopmental Disorders
2012;4(1):2. [DOI: 10.1186/1866-1955-4-2] [PMC3374289] [PMID:
22958782]
Knudsen 2004
Knudsen EI. Sensitive periods in the development of the
brain and behavior. Journal of Cognitive Neuroscience
2004;16(8):1412-25. [DOI: 10.1162/0898929042304796] [PMID:
15509387]
Kort 2002
Kort W, Schittekatte M, Compaan EL, Bosmans M, Bleichrodt N,
Vermeir G, et al. WISC-III-NL. Handleiding Nederlandse
bewerking. 3rd edition. London (UK): The Psychological
Corporation, 2002.
Kouijzer 2009
Kouijzer MEJ, De Moor JMH, Gerrits BJL, Congedo M,
van Schie HT. Neurofeedback improves executive functioning
in children with autism spectrum disorders. Research in Autism
Spectrum Disorders 2009;3(1):145-62. [DOI: dx.doi.org/10.1016/
j.rasd.2008.05.001]
Landes 2017 [pers comm]
Landes JK. Republication of figure [personal communication].
Email to: J Bagdasaryan, M Le van Quyen 31 October 2017.
Lansbergen 2011
Lansbergen M, Van Dongen-Boomsma M, Buitelaar J, SlaatsWillemse D. ADHD and EEG-neurofeedback: A double-blind
randomized placebo-controlled feasibility study. Journal
of Neural Transmission 2011;118(2):275-84. [DOI: 10.1007/
s00702-010-0524-2]
Lawrence 2015
Lawrence D, Johnson S, Hafekost J, De Haan KB,
Sawyer M, Ainley J, et al. The Mental Health of Children
and Adolescents. Report on the Second Australian
Child and Adolescent Survey of Mental Health and
Wellbeing. Canberra (AU): Department of Health, 2015.
[www.health.gov.au/internet/main/publishing.nsf/

Content/9DA8CA21306FE6EDCA257E2700016945/$File/
child2.pdf]
Le van Quyen 2017 [pers comm]
Le van Quyen M. Republication of Figure [personal
communication]. Email to: J Landes, J Corlier 1 November 2017.
Leckman 2010
Leckman JF, Yazgan MY. Editorial: developmental transitions
to psychopathology: from genomics and epigenomics to
social policy. Journal of Child Psychology and Psychiatry
2010;51(4):333-40. [DOI: 10.1111/j.1469-7610.2010.02226.x]
[PMID: 20180880]
Leykin 2009
Leykin Y, DeRubeis RJ. Allegiance in psychotherapy outcome
research: separating association from bias. Clinical Psychology:
Science and Practice 2009;16(1):54-65. [DOI: 10.1111/
j.1468-2850.2009.01143.x]
Liberati 2009
Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC,
Ioannidis JP, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate
health care interventions: explanations and elaboration.
Annals of Internal Medicine 2009;151(4):W-65-W-94. [DOI:
10.7326/0003-4819-151-4-200908180-00136]
Lidzba 2013
Lidzba K, Christiansen H, Drechsler R. Conners-3D: Deutsche
Adaptation der Conners 3rd Edition. Göttingen and Bern:
Hogrefe, 2013.
Linden 1996
Linden M, Habib T, Radojevic V. A controlled study of the
effects of EEG biofeedback on cognition and behavior of
children with attention deficit disorder and learning disabilities.
[Erratum appears in 1996 Sep; 21(3):297]. Biofeedback and Self
Regulation 1996;21(1):35-49. [DOI: 10.1007/bf02214148] [PMID:
8833315]
Liu 2006
Liu Y, Liu S, Shang C, Lin C, Tu C, Gau S. Norm of the Chinese
Version of the Swanson, Nolan and Pelham, Version IV Scale for
ADHD. Taiwanese Journal of Psychiatry 2006;20(4):290-304.
Logan 1994
Logan GD. On the ability to inhibit thought and action: a user's
guide to stop the stop signal paradigm. In: Dagenbach D, Carr
TH, editors(s). Inhibitory Processes in Attention, Memory and
Language. San Diego (CA): Academic Press, 1994:189-239.
[hdl.handle.net/11245/1.100435]
Lubar 1995a
Lubar JF, Swartwood MO, Swartwood JN, O'Donnell PH.
Evaluation of the effectiveness of EEG neurofeedback training
for ADHD in a clinical setting as measured by changes in
TOVA scores, behavioral ratings, and WISC-R performance.
Biofeedback and Self-regulation 1995;20(1):83-99. [PMID:
7786929]

49

Lubar 1995b
Lubar J, Swartwood MO, Swartwood JN, Timmermann DL.
Quantitative EEG and auditory event-related potentials in the
evaluation of attention-deficit/hyperactivity disorder: effects of
methylphenidate and implications for neurofeedback training.
Journal of Psychoeducational Assessment 1995;ADHD Special
Edition:143-60. [citeseerx.ist.psu.edu/viewdoc/download?
doi=10.1.1.501.6072&rep=rep1&type=pdf]
Luborsky 1975
Luborsky L, Singer B, Luborsky L. Comparative studies
of psychotherapies. Is it true that “everyone has
won and all must have prizes”? Archives of General
Psychiatry 1975;32(8):995-1008. [DOI: 10.1001/
archpsyc.1975.01760260059004] [PMID: 239666]
Luck 2014
Luck SJ. An Introduction to the Event-Related Potential
Technique. 2nd edition. Cambridge (MA): MIT Press, 2014.
March 2007
March J, Karayal O, Chrisman A. CAPTN: the pediatric adverse
event rating scale. In: Boston: The 2007 Annual Meeting of the
American Academy of Child and Adolescent Psychiatry. 23-28
October 2007:241.
Marx 2015
Marx AM, Ehlis AC, Furdea A, Holtmann M, Banaschewski T,
Brandeis D, et al. Near-infrared spectroscopy (NIRS)
neurofeedback as a treatment for children with attention
deficit hyperactivity disorder (ADHD) - a pilot study. Frontiers
in Human Neuroscience 2015;8(1038):1-13. [DOI: 10.3389/
fnhum.2014.01038] [PMC4285751] [PMID: 25610390]
Masten 2005
Masten AS, Roisman GI, Long JD, Burt KB, Obradović J,
Riley JR, et al. Developmental cascades: linking academic
achievement and externalizing and internalizing symptoms
over 20 years. Developmental Psychology 2005;41(5):733-46.
[DOI: 10.1037/0012-1649.41.5.733] [PMID: 16173871 ]
Maulik 2011
Maulik PK, Mascarenhas MN, Mathers CD, Dua T, Saxena S.
Prevalence of intellectual disability: a meta-analysis of
population-based studies. Research in Developmental
Disabilities 2011;32(2):419-36. [DOI: 10.1016/j.ridd.2010.12.018]
[PMID: 21236634 ]
Milner 1971
Milner B. Interhemispheric difference in the localization
of psychological processes in man. British Medical Bulletin
1971;27:272-7. [DOI: 10.1093/oxfordjournals.bmb.a070866]
Miyake 2000
Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A,
Wagner TD. The unity and diversity of executive functions and
their contributions to complex "Frontal Lobes" tasks: a latent
variable analysis. Cognitive Psychology 2000;41(1):49-100. [DOI:
10.1006/cogp.1999.0734] [PMID: 10945922]

Molina 2001
Molina BS, Smith BH, Pelham WE. Factor structure and criterion
validity of secondary school teacher ratings of ADHD and ODD.
Journal of Abnormal Child Psychology 2001;29(1):71-82. [DOI:
10.1023/A:1005203629968] [PMID: 11316336]
Morris 2002
Morris SB, DeShon RP. Combining effect size estimates in
meta-analysis with repeated measures and independentgroups designs. Psychological Methods 2002;7(1):105-25. [DOI:
10.1037/1082-989x.7.1.105] [PMID: 11928886]
Moskowitz 2011
Moskowitz LJ, Carr EG, Durand VM. Behavioral intervention
for problem behavior in children with fragile X syndrome.
American Journal on Intellectual and Developmental Disabilities
2011;116(6):457-78. [DOI: 10.1352/1944-7558-116.6.457] [PMID:
22126659]
Murawski 2015
Murawski NJ, Moore EM, Thomas JD, Riley EP. Advances in
diagnosis and treatment of fetal alcohol spectrum disorders:
from animal models to human studies. Alcohol Research
2015;37(1):97-108. [PMC4476607] [PMID: 26259091]
Murray 2008
Murray DW, Arnold LE, Swanson J, Wells K, Burns K, Jensen P, et
al. A clinical review of outcomes of the multimodal treatment
study of children with attention-deficit/hyperactivity disorder
(MTA). Current Psychiatry Reports 2008;10(5):424-31. [DOI:
10.1007/s11920-008-0068-4] [PMC5524214] [PMID: 18803917]
Musall 2014
Musall S, von Pföstl V, Rauch A, Logothetis NK, Whittingstall K.
Effects of neural synchrony on surface EEG. Cerebral Cortex
2014;24(4):1045-53. [DOI: 10.1093/cercor/bhs389] [PMID:
23236202]
Narzisi 2014
Narzisi A, Constanza C, Umberto B, Filippo M. Nonpharmacological treatments in autism spectrum disorders:
an overview on early interventions for pre-schoolers. Current
Clinical Pharmacology 2014;9(1):17-26. [PMID: 24050743]
NCT01363544
NCT01363544. Train your brain and exercise your heart?
Advancing the treatment for attention deficit hyperactivity
disorder [Train Your Brain? Exercise and Neurofeedback
Intervention for ADHD]. clinicaltrials.gov/ct2/show/
NCT01363544 (first received 20 May 2011).
Newport 2001
Newport EL, Bavelier D, Neville HJ. Critical thinking
about critical periods: perspectives on a critical period
for language acquisition. In: Dupoux E, editors(s).
Language, Brain and Cognitive Development. Essays in
Honour of Jacques Mehler. Cambridge (MA): MIT Press,
2001:481-502. [www.bcs.rochester.edu/people/newport/pdf/
Newport_Bav_Nev01.pdf]

50

Ni 2011
Ni TL. Executive function deficit in preschool children born very
low birth weight with normal early development. Unpublished
master dissertation, National Cheng Kung University, Tainan,
Taiwan 2011.
Nunez 2000
Nunez PL. Toward a quantitative description of larger-scale
neocortical dynamic function and EEG. Behavioral and Brain
Sciences 2000;23(3):371-98. [PMID: 11301576]
Oldfield 1971
Oldfield RC. The assessment and analysis of handedness: The
Edinburgh Inventory. Neuropsychologia 1971;9(1):97-113. [DOI:
10.1016/0028-3932(71)90067-4] [PMID: 5146491]
Oosterlaan 2005
Oosterlaan J, Scheres A, Sergeant JA. Which executive
functioning deficits are associated with AD/HD, ODD/CD
and comorbid AD/HD+ODD/CD? Journal of Abnormal Child
Psychology 2005;33(1):69-85. [PMID: 15759592]
Orndorff-Plunkett 2017
Orndoff-Plunkett F, Singh F, Aragón OR, Pineda JA. Assessing the
effectiveness of neurofeedback training in the context of clinical
and social neuroscience. Brain Sciences 2017;7(8):95-117. [DOI:
10.3390/brainsci7080095] [PMC5575615] [PMID: 28783134]
Ozonoff 1998
Ozonoff S, Cathcart K. Effectiveness of a home program
intervention for young children with autism. Journal of Autism
and Developmental Disorders 1998;28(1):25-32. [PMID: 9546299]
Padmanabhan 2015
Padmanabhan A, Garver K, O'Hearn K, Nawarawong N, Liu R,
Minshew N, et al. Developmental changes in brain function
underlying inhibitory control in autism spectrum disorders.
Autism Research 2015;8(2):123-35. [DOI: 10.1002/aur.1398]
[PMC4944206] [PMID: 25382787]
Pelham 1992
Pelham WE Jr, Gnagy EM, Greensalade KE, Milich R.
Teacher ratings of DSM-III-R symptoms for the disruptive
behavior disorders. Journal of the American Academy of
Child and Adolescent Psychiatry 1992;31(2):210-8. [DOI:
10.1097/00004583-199203000-00006] [PMID: 1564021]
Pelham 1993
Pelham WE, Carlson C, Sams SE, Vallano G, Dixon MJ,
Hoza B. Separate and combined effects of methylphenidate
and behavior modification on boys with attention deficithyperactivity disorder in the classroom. Journal of
Consulting and Clinical Psychology 1993;61(3):506-15. [DOI:
10.1037/0022-006X.61.3.506] [PMID: PMID: 8326053]
Pelham 1999
Pelham WE, Gnagy EM, Chronis AM, Burrows-MacLean L,
Fabiano GA, Onyango AN, et al. A comparison of morningonly and morning/late afternoon Adderall to morning-only,
twice-daily, and three times-daily methylphenidate in children

with attention-deficit/hyperactivity disorder. Pediatrics
1999;104(6):1300-11. [PMID: 10585981]
Pennington 1996
Pennington BF, Ozonoff S. Executive functions and
developmental psychopathology. Journal of Child Psychology
and Psychiatry 1996;37(1):51-87. [PMID: 8655658]
Perani 2003
Perani D, Abutalebi J, Paulesu E, Brambati S, Scifo P, Cappa SF,
et al. The role of age of acquisition and language usage in early,
high-proficient bilinguals: an fMRI study during verbal fluency.
Human Brain Mapping 2003;19(3):170-82. [DOI: 10.1002/
hbm.10110] [PMID: 12811733]
Perreau-Linck 2010
Perreau-Linck E, Lessard N, Levesque J, Beauregard M. Effects
of neurofeed back training on inhibitory capacities in ADHD
children: a single-blind, randomized, placebo-controlled study.
Journal of Neurotherapy 2010;14(3):229-42.
Polich 2007
Polich J. Updating P300: an integrative theory of P3a and P3b.
Clinical Neurophysiology 2007;118(10):2128-48. [DOI: 10.1016/
j.clinph.2007.04.019] [PMC2715154] [PMID: 17573239]
Reichow 2011
Reichow B. Overview of meta-analyses on early intensive
behavioral intervention for young children with autism
spectrum disorders. Journal of Autism and Developmental
Disorders 2012;42(4):512-20. [DOI: 10.1007/s10803-011-1218-9]
[PMID: 21404083]
Reid 2015
Reid N, Dawe S, Shelton D, Harnett P, Warner J, Armstrong E,
et al. Systematic review of fetal alcohol spectrum disorder
interventions across the life span. Alcoholism, Clinical and
Experimental Research 2015;39(12):2283-95. [DOI: 10.1111/
acer.12903] [PMID: 26578111]
Review Manager 2014 [Computer program]
Nordic Cochrane Centre, The Cochrane Collaboration Review
Manager 5 (RevMan 5). Version 5.3. Copenhagen: Nordic
Cochrane Centre, The Cochrane Collaboration, 2014.
Roozen 2016
Roozen S, Peters GJ, Kok G, Townend D, Nijhuis J, Curfs L.
Worldwide prevalence of fetal alcohol spectrum disorders:
a systematic literature review including meta-analysis.
Alcoholism, Clinical and Experimental Research 2016;40(1):18-32.
[DOI: 10.1111/acer.12939] [PMID: 26727519]
Ros 2010
Ros T, Munneke MA, Ruge D, Gruzelier JH, Rothwell JC.
Endogenous control of waking brain rhythms induces
neuroplasticity in humans. European Journal of Neuroscience
2010;31(4):770-8. [DOI: 10.1111/j.1460-9568.2010.07100.x]
[PMID: 20384819]

51

Ros 2014
Ros T, Baars BJ, Lanius RA, Vuilleumier P. Tuning pathological
brain oscillations with neurofeedback: a systems neuroscience
framework. Frontiers in Human Neuroscience 2014;8:1008. [DOI:
10.3389/fnhum.2014.01008] [PMC4270171] [PMID: 25566028]
Ros 2019
Ros T, Enriquez-Geppert S, Young K, Sulzer J, Sterman B,
Sorger B, et al. Consensus on the reporting and experimental
design of clinical and cognitive-behavioural neurofeedback
studies (CRED-nf checklist). PsyArXiv Preprints 2019. [DOI:
10.31234/osf.io/nyx84]
Rubia 2001
Rubia K, Taylor E, Smith AB, Oksanen H, Overmeyer S,
Newman S. Neuropsychological analyses of impulsiveness
in childhood activity. The British Journal of Psychiatry
2001;179:138-43. [DOI: 10.1192/bjp.179.2.138]
Rutter 2003
Rutter M, Bailey A, Lord C. Social Communication Questionnaire
(SCQ). Los Angeles (CA): Western Psychological Services, 2003.
Rutter 2010
Rutter M, Bishop D, Pine D, Scott S, Stevenson J, Taylor E, et al.
Rutter's Child and Adolescent Psychiatry. 5th edition. Chicester
(UK): Wiley-Blackwell, 2010.
Sandler 2008
Sandler AD, Bodfish JW. Open-label use of placebos in
the treatment of ADHD: a pilot study. Child: Care, Health
and Development 2008;34(1):104-10. [DOI: 10.1111/
j.1365-2214.2007.00797.x] [PMID: PMID: 18171451]
Sattler 2008
Sattler JM. Assessment of Children: Cognitive Foundations. 5th
edition. San Diego (CA): Jerome M Sattler, 2008.
Sauseng 2008
Sauseng P, Klimesch W. What does phase information of
oscillatory brain activity tell us about cognitive processes?
Neuroscience & Biobehavioral Reviews 2008;32(5):1001-13. [DOI:
10.1016/j.neubiorev.2008.03.014] [PMID: 18499256]
Sauseng 2010
Sauseng P, Griesmayr B, Freunberger R, Klimesch W. Control
mechanisms in working memory: a possible function of EEG
theta oscillations. Neuroscience & Biobehavioral Reviews
2010;34(7):1015-22. [DOI: 10.1016/j.neubiorev.2009.12.006]
[PMID: 20006645]
Scharnowski 2015
Scharnowski F, Veit R, Zopf R, Studer P, Bock S, Diedrichsen J,
et al. Manipulating motor performance and memory through
real-time fMRI neurofeedback. Biological Psychology
2015;108(88):85-97. [DOI: 10.1016/j.biopsycho.2015.03.009]
[PMC4433098] [PMID: 25796342]
Scheifes 2013
Scheifes A, de Jong D, Stolker JJ, Nijman HL, Egberts TC,
Heerdink ER. Prevalence and characteristics of psychotropic

drug use in institutionalized children and adolescents with mild
intellectual disability. Research in Developmental Disabilities
2013;34(10):3159-67. [DOI: 10.1016/j.ridd.2013.06.009] [PMID:
23886758]
Schmidt 1996
Schmidt M. Rey Auditory and Verbal Learning Test: A Handbook.
Los Angeles (LA): Western Psychological Services, 1996.
Schünemann 2006
Schünemann HJ, Jaeschke R, Cook DJ, Bria WF, El-Solh AA,
Ernst A, et al. An official ATS statement: grading the quality of
evidence and strength of recommendations in ATS guidelines
and recommendations. American Journal of Respiratory and
Critical Care Medicine 2006;174(5):605-14. [DOI: 10.1164/
rccm.200602-197ST] [PMID: 16931644]
Schünemann 2019
Schünemann HJ, Higgins JPT, Vist GE, Glasziou P, Akl EA,
Skoetz N, Guyatt GH. Chapter 14: Completing ‘Summary of
findings’ tables and grading the certainty of the evidence. In:
Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page
MJ, Welch VA, editors(s). Cochrane Handbook for Systematic
Reviews of Interventions version 6.0 (updated July 2019).
Available from www.training.cochrane.org/handbook.
Cochrane, 2019.
Sergeant 2000
Sergeant J. The cognitive-energetic model: an empirical
approach to attention-deficit hyperactivity disorder.
Neuroscience & Biobehavioral Reviews 2000;24(1):7-12. [PMID:
10654654]
Servera 2007
Servera M, Cardo E. ADHD Rating Scale-IV in a sample
of Spanish school children: normative data and internal
consistency for teachers and parents [ADHD Rating Scale-IV en
una muestra escolar española: datos normativos y consistencia
interna para maestros, padres y madres]. Revista de Neurologia
2007;45(7):393-9. [DOI: 10.1016/j.biopsycho.2013.04.015] [PMID:
17918104]
Shaffer 2000
Shaffer D, Fisher P, Lucas CP, Dulcan MK, Schwab-Stone ME.
NIMH Diagnostic Interview Schedule for Children Version
IV (NIMH DISC-IV): description, differences from previous
version, and reliability of some common diagnoses. Journal
of the American Academy of Child and Adolescent Psychiatry
2000;39(1):28-38. [DOI: 10.1097/00004583-200001000-00014]
[PMID: 10638065]
Shing 2010
Shing YL, Lindenberger U, Diamond A, Li SC, Davidson MC.
Memory maintenance and inhibitory control differentiate
from early childhood to adolescence. Developmental
Neuropsychology 2010;35(6):679-97. [DOI:
10.1080/87565641.2010.508546] [NIHMSID: NIHMS255032]
[PMC2999360]

52

Shoda 1990
Shoda Y, Mischel W, Peake PK. Predicting adolescent
cognitive and self-regulatory competences from preschool
delay of gratification: identifying diagnostic conditions.
Developmental Psychology 1990;26(6):978-86. [DOI:
10.1037/0012-1649.26.6.978]
Siegel 2010
Siegel DJ. Mindsight: The New Science of Personal
Transformation. New York (NY): Bantam Books, 2010.
Skinner 1958
Skinner BF. Teaching machines. Science 1958;128(3330):969-77.
[apps.fischlerschool.nova.edu/toolbox/instructionalproducts/
edd8124/fall11/1958-Skinner-TeachingMachines.pdf]
Smith 1995
Smith EE, Jonides J. Working memory in humans:
neuropsychological evidence. In: Gazzaniga MS. The Cognitive
Neurosciences edition. Cambridge MA: MIT Press, 1995:1009-20.
Sonuga-Barke 2010
Sonuga-Barke EJ, Halperin JM. Developmental phenotypes and
causal pathways in attention deficit/hyperactivity disorder:
potential targets for early intervention? Journal of Child
Psychology and Psychiatry 2010;51(4):368-89. [DOI: 10.1111/
j.1469-7610.2009.02195.x] [PMID: 20015192 ]
Sonuga-Barke 2013
Sonuga-Barke EJ, Brandeis D, Cortese S, Daley D, Ferrin M,
Holtmann M, et al. Nonpharmacological interventions for
ADHD: systematic review and meta-analyses of randomized
controlled trials of dietary and psychological treatments.
American Journal of Psychiatry 2013;170(3):275-89. [DOI:
10.1176/appi.ajp.2012.12070991] [PMID: 23360949]
St. Clair-Thompson 2006
St Clair-Thompson HL, Gathercole SE. Executive functions
and achievements in school: shifting, updating, inhibition and
working memory. Quarterly Journal of Experimental Psychology
2006;59(4):745-59. [DOI: 10.1080/17470210500162854] [PMID:
16707360]
Stephenson 2008
Stephenson J, Wheldall K. Miracle takes a little longer: science,
commercialisation, cures and the Dore Program. Australasian
Journal of Special Education 2008;32(1):67-82. [ISSN:1833-6914]
[hdl.handle.net/1959.14/77782] [mq-rm-2007010351] [mq:7875]
Stroop 1935
Stroop JR. Studies of interference in serial verbal reactions.
Journal of Experimental Psychology 1935;18(6):643-62. [DOI:
10.1037/h0054651]
Sugg 1994
Sugg MJ, McDonald JE. Time course of inhibition in
color-response and word-response versions of the
Stroop task. Journal of Experimental Psychology: Human
Perception and Performance 1994;20(3):647-75. [DOI:
10.1037/0096-1523.20.3.647] [PMID: 8027716]

Swanson 2012
Swanson JM, Schuck S, Porter MM, Carlson C, Hartman CA,
Sergeant JA, et al. Categorical and dimensional definitions and
evaluations of symptoms of ADHD: history of the SNAP and the
SWAN Rating Scales. The International Journal of Educational
and Psychological Assessment 2012;10(1):51-70. [NIHMS461025]
[PMID: PMC4618695] [PMID: PMID26504617]
Tinius 2003
Tinius TP. The Integrated Visual and Auditory Continuous
Performance Test as a neuropsychological measure. Archives
of Clinical Neuropsychology 2003;18(5):439-54. [DOI: 10.1016/
S0887-6177(02)00144-0] [PMID: 14591441]
Turner 1995
Turner A, Sandford JA. A normative study of IVA: Integrated
Visual and Auditory Continuous Performance Test. In: Presented
at the Annual Convention of the American Psychological
Association; 1995 Aug 11-15; New York (NY). 1995.
Ulberstad 2012
Ulberstad F. QbTest Technical Manual (rev. eD). Stockholm (SE):
Qbtech AB, 2012.
Van Doren 2019
Van Doren J, Arns M, Heinrich H, Vollebregt MA, Strehl U,
Loo SK. Sustained effects of neurofeedback in ADHD: a
systematic review and meta-analysis. European Child +
Adolescent Psychiatry 2019;28(3):293-305. [DOI: 10.1007/
s00787-018-1121-4] [PMC6404655 ] [PMID: 29445867]
Van Leeuwen 1998
Van Leeuwen TH, Steinhausen HC, Overtoom CC, PascualMarqui RD, Van't Klooster B, Rothenberger A, et al. The
Continuous Performance Test revisited with neuroelectric
mapping: impaired orienting in children with attention deficits.
Behavioural Brain Research 1998;94(1):97-110. [DOI: 10.1016/
s0166-4328(97)00173-3] [PMID: 9708843 ]
Vance 2010
Vance DE, Roberson AJ, McGuinness TM, Fazeli PL.
How neuroplasticity and cognitive reserve project
cognitive functioning. Journal of Psychosocial Nursing
and Mental Health Services 2010;48(4):23-30. [DOI:
10.3928/02793695-20100302-01] [PMID: 20349891]
Visser 2014
Visser SN, Danielson ML, Bitsko RH, Holbrook JR, Kogan MD,
Ghandour RM, et al. Trends in the parent-report of health
care provider-diagnosed and medicated attention-deficit/
hyperactivity disorder: United States, 2003-2011. Journal
of the American Academy of Child and Adolescent Psychiatry
2014;53(1):34-46. [DOI: 10.1016/j.jaac.2013.09.001]
[NIHMS699115] [PMC4473855]
Wachs 2014
Wachs TD, Georgrieff M, Cusick S, McEwen BS. Issues in the
timing of integrated early interventions: contributions from
nutrition, neuroscience, and psychological research. Annals
of the New York Academy of Sciences 2014;1308:89-106. [DOI:
10.1111/nyas.12314] [PMC4075015] [PMID: 24354763]

53

Walters 2016
Walters S, Loades M, Russell A. A systematic review of effective
modifications to cognitive behavioural therapy for young
people with autism spectrum disorders. Review Journal of
Autism and Developmental Disorders 2016;3(2):137-53. [DOI:
10.1007/s40489-016-0072-2]
Warreyn 2004
Warreyn P, Raymaekers R, Roeyers H. Handleiding Vragenlijst
Sociale Communicatie. Destelbergen (BE): SIG vzw, 2004.
Weber-Fox 1996
Weber-Fox CM, Neville HJ. Maturational constraints on
functional specializations for language processing: ERP and
behavioral evidence in bilingual speakers. Journal of Cognitive
Neuroscience 1996;8(3):231-56. [DOI: 10.1162/jocn.1996.8.3.231]
[PMID: 23968150]
Wechsler 1974
Wechsler D. Manual for the Wechsler Intelligence Scale
for Children—Revised (WISC-R). San Antonio (TX): The
Psychological Corporation, 1974.
Wechsler 1981
Wechsler D. Wechsler Adult Intelligence Scale - Revised (WAISR). San Antonio (TX): The Psychological Corporation, 1981.
Wechsler 1991
Wechsler D. Wechsler Intelligence Scale for Children (WISC). 3rd
edition. San Antonio (TX): The Psychological Corporation, 1991.
Westerberg 2004
Westerberg H, Hirvikoski T, Forssberg H, Klingberg T. Visuospatial working memory span: a sensitive measure of cognitive
deficits in children with ADHD. Child Neuropsychology
2004;10(3):155-61. [DOI: 10.1080/09297040409609806] [PMID:
15590494]
Weston 2016
Weston L, Hodgekins J, Langdon PE. Effectiveness of cognitive
behavioural therapy with people who have autistic spectrum
disorders: a systematic review and meta-analysis. Clinical
Psychology Review 2016;49:41-54. [DOI: org/10.1016/
j.cpr.2016.08.001] [PMID: 27592496]
WHO 1993
World Health Organization. The ICD-10 classification of mental
and behavioural disorders: diagnostic criteria for research.
Geneva (CH): World Health Organization, 1993.
WHO 2013
World Health Organization. Meeting report. Autism
Spectrum Disorders & other developmental disorders:
from raising awareness to building capacity. apps.who.int/
iris/bitstream/10665/103312/1/9789241506618_eng.pdf

(accessed 22 September 2017). [ISBN 978 92 4 150661 8] [NLM
Classification: WS 350.8.P4]
WHO 2016a
World Health Organization. Autism Spectrum Disorders.
www.who.int/mediacentre/factsheets/autism-spectrumdisorders/en/ (accessed 10 November 2016).
WHO 2016b
World Health Organization. Genes and Human Disease.
www.who.int/genomics/public/geneticdiseases/en/index1.html
(accessed 10 November 2016).
Wolraich 2013
Wolraich ML, Bard DE, Neas B, Doffing M, Beck L. The
psychometric properties of the Vanderbilt Attention-Deficit
Hyperactivity Disorder Diagnostic Teacher Rating Scale
in a community population. Journal of Developmental
& Behavioral Pediatrics 2013;34(2):83-93. [DOI: 10.1097/
DBP.0b013e31827d55c3] [PMID: 23363973]
Youings 2000
Youings SA, Murray A, Dennis N, Ennis S, Lewis C, McKechnie N,
et al. FRAXA and FRAXE: the results of a five year survey.
Journal of Medical Genetics 2000;37(6):415-21. [DOI: 10.1136/
jmg.37.6.415] [PMC1734610] [PMID: 10851251]
Zatorre 2013
Zatorre RJ. Predispositions and plasticity in music and
speech learning: neural correlates and implications. Science
2013;342(6158):585-9. [DOI: 10.1126/science.1238414]
Zhang 2005
Zhang S, Faries DE, Vowles M, Michelson D. ADHD Rating Scale
IV: psychometric properties from a multinational study as
a clinician-administered instrument. International Journal
of Methods in Psychiatric Research 2005;14(4):186-201. [DOI:
10.1002/mpr.7] [PMID: 16395872]
Zimmermann 2002
Zimmermann P, Gondan M, Fimm B. KITAP Testbatterie zur
Aufmerksamkeitsprüfung für Kinder [KITAP Attention Test
Battery for Children]. Herzogenrath (DE): Psychologische
Testsysteme, 2002.

References to other published versions of this review
Landes 2017
Landes JK, Reid CL, Arns M, Badcock NA, Ros T, EnriquezGeppert S, Bulsara MK, et al. EEG neurofeedback for executive
functions in children with neurodevelopmental challenges.
Cochrane Database of Systematic Reviews 2017, Issue 12. Art.
No: CD012890. [DOI: 10.1002/14651858.CD012890]
* Indicates the major publication for the study

54

CHARACTERISTICS OF STUDIES
Characteristics of included studies [ordered by study ID]
Arnold 2013

Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: USA
Age:
1. experimental intervention group: mean = 9.0 years (SD = 1.5 years)
2. control intervention group: mean = 8.7 years (SD = 2.1 years)
Sample size: 36 participants (at post-test, there were 34 participants)
1. experimental intervention group: 25 participants
2. control intervention group: 11 participants
Sex:
1. experimental intervention group: 15% girls (i.e. four girls), 22 boys
2. control intervention group: 31% girls (i.e. four girls), 9 boys
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria)
Inclusion criteria
1. Aged 6 to 12 years old
2. Met the diagnostic criteria for ADHD, as outlined in DSM-IV (APA 1994), and as diagnosed by a licensed
clinician, with the aid of the Children's Interview of Psychiatric Syndromes: Child/Parent Forms (27-29)
3. Parent and teacher ratings with an item mean score of 1.5, on a zero to three points metric, on the
Swanson, Nolan & Pelham (SNAP) Rating Scales-IV (Swanson 2012)
4. Unmedicated
Exclusion criteria
1.
2.
3.
4.
5.
6.

Interventions

Full scale intelligence quotient of less than 80 points
Mental age of less than six years
Comorbid neurological disorders that require psychoactive medication
Medical disorders that require medication that elicit psychoactive effects
More than five previous neurofeedback treatments
Administration of: antipsychotic medication within six months before baseline assessment; fluoxetine/atomoxetine within four weeks before baseline assessment; stimulant medication within one
week before baseline assessment; any other psychotropic medication within two weeks before baseline assessment

Experimental intervention: EEG neurofeedback (SmartBrain by Cyberlearning Technology LLC)
Session numbers, frequency, duration: Two or three training sessions per week (randomised in a one
to one ratio). Each training session was 45 minutes in duration.
Parameters trained per session: inhibit theta/alpha; and reinforce beta (including sensorimotor
rhythm)
Electrode location: Cz, active lead; and one reference electrode on each ear
Feedback mode: visual and tactile feedback (i.e. game controller speed, control and vibration)
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(Continued)

Follow-up training/booster session: no
Control intervention: sham EEG feedback
Session number, frequency, duration: identical to the EEG neurofeedback intervention group
Parameters trained per session: not applicable
Electrode location: identical to the EEG neurofeedback intervention group
Feedback mode: identical to the EEG neurofeedback intervention group, except that the interface
module was preprogrammed to give random feedback not contingent on the participant's EEG.
Follow-up training/booster session: no
Outcomes

Outcomes of interest
1. Participant EEG profile ratings: post-training assessment theta/beta ratio
2. Rated behavioural markers: post-training assessment scores from the Swanson, Nolan & Pelham
(SNAP) Rating Scales-IV (Swanson 2012)
3. Rated behavioural markers: post-training assessment scores from the Conners' Parent/Teacher Rating
Scales - Revised (Conners 2002a; Conners 2002b) (hyperactivity/impulsivity)
4. Rated behavioural markers: post-training assessment scores the Clinical Global Impression Scale (Guy
1976)
5. Rated-behavioural markers: post-training assessment scores from the parent and teacher rated Impairment Rating Scale (Fabiano 2006)
6. Rated-behavioural markers: post-training assessment scores from the Brief Inventory of Executive
Functioning (Gioia 2000)
Note: To address the issue of multiplicity in this review we considered data at post-training assessment
only, and for outcome assessments one and three (parents only).
Timing of outcome assessment
1.
2.
3.
4.

Notes

Pre-training, baseline assessment (one week prior to training)
Mid-training assessment (after 12 and 24 sessions)
Post-training assessment (after 40 sessions)
Follow-up assessment (two months after post-training assessment)

Funding source: National Institute of Mental Health Award (R34 MH080775) and Award (UL1RR025755)
from the National Center for Research Resources (The Ohio State University Center for Clinical and
Translational Science)
Conflict of interest: Dr Arnold receives or has received research support or consulting honoraria, or
both, from Lilly, Shire, Curemark, Neuropharm, Noven, Organon, Seaside, and AstraZeneca. Other authors do not have any financial interests to disclose.
Study start date: unclear
Study end date: unclear

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Quote: "Randomization to treatment was balanced on the child’s premedication status."
Comment: The allocation sequence was described. However, insufficient information was available to permit a judgement of 'low risk' or 'high risk' of
bias.

56

Arnold 2013
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Allocation concealment
(selection bias)

Low risk

Quote: "To blind staff to treatment condition, The SmartBox interface devices
were independently pre-programmed by an off-site consultant who had no interaction with participants or data (analogous to pre-packaged randomized
medication)."
Comment: "Participants and staff were unlikely to foresee the assignment to
their intervention groups."

Blinding of participants
and personnel (performance bias)
All outcomes

Low risk

Comment: The blinding of participants and personnel was described. Both
were likely to be blinded.

Blinding of outcome assessment (detection bias)
All outcomes

Low risk

Comment: As the The SmartBox interface was pre-programmed off-site (analogous to pre-packaged randomized medication), the outcome assessors were
likely to be blinded. In an email exchange with the authors, it was confirmed
that all assessments were blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Comment: Missing outcome data was balanced in numbers across intervention groups, with similar reasons for missing data across groups.

Selective reporting (reporting bias)

High risk

Comment: At least one outcome of interest to this review is reported incompletely so that it cannot be entered into a meta-analysis.

Other bias

High risk

Comment: Dr Arnold received research support and/or consulting honoraria
from Lilly, Shire, Curemark, Neuropharm, Noven, Organon, Seaside, and AstraZeneca. This constitutes a potential source of bias.

Bazanova 2018

Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: Russia
Age: mean = 7 years (SD = 0.20 years)
Sample size: 94 participants
1.
2.
3.
4.

experimental intervention group one: 17 participants
experimental intervention group two: 31 participants
experimental intervention group three: 32 participants
control intervention group: 14 participants (Notes: In the original study, this condition was considered
an experimental intervention condition. In this review, the intervention fits with the category of control intervention. For the purpose of this review, we have therefore relabeled this condition as control
intervention)

Sex: all male participants
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria)
Inclusion criteria
1. Met the diagnostic criteria for ADHD, as outlined in DSM-IV (APA 1994)
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Exclusion criteria
1. Comorbidity
Interventions

Experimental intervention 1: Standard EEG neurofeedback
Session numbers, frequency, duration: 10 sessions over four to five weeks (two to three sessions per
week). Each training session was 16 minutes in duration.
Parameters trained per session: decrease theta/beta ratio (standard theta, and beta bands were used
as targets)
Electrode location: Pz, active lead; right ear, monopolar reference electrode; and Fp1, ground electrode
Feedback mode: visual feedback (i.e. virtual flowers that grow on a computer screen)
Follow-up training/booster session: no
Experimental intervention 2: Individual EEG neurofeedback
Session numbers, frequency, duration: identical to the EEG neurofeedback intervention group
Parameters trained per session: identical to the EEG neurofeedback intervention group, except that
here, theta and beta target frequency bands were individually adjusted
Electrode location: identical to the EEG neurofeedback intervention group
Feedback mode: identical to the EEG neurofeedback intervention group
Follow-up training/booster session: one session
Experimental intervention 3: EEG neurofeedback and electromyographic biofeedback (EMG) (Bosalb
system, NIIMNN SORAMN, Novosibirsk, Russia)
Session numbers, frequency, duration: identical to the EEG neurofeedback intervention group
Parameters trained per session: identical to the EEG neurofeedback intervention group
Electrode location: identical to the EEG neurofeedback intervention group. Additionally, EMG was
recorded from to electrodes placed on the forehead.
Feedback mode: identical to the EEG neurofeedback intervention group
Follow-up training/booster session: no
Control intervention: sham EEG neurofeedback
Session number, frequency, duration: identical to the EEG neurofeedback intervention group
Parameters trained per session: not applicable
Electrode location: identical to the EEG neurofeedback intervention group
Feedback mode: identical to the EEG neurofeedback intervention group
Follow-up training/booster session: one session

Outcomes

Outcomes of interest
1. Participant EEG profile ratings: post-training assessment alpha 1, alpha 2 power density, alpha1/alpha2 ratio and theta/beta ratio
2. Inhibition: post-training assessment scores for inhibition, measured by the Go/No-Go task (Avila 2004)
(reaction time on go trials, "when accompanied by no-Go stimulus with a delayed onset")
3. Inhibition: post-training assessment score from the delayed gratification task (Shoda 1990)
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4. Rated behavioural markers: post-training assessment scores from the Swanson, Nolan and Pelham
(SNAP) Rating Scales-IV (Swanson 2012) (impulsivity and hyperactivity)
Note: To address the issue of multiplicity in this review we considered data from the standard neurofeedback group only, at post-training assessment, and for outcome assessments one, two and four.
Timing of outcome assessment
1. Pre-training, baseline assessment (prior to training)
2. Post-training assessment (after all training was completed)
3. Follow-up assessment (six months after all training was completed)
Notes

Funding source: This study was not supported by any grants
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Study start date: September 2008
study end date: May 2012

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Quote: "Then ADHD participants were randomly assigned to four groups for
NFT to decrease TBR (...)".
Comment: The allocation sequence was described. However, insufficient information was available to permit a judgement of 'low risk' or 'high risk' of
bias.

Allocation concealment
(selection bias)

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Selective reporting (reporting bias)

Low risk

Comment: The prescribed outcome measures in the methods section match
the analysed data.

Other bias

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Beauregard 2006

Study characteristics
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Methods

Randomised controlled trial (parallel groups)

Participants

Country: Canada
Age:
1. experimental intervention group: mean = 10.2 years (SD = 1.3 years)
2. control intervention group: mean = 10.2 years (SD = 0.8 years)
Sample size: 20 participants
1. experimental intervention group: 15 participants
2. control intervention group: five participants
Sex: 16 boys, four girls
Executive function problems, as defined by the neurodevelopmental problem/eligibility criteria
Inclusion criteria
1. Aged eight to 12 years old
2. Right-handed, as measured by the Edinburgh Handedness Inventory (Oldfield 1971)
3. Full-scale intelligence quotient of greater than 85 points, as measured by the Wechsler Intelligence
Scale for Children-Revised (WISC-R) (Wechsler 1974)
4. Met diagnostic criteria for ADHD as outlined in DSM-IV (APA 1994)
Exclusion criteria
1. The presence of an Axis I psychiatric diagnosis (ADHD is permitted), such as a learning disability (e.g.
dyslexia, dyscalculia), a neurological disorder (e.g. epilepsia), or a neuropsychiatric disorder (e.g. major depressive disorders, obsessive-compulsive disorder)

Interventions

Experimental intervention: EEG neurofeedback (Lexicor NRS-24 Biolex program - version 2.40 (Lexicor, Boulder, Colorado), Procomp + Biograph program - version 2.1 (Thought Technology Ltd, Montreal,
Canada))
Session numbers, frequency, duration: Three training sessions per week, for a total of 20 sessions.
Each session was 60 minutes in duration, and was composed of two-minute training periods, which
were gradually increased to 10-minute training periods.
Parameters trained per session:
1. Phase 1: inhibit theta activity and reinforce sensorimotor rhythm amplitude
2. Phase 2: inhibit theta activity and reinforce beta one waves
Electrode location: Cz, active lead; close to the left earlobe, reference electrode; and close to the right
earlobe, ground electrode
Feedback mode: audio-visual feedback in video game format
Follow-up training/booster session: no
Control intervention: wait-list control
Session numbers, frequency, duration: not applicable
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/booster session: no

60

Beauregard 2006 (Continued)
Outcomes

Outcomes of interest
1. Inhibition: post-training assessment full-scale response control quotient that emerged from the Integrated Visual and Auditory Continuous Performance Test (Tinius 2003)
2. Inhibition: post-assessment scores from the Counting Stroop Task (Bush 1999) (response accuracy on
interference trials)
3. Inhibition: post-assessment scores from the Go/No-Go task (response accuracy on the No-Go trials)
4. Updating of working memory: post-assessment scores from the Digit Span (Wechsler 1981; Wechsler
1991)
5. Rated behavioural markers: post-training assessment scores from the Conners Parent Rating Scale Revised (CPRS-R) (Conners 1997) (hyperactivity)
Note: To address the issue of multiplicity in this review we considered outcome assessments three,
four and five.
Timing of outcome assessment
1. Pre-training, baseline assessment (1 week prior to training)
2. Post-training assessment (1 week after completion of training, in all cases after 13.5 weeks)

Notes

Funding source: Fondation Lucie et André and the International Society for Neuronal Regulation
(ISNR)
Conflict(s) of interest: unclear
Study start date: unclear
Study end date: unclear

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Quote: "These AD/HD children were randomly assigned to either an Experimental (EXP) group or a control (CON) group."
Comment: The allocation sequence was described insufficiently to permit a
judgement of 'low risk' or 'high risk' of bias.

Allocation concealment
(selection bias)

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Outcome assessors were not blinded. It is unclear how this affected outcome measurement.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk

Comment: Insufficient reporting of attrition or exclusions to permit a judgement of 'low risk' or 'high risk' (i.e. missing data not discussed provided) or
bias.

Selective reporting (reporting bias)

High risk

Comment: At least one outcome of interest to this review is reported incompletely so that it cannot be entered into a meta-analysis
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Other bias

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Christiansen 2014

Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: Germany
Age: mean = 8.42 years (SD = 1.34 years)
Sample size: 58 participants
Sex: 48 (83%) boys, 10 (17%) girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria)
Inclusion criteria
1. Aged seven to 11 years old
2. Fluent in German
3. Met the diagnostic criteria for ADHD (the following were accepted: combined, predominantly attentive, or predominantly hyperactive/impulsive subtype), as outlined in DSM-IV (APA 1994), for combined, predominantly attentive, or predominantly hyperactive/impulsive subtype
4. Full scale intelligence quotient of 80 or higher on the shortened version of the Wechsler Intelligence
Scale for Children (i.e. information, picture arrangement, similarities, and block-design) (Sattler 2008)
5. Comorbid disorders and/or ongoing stimulant medication was not an exclusion criteria. However, the
children did not take the medication 48 hours prior to all diagnostic assessments
Exclusion criteria
1. Symptoms of inattention, hyperactivity, or impulsivity due to other medical reasons (e.g. autism,
epilepsy, or brain disorders)

Interventions

Experimental intervention: EEG neurofeedback (Thera Prax®, neuroConn, GmbH, Ilmenau, Germany)
Session number, frequency, duration: 30 sessions, broken down into three therapy blocks of 12 sessions. Each block was four weeks in duration, with a one-week-break in between blocks. Each session
was 50 minutes in duration, and consisted of three runs (i.e. 24 minutes worth of neurofeedback training). One run was composed of 40 trials, and each trial lasted for eight seconds (i.e. a two-second baseline period and a six-second feedback period). Participants with comorbid conditions received an additional six sessions of individualised behavioural therapy after T2 assessments.
Parameters trained per session: generate negative and positive slow cortical potentials
Electrode location: Cz, active lead; and both mastoids, reference electrodes
Feedback mode: visual feedback. Participants also received manual tokens for their participation that
could be traded in for small rewards (i.e. token economy).
Follow-up training/booster sessions: yes; three sessions between post-training assessment and follow-up assessments
Control intervention: self-management
Session number, frequency, duration:
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1.
2.
3.
4.
5.

2 therapy blocks that consist of 12 sessions each, with a one-week break between therapy blocks
10 minutes of recapitulation of the last session
10 minutes of modelling of behaviour
20 minutes of practicing the modelled behaviour
an additional 6 sessions of individualised behavioural therapy for participants with comorbid conditions

Parameters trained per session:
1. Block one: "(1) precise looking; (2) precise describing; (3) precise listening; (4) precise listening and
retelling; (5) account of perceptions; (6) introduction of the stop-signal; (7) self-contained stopping
and checking; (8) accompanying checking procedures; (9) transfer of checking techniques to school
contexts; (10) self-instruction with the stop signal; (11) self-instruction with difficult tasks; and (12)
self-instruction under distraction"
2. Block two: "(1) basic skills; (2) signal cards; (3) thinking loud; (4) flexible use of signal cards; (5) adaptation of learned strategies for new tasks; (6) cross-linking strategies; (7) discover systematic principles;
(8) adaptation of learned strategies for complex tasks; (9) solving abstract problems; (10) organising
learning strategies; (11) development of strategies for complex school tasks; and (12) application of
strategies for complex school tasks"
Electrode location: not applicable
Feedback mode: EEG feedback mode not applicable. However, participants in this group also received
tokens for their participation that could be traded in for small rewards.
Follow-up training/booster sessions: yes; three sessions between post-training assessment and follow-up assessments
Outcomes

Outcomes of interest
1. Participant EEG profile ratings: post-training assessment scores for the quantitative EEG
2. Inhibition: post-training assessment scores from the the Go/No-Go subtest of the children's test-battery of attention assessment (KITAP) (Zimmermann 2002)
3. Rated behavioural markers: post-training assessment scores from the Conners-3 (Conners 2008; Lidzba 2013) (parent and teacher ratings)
4. Rated behavioural markers: post-training assessment scores from the Qb-Test (Ulberstad 2012)
Note: In this cross-over trial we included data from the mid-training assessment only and considered
this as "post-training assessment data". Outcomes of interest two and four were preliminary analyses, and were not available at the time of publication of this review. Outcomes of interest one was only
available after 30 training sessions (i.e. after participants received booster training).
Timing of outcome assessment
1.
2.
3.
4.

Pre-training, baseline assessment (prior to training)
Mid-training assessment (after 24 sessions, Conners-3 ratings only)
Post-training assessment (after 30 sessions, and six sessions on comorbid problems)
Follow-up assessment one (after three booster sessions, i.e. six months since post-training assessment)
5. Follow-up assessment two (i.e. 12 months, since post-training assessment)
Notes

Funding source: unclear
Conflict(s) of interest: The authors declared that this research was conducted in the absence of commercial or financial conflict of interests.
Study start date: unclear
Study end date: unclear
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Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Quote: "The children are randomized to receive either NF or SM training."

Allocation concealment
(selection bias)

High risk

Comment: The allocation sequence was described. Authors provided insufficient information to determine low or high risk of bias.
Quote: "Treatment allocation is performed by computer programming stratified for gender and stimulant medication. In this way, we aim to ensure that
trial arms are balanced with respect to the baseline characteristics gender and
use of ADHD medication."
Comment: Treatment allocation was achieved via a rule, based on an explicitly unconcealed procedure.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Quote: "Patients, parents, therapists, and investigators were not blinded for
the treatment allocation."

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk

Comment: Reasons for participant dropout were not described. Therefore,
there is insufficient information available to permit a judgement of 'low risk' or
'high risk' of bias.

Selective reporting (reporting bias)

High risk

Comment: At least one outcome of interest to this review is reported incompletely so that it cannot be entered into a meta-analysis

Other bias

Low risk

Comment: No indication that the neurofeedback equipment also belonged to
the study authors.

Comment: The blinding of participants and staff was described. It is unclear
how the lack of blinding affected the participants.
Quote: "Patients, parents, therapists, and investigators were not blinded for
the treatment allocation."
Comment: The blinding of participants and staff was described. It is unclear
how the lack of blinding affected the participants.

DeBeus 2011

Study characteristics
Methods

Randomised controlled trial (cross-over groups)

Participants

Country: USA
Age:
1. boys: mean = 8.93 years of age (SD = 1.36 years)
2. girls: mean = 8.67 years of age (SD = 1.44 years)
Sample size: 42 participants
Sex: 13 boys (31%), 29 girls (69%)
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria)
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Inclusion criteria
1. Aged seven to 11 years old
2. Met the diagnostic criteria for ADHD as outlined in DSM-IV (APA 1994) (i.e. parents supported the presence of six out of nine symptoms in the category of inattention, hyperactivity, or both categories (combined); a clinical psychologist, via a structure interview and formal assessment, confirmed the ADHD
diagnosis)
3. The participant's doctor and parents agreed to cease all stimulant medication 48 hours prior to all
assessments
4. The participant and primary caretaker have lived at their same home address for at least 6 months
5. The participant's parents, or guardians agreed to transport and accompany the participant to all training sessions and assessments.
Exclusion criteria
1. IQ below 80
2. Previous, or current serious mental illness other than ADHD (e.g. mood disorder, anxiety disorder,
psychotic disorder) that requires medication other than stimulant medication that is used to treat
ADHD
3. A history of neurological disease, seizures, head injury with loss of consciousness
4. Chronic medical illness or condition
5. Any medication that is likely to interfere with the participant's concentration (other than stimulant
medication)
Interventions

Experimental intervention: EEG neurofeedback
Session number, frequency, duration: participants played the video game (i.e. received neurofeedback) for 30 minutes per session, and completed an average of two sessions per week. They participated in 20 sessions of the first intervention, and 20 sessions of the second intervention after cross-over;
each block of 20 session lasted 10 weeks. A one-week washout period was applied between intervention types.
Parameters trained per session: inhibit theta + alpha, reinforce beta (including sensorimotor rhythm)
Electrode location: Fz, active lead; right ear, ground lead; and left ear, reference lead
Feedback mode: visual and sensory video game feedback (i.e. speed and steering control of the car in
the video game, vibration of the video game controller)
Follow-up training/booster sessions: no
Control intervention: sham EEG neurofeedback
Session number, frequency, duration: identical to the EEG neurofeedback group
Parameters trained per session: none
Electrode location: identical to the EEG neurofeedback group
Feedback mode: visual and sensory video game feedback (i.e. a technician followed a set schedule to
control the video game to slow down the speed of the car, vibrate the hand controller, or turn off the
steering control for one to five seconds, as predetermined in the set schedule)
Follow-up training/booster sessions: no

Outcomes

Outcomes of interest
1. Inhibtion: mid-training assessment full-scale response control quotient that emerged from the Integrated Visual and Auditory Continuous Performance Test (Turner 1995; Tinius 2003)
2. Rated behavioural markers: mid-training assessment scores from the DSM-IV ADHD Total scale of the
Conners' Parent Rating Scalen (Conners 2002a) and Conners' Teacher Rating Scale (Conners 2002b)
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Note: As this is a cross-over trial, we considered the first phase only (i.e. mid-assessment).
Timing of outcome assessment
1. Pre-training, baseline assessment (prior to training)
2. Mid-training assessment (after 20 sessions of the first type of training)
3. Post-training assessment (after 20 sessions of the second type of training after cross-over)
Notes

Funding source: Virginia Commonwealth Health Research Board in Richmond, Virginia; and Riverside
Healthcare Foundation in Newport News, Virginia
Conflict(s) of interest: unclear
Study start date: unclear
Study end date: unclear

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

Quote: "The randomization was done according to a random number chart".

Allocation concealment
(selection bias)

Low risk

Comment: The allocation sequence and a random component in this sequence were described.
Quote: "Children were randomized into each of the groups by computer generated random numbers and assigned by an administrative assistant not involved with either the assessments or interventions."
Comment: Central allocation occurred in the form of an administrative staff
who was not otherwise involved with the assessments or the interventions.

Blinding of participants
and personnel (performance bias)
All outcomes

Low risk

Quote: "The investigators, families, subjects, and teachers were blind to the
randomization order throughout the study period.There were two technicians
delivering the intervention to maintain blindness to conditions at each location."
Comment: The blinding of participants and staff was described. The outcome
is unlikely to be influenced by a lack of blinding.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Quote: "Missing data resulted from school or teacher changes, lack of compliance, or compromise of the blinded administration of sessions. These occurred at random and did not differ significantly between the two groups."
Comment: Missing outcome data occurred at random and did not differ significantly between the two groups.

Selective reporting (reporting bias)

High risk

Quote: "Because there were distinct differences in results between those who
responded to NF training and those who did not, only those whose showed response were included in our analysis (...). Participants whose EI did not change
in response to EEG operant conditioning were judged non-compliant or“nonlearners” (NF-NL) and excluded from analysis."
Comment: Reasons for missing outcome data are likely related to the true
outcome. Additionally, at least one outcome of interest to this review is reported incompletely so that it cannot be entered into a meta-analysis.
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Other bias

Unclear risk

Comment: Insufficient reporting to permit judgement of 'low risk' or 'high risk'
of bias.

Dobrakowski 2020

Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: Poland
Age:
1. experimental intervention group: mean = 8.84 years of age (SD = 1.40 years)
2. control intervention group: mean = 8.61 years of age (SD = 1.44 years)
Sample size: 48 participants
Sex:
1. experimental intervention group: 20 boys (83%), girls 4 (17%)
2. control intervention group: 18 boys (75%), girls 6 (25%)
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria)
Inclusion criteria
1. Aged six to 12 years old
2. Met the diagnostic criteria for ADHD as outlined in the DSM-V (APA 2013) and the ICD-10 (WHO 1993)
3. No concurrent therapy at improving concentration, or pharmacological intervention
Exclusion criteria
1. Intellectual disability, chronic somatic diseases, comorbid psychiatric diagnoses (e.g. depression,
restlessness, anxiety, psychosis)
2. Ongoing, long-term pharmacological intervention

Interventions

Experimental intervention: EEG neurofeedback
Session number, frequency, duration: a total of 10 to 12 sessions (each session lasted 45 minutes,
with 30 minutes of active training) for 10 weeks
Parameters trained per session: inhibit theta and beta2 and to reinforce beta1 and low beta
Electrode location: C3 and C4, active lead; contralateral earlobe, reference lead; ipsilateral earlobe,
ground lead
Feedback mode: simultaneous visual and auditory feedback
Follow-up training/booster sessions: no
Control intervention: waitlist control
Session number, frequency, duration: not applicable
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
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Follow-up training/booster sessions: no
Outcomes

Outcomes of interest
1. Inhibition: post-training assessment scores from the n-back task (Gevins 1993) (commission errors)
2. Updating of working memory: post-training assessment scores from the n-back task (Gevins 1993)
(correct responses)
Note: To address the issue of multiplicity in this review we considered data at post-training assessment
only.
Timing of outcome assessment
1. Pre-training, baseline assessment (prior to training)
2. Post-training assessment (after 10 weeks of the intervention were completed)
3. Follow-up-training assessment (one year after post-training assessment)

Notes

Funding source: The authors received no funding for this study.
Conflict(s) of interest: The authors did not declare any conflicts of interest with regards to authorship,
research, or the publication of the article.
Study start date: unclear
Study end date: unclear

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Quote: "The participants were randomly divided into 2 groups of equal size".

Allocation concealment
(selection bias)

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Comment: No data appear to be missing, and no participants appeared to
have dropped out up to the time point that is of interest to this review (i.e.
post-training assessment).

Selective reporting (reporting bias)

High risk

Comment: At least one outcome of interest to this review is reported incompletely so that it cannot be entered into a meta-analysis.

Other bias

Unclear risk

Comment: Insufficient reporting to permit judgement of 'low risk' or 'high risk'
of bias.

Comment: An insufficient information about the sequence generation process
was provided to permit judgment of 'low risk' or 'high risk' of bias.
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Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: Norway
Age: mean = 11.2 years (SD = 2.8)
1. experimental intervention group: mean = 11.4 years (SD = 3.1 years)
2. control intervention group one: mean = 10.9 years (SD = 2.4 years)
3. control intervention group two: mean = 11.2 years (SD = 2.8 years)
Sample size: 91 participants
1. experimental intervention group: 30 participants
2. control intervention group one: 31 participants
3. control intervention group two: 30 participants
Sex: 72 boys (80%), 19 girls
1. experimental intervention group: 22 boys (73%), eight girls
2. control intervention group one: 27 boys (87%), four girls
3. control intervention group two: 23 boys (77%), seven girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria)
Inclusion criteria
1. Met the diagnostic criteria for ADHD as outlined in ICD-10 (WHO 1993)
2. Aged six to 18 years old
3. IQ above 70 (as measured by the Wechsler Intelligence Scale for Children (WISC-IV))
Exclusion criteria:
1. somatic conditions and disorders
2. "retardation"

Interventions

Experimental intervention: EEG neurofeedback (Infiniti software and equipment from Thought Technology Ltd, Montreal, Canada)
Session number, frequency, duration: three times per week, for total of 30 sessions. Each neurofeedback session lasted 40 minutes (i.e. a pre and post baseline of five minutes each, where alpha was
trained, + 30 minutes of neurofeedback training). Neurofeedback training was incorporated into a
video game, or a film.
Parameters trained per session: inhibit theta; and reinforce beta
Electrode location: Cz, active lead; right ear, ground lead; and left ear, reference lead
Feedback mode: visual and auditory feedback
Follow-up training/booster sessions: no
Control intervention one: methylphenidate (long acting)
Session number, frequency, duration: Participants received one mg of methylphenidate per kg of
body weight, twice per day (i.e. between 20-60 mg each time).
Parameters trained per session: not applicable
Electrode location: not applicable
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Feedback mode: not applicable
Follow-up training/booster sessions: no
Control intervention two: EEG neurofeedback and methylphenidate (long acting)
Session number, frequency, duration: identical to the EEG neurofeedback intervention group, and
control intervention group one
Parameters trained per session: identical to the EEG neurofeedback intervention group, and control
intervention group one
Electrode location: identical to the EEG neurofeedback intervention group, and control intervention
group one
Feedback mode: unclear
Follow-up training/booster sessions: no
Outcomes

Outcomes of interest
1. Rated behavioural markers: post-training assessment scores from the Clinician's Manual for the Assessment of Disruptive Behavior Disorders - Rating Scale for Parents, from Russel A Barkley (Morris
2002) (hyperactivity, global)
2. Rated behavioural markers: post-training assessment scores from a self-reporting questionnaire
(Duric 2014)
Note: To address the issue of multiplicity in this review we considered data at the post-training assessment for outcome of interest one (hyperactivity) only, and control condition one (methylphenidate) only.
Timing of outcome assessment
1. Pre-training, baseline assessment (one week prior to treatment)
2. Post-training assessment (one week after training completion)
3. Follow-up assessment (six months after training completion)

Notes

Funding source: Solveig and Johan P Sommers Foundation and National Competency Centre for ADHD in Norway, University of Bergen, Centre for Child and Adolescent Mental Health
Conflict(s) of interest: No conflicts of interest regarding authorship, or publication of this article were
declared.
Study start date: September 200
Study end date: December 2010 (end)

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

Quote: "Randomization was performed using a random list with arbitrary
numbers (0-1-2) in order to make three groups."
Comment: The allocation sequence and a random component in this sequence were described.

Allocation concealment
(selection bias)

Unclear risk

Quote: "Participants were randomized and allocated by sequentially numbered sealed envelopes into three groups"
Comment: It is unclear if the envelopes were opaque or not. Therefore, it is
unclear if participants could possibly foresee group assignments.
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Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Comment: Missing outcome data were balanced in numbers across intervention groups, with similar reasons for missing data across groups.

Selective reporting (reporting bias)

Low risk

Comment: The prescribed outcome measures in the methods section match
the outcome measures reported in the results section. Significant and non-significant results were disclosed.

Other bias

Low risk

Comment: No indication that the neurofeedback equipment also belonged to
the study authors.

Geladé 2016

Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: The Netherlands
Age:
1. experimental intervention group: mean = 9.96 years (SD = 1.88 years)
2. control intervention group one: mean = 9.11 years (SD = 1.26 years)
Sample size: 75 participants
1. experimental intervention group: 39 participants
2. control intervention group one: 36 participants
Sex: 57 boys, 18 girls
1. experimental intervention group: 30 boys, nine girls
2. control intervention group one: 27 boys, nine girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria)
Inclusion criteria
1. Aged seven to 13 years old
2. Met the primary diagnostic criteria for ADHD as outlined in DSM-IV-TR (APA 2000)
3. Parent and teacher ratings on the Disruptive Behaviour Disorders Rating Scale (DBDRS) (Pelham
1992), with at least one of the scores on the Inattention, or Hyperactivity/Impulsivity scales above the
90th percentile, and one above the 70th percentile
4. Stimulant free for at least one month at the time of study entry
Exclusion criteria
1. A neurological disorder
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2. Full-scale intelligence quotient below 80, as measured with the Wechsler Intelligence Scale for Children (WISC-III) (Wechsler 1991) (subtests: Vocabulary, Arithmetic, Block Design, Picture Arrangement)
Interventions

Experimental intervention: EEG neurofeedback (THERAPRAX EEG Biofeedback system, Neuroconn
GmbH, Germany)
Session numbers, frequency, duration: three training sessions for 10 weeks (mean number of completed sessions was 29). Each training session was 45 minutes in duration, with 20 minutes of effective
training (i.e. each training session comprised of a one-minute baseline to index theta/beta, followed by
10 runs of neurofeedback. Each run comprised of four, 30-second blocks).
Parameters trained per session: inhibit theta and reinforce beta
Electrode location: Cz, active lead
Feedback mode: visual feedback (i.e. simple graphics, such as appearance of a sun and game credits)
Follow-up training/booster session: no
Control intervention one: methylphenidate (short acting)
Session number, frequency, duration:
1. one-week baseline period (without medication)
2. one-week lead-in week (on three consecutive days, at breakfast and lunch time, doses of five to 15 mg
were administered for < 25 kg body weight, or 20 mg for > 25 kg body weight)
3. four-week double-blind titration period (placebo, once a week, or twice daily)
4. twice-daily optimal dose (five to 20 mg)
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/booster session: no
Control intervention two: physical activity (exercise)
Notes: This control intervention does not meet our control interventions of interest. Therefore, we did
not consider this group’s data.

Outcomes

Outcomes of interest
1. Participant EEG profile ratings: post-training assessment EEG power spectra results for alpha, beta,
and theta power that were recorded during a Stop-Signal task, an eyes open, and an eyes closed condition, and the mean amplitude of N2 and P3
2. Inhibition: post-training assessment scores from the Stop-Signal task (Logan 1994) (stop-signal reaction time, commission errors on go trials)
3. Updating of working memory: post-training assessment scores from the backward condition of the
Visual Spatial Working Memory task (VSWM) (Alloway 2006; Westerberg 2004)
4. Rated behavioural markers: post-training assessment from the Strengths and Weaknesses of ADHD
symptoms and Normal behaviour scale (SWAN) (Swanson 2012) (parent and teacher ratings)
Note: To address the issue of multiplicity in this review we considered data at post-training assessment
only, stop-signal task commission errors, parent ratings, and stop-signal power spectra only.
Timing of outcome assessment
1. Pre-training, baseline assessment (one week prior to training)
2. Post-training assessment (one week after treatment completion, although control intervention group
one continued methylphenidate until post-treatment assessment commenced)
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Notes

Funding source: The Netherlands Organization for Health Research and Development (ZonMw) (157
003 012)
Conflict of interest: unclear
Study start date: September 2010
Study end date: March 2014

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

Quote: "A multicentre three-way parallel group study with balanced randomization was conducted. A randomization table was created using a computerized random number generator."
Comment: The allocation sequence and a random component in this sequence were described.

Allocation concealment
(selection bias)

Unclear risk

Quote: "Stocks of nine unmarked sealed envelopes were presented to parents
at intake. Parents randomly picked an envelope revealing intervention allocation. Subsequently, children, parents, and teachers were aware of the allocated group."
Comment: Participants and investigators could foresee the assignment, and
thus introducing selection bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Comment: As per the trial protocol, NCT01363544, no masking was employed.
It is unclear how the lack of blinding may have impacted the outcome.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: As per the trial protocol, NCT01363544, no masking was employed.
It is unclear how the lack of blinding may have impacted the outcome assessment.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Comment: Missing outcome data were balanced in numbers across intervention groups, with similar reasons for missing data across groups.

Selective reporting (reporting bias)

Low risk

Comment: The prescribed outcome measures in the methods section match
the outcome measures reported in the results section. Significant and non-significant results were disclosed. Additionally, at least one outcome of interest
(in the review) is reported incompletely so that it cannot be entered in a metaanalysis. However, the authors promptly responded with any outstanding data
(Landes 2018a [pers comm]).

Other bias

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Heinrich 2004

Study characteristics
Methods

Randomised controlled trial (parallel groups)
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Participants

Country: Germany
Age:
1. experimental intervention group: mean = 11 years 1 month (SD = 1 year 7 months)
2. control intervention group: mean = 10 years 5 months (SD = 2 years 1 month)
Sample size: 22 participants
1. experimental intervention group: 13 participants
2. control intervention group: nine participants
Sex: 21 boys, one girl
1. experimental intervention group: 12 boys, one girl
2. control intervention group: nine boys, no girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria):
Inclusion criteria
1. Aged seven to 13 years old
2. Met the diagnostic criteria for ADHD, as outlined in DSM-IV (APA 1994), and as diagnosed via a semi-structured clinical interview (Clinical Assessment Scale of Child and Adolescent Psychopathology)
(Döpfner 1999), and as confirmed with Diagnostic Checklist for Hyperkinetic Disorders/ADHD (Döpfner 2000) by a clinical psychologist
Exclusion criteria
1. Comorbid disorders (exception: oppositional defiant disorder and dyslexia)
2. While this was not enlisted as an explicit exclusion criteria, all participants were free from neurological
disorders. Stimulant medication did not have to be discontinued prior to testing or assessment, but
was permitted during training, at the same dosage.

Interventions

Experimental intervention: EEG neurofeedback
Session numbers, frequency, duration: 25 training sessions within 13 days of training. Each training
session was approximately 50 minutes in duration (i.e. 120 trials were presented in a random order,
50% negativity trials and 50% positivity trials. Each trial lasted for eight seconds - two-seconds baseline
period, six-seconds feedback period).
Parameters trained per session: Slow cortical potential training whereby the participants' task was
"[...] to find appropriate strategies to change the color of an object on the screen from white to red in
negativity trials and from white to blue in positivity trials by modulating their brain electrical activity"
Electrode location: Cz, active lead; mastoids, reference; and above and below the left eye, electrodes
to record vertical eye movement
Feedback mode: visual feedback (i.e. change the colour of an object on a computer screen in front of
the participants from white to red, and from white to blue)
Follow-up training/Booster session: no
Control intervention: wait-list control
Session number, frequency, duration: not applicable
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
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Follow-up training/Booster session: no
Outcomes

Outcomes of interest
1. Participant EEG profile ratings: post-training assessment mean amplitude of P3 elicited during a Continuous Performance Task (Van Leeuwen 1998)
2. Inhibition: post-training assessment scores from the cued Continuous Performance Task (Van
Leeuwen 1998) (impulsivity errors ("O-not-X"))
3. Rated behavioural markers: post-training assessment scores from the Fremdbeurteilungsbogen für
hyperkinetische Störungen (FBB-HKS) (Döpfner 2000) (parent ratings)
Note: none
Timing of outcome assessment
1. Pre-training, baseline assessment (first day of training)
2. Post-training assessment (last day of training, approximately three weeks from baseline assessment)

Notes

Funding source: The study was supported, in part, by Hogrefe Verlag, Göttingen and several International Service Clubs from the Göttingen area.
Conflict of interest: unclear
Study start date: unclear
Study end date: unclear

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Quote: "Subjects were randomly assigned to both groups."

Allocation concealment
(selection bias)

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Selective reporting (reporting bias)

Low risk

Comment: The prescribed outcome measures in the methods section match
the outcome measures reported in the results section. Significant and non-significant results were disclosed.

Other bias

Unclear risk

Comment: Insufficient reporting to permit judgement of 'low risk' or 'high risk'
of bias.

Comment: The allocation sequence were described with insufficient reporting
to permit a judgement of 'low risk' or 'high risk' of bias.
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Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: Australia
Age: mean = 9.81 years (range = 7.3-12.8 years)
Sample size*: 44 participants
1. experimental intervention group: 22 participants
2. control intervention group: 22 participants
(*Note: The total sample size comprised 85 participants. Out of the 85 participants, 41 children did not
have a formal diagnosis, but displayed similar behavior to children with clinically diagnosed ADHD. Given the review's inclusion criteria, we considered data of the 44 children with clinically diagnosed ADHD,
only.)
Sex: 31 boys, 13 girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria):
Inclusion criteria
1. Received a professional diagnosis of ADHD within the last 24 months by a clinical psychologist, or a
child psychiatrist, as per the DSM-IV criteria (APA 1994)
Exclusion criteria
1. Epileptic seizures, periods of unconsciousness, serious head injuries, significant psychological disorder, and/or displaying lower than expected academic abilities as measured by the WIAT-II, or not displaying behaviours similar to ADHD

Interventions

Intervention: EEG neurofeedback (Hardware: ThinkWave and MindWave, Neurosky, San Jose, CA; Software: Focus Pocus, Neurocognitive Solutions Pty Ltd, Australia)
Session number, frequency, duration: Participants were asked to complete 25 sessions at home (i.e.
three to four sessions per week), for a period of six to eight weeks. Each session was approximately 20
minutes in duration, and comprised of 14 mini games, presented in random order (i.e. four working
memory games, four inhibitory control games, six neurofeedback games).
Parameters trained per session: unclear. "In each training session, two NF games were driven by Attention, two by Relaxation, and two by Zen feedback; in a random order."
Electrode location: unclear; however, a 10 mm active electrode was used, and an ear-clip reference
ground electrode
Feedback mode: visual feedback
Follow-up training/booster sessions: no
Control intervention: wait-list control
Session number, frequency, duration: not applicable
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
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Follow-up training/booster sessions: not applicable
Outcomes

Outcomes of interest
1. Inhibition: post- training assessment scores from a Go/No-go task (response accuracy on No-go trials)
2. Updating of working memory: post-training assessment scores from the visual counting span (Engle
1999) (response accuracy)
3. Updating of working memory: post-training assessment scores from the Auditory Digit Span task (response accuracy)
4. Rated behavioural markers: post-training assessment scores from the Conners 3rd Edition - Parent
School Form (Conners 3-P) (Conners 2008)
5. Rated behavioural markers: post-training assessment scores from the ADHD Rating Scale IV (ADHD-RS)
(DuPaul 1998) (parents and teacher ratings)
Note: To address the issue of multiplicity in this review we considered outcomes of interest one, two,
and five (parent ratings).
Timing of outcome assessment
1. Pre-training, baseline assessment (prior to training)
2. Post-training assessment (seven to nine weeks after baseline assessment)

Notes

Funding source: This study was funded by a University of Wollongong, University Research Committee, Research Partnerships Grant, with Neurocognitive Solutions Pty Ltd as the partner organisation (FAPP-1.11.5).
Conflict(s) of interest: Stuart J Johnstone and Steven J Roodenrys are co-inventors of intellectual
property licensed by the University of Wollogong (UOW) to Neurocognitive Solutions Pty Ltd and are
entitled to a small portion of royalties received by UOW in relation to the sale of any product that uses the UOW intellectual property. This intellectual property makes up a proportion of the intellectual
property used in Focus Pocus. Kirsten Johnson, Rebecca Bonfield, and Susan J Bennett declare that
there are no actual or potential conflicts of interest including any financial, personal or other relationships with other people or organizations within 3 years of beginning the submitted work that could inappropriately influence, or be perceived to influence, their work. The funding sources did not have a
role in study design, collection, analysis, and interpretation of data, writing of the manuscript, nor the
decision to submit the article for publication.
Study start date: unclear
Study end date: unclear

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

Quote: "Children were randomly assigned to a waitlist control (WL) or training
(TR) condition, based on a random permutation calculator (http://www.randomizer.org)."
Comment: The allocation sequence and a random component in this sequence were described.

Allocation concealment
(selection bias)

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Quote: "Symptom severity reductions were specific to the AD/HD group according to teachers and a significant-other who were blinded to condition allocation."
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Comment: Participants and personnel were probably not blinded. It is unclear
how the lack of blinding may have impacted the outcome assessment.
Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Comment: Missing outcome data were balanced in numbers across intervention groups, with similar reasons for missing data across groups.

Selective reporting (reporting bias)

High risk

Comment: At least one outcome of interest to this review is reported incompletely so that it cannot be entered into a meta-analysis.

Other bias

High risk

Comment: Although three out of five co-authors stated that no conflict of interest persisted, two co-authors were co-inventors of intellectual property that
was used in the neurofeedback software in this study. This constitutes a potential source of bias.

Kouijzer 2010

Study characteristics
Methods

Randomized controlled trial (parallel groups)

Participants

Country: The Netherlands
Age:
1. experimental intervention group: mean = 9.43 years (SD = 1.44 years)
2. control intervention group: mean = 9.14 years (SD = 1.34 years)
Sample size: 20 participants
1. experimental intervention group: 10 participants
2. control intervention group: 10 participants
Sex: 17 boys, three girls
1. experimental intervention group: nine boys, one girl
2. control intervention group: eight boys, two girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria):
Inclusion
1. Aged eight to 12 years old
2. Met the diagnostic criteria for autistic disorder, Aspergers disorder, or pervasive developmental disorder - not otherwise specified (PDD-NOS), as outlined in DSM-IV (APA 1994) (diagnosis confirmed "by
a certified child psychiatrist or health care psychologist")
3. IQ of at least 80
Exclusion
1. children who were taking medication
2. "history of severe brain injury"
3. comorbid disorders (e.g. ADHD or epilepsy)
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Interventions

Experimental intervention: EEG neurofeedback (NeXus-4 amplifier and recording system)
Session numbers, frequency, duration: two training sessions per week at the participants' schools
(total number of sessions was 40). Each training session comprised of seven, 3-minute intervals of EEG
feedback. Each session was separated by a one-minute rest interval. Each session was approximately
45 minutes in duration.
Parameters trained: inhibit excessive theta
Electrode location: Cz, Fz, or F4 as the active lead (the location was determined by the individual participants quantitative EEG (QEEG) recording). Mastoids were the ground and reference electrodes
Feedback mode: visual and auditory feedback that fit the participant's age and interest
Follow-up training/Booster session: no
Control intervention: wait-list control
Session number, frequency, duration: unclear
Parameters trained per session: unclear
Electrode location: unclear
Feedback mode: unclear
Follow-up training/Booster session: no

Outcomes

Outcomes of interest
1. Participant EEG profile rating: post-training assessment EEG power spectra (theta power) during an
eyes open, eyes closed, and Stroop condition
2. Inhibition: post-training assessment scores from the Stroop task (Stroop 1935) (verbal response inhibition)
3. Rated behavioural markers: post-training assessment from the Social Communication Questionnaire
(SCQ) (Rutter 2003, Warreyn 2004)
Notes: none
Timing of outcome assessment
1. Pre-training, baseline assessment (one week prior to first training session)
2. Post-training assessment (one week after the last training session was completed)
3. Follow-up assessments (six months after training was completed)

Notes

Funding source: There was no funding for this study.
Conflict of interest: The study authors reported that there were no conflicts of interest.
Study start date: January 2008
Study end date: November 2010

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Quote: "Participants were randomly appointed to the neurofeedback treatment and the control group (...)."
Comment: The allocation sequence was described insufficiently to permit a
judgement of 'low risk' or 'high risk' of bias.
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Allocation concealment
(selection bias)

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk

Comment: While no data appeared to be missing, this study did not appear to
address this outcome either.

Selective reporting (reporting bias)

Low risk

Comment: The prescribed outcome measures in the methods section match
the outcome measures reported in the results section. Significant and non-significant results were disclosed.

Other bias

Low risk

Comment: There is no indication that the neurofeedback equipment also belonged to the study authors.

Kouijzer 2013

Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: The Netherlands
Age:
1. experimental intervention group: mean = 15 years 3 months (SD = 1 year 5 months)
2. control intervention group 1: mean = 15 years 9 months (SD = 1 year 5 months)
Sample size: 26 participants
1. experimental intervention group: 13 participants (7 responders, 6 non-responders)
2. control intervention group one: 13 participants
Sex: 21 boys, five girls
1. experimental intervention group: 10 boys, three girls
2. control intervention group one: 11 boys, two girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria):
Inclusion criteria
1. Aged 12 to 18 years old
2. Met the diagnostic criteria for autistic disorder, Aspergers disorder, or pervasive developmental disorder - not otherwise specified (PDD-NOS), as outlined in DSM-IV-TR (APA 2000) (diagnosis confirmed
"by a certified child psychiatrist or health care psychologist")
Exclusion criteria
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1. "History of severe brain injury"
2. Comorbid disorders (e.g. ADHD and epilepsy) (diagnosis confirmed "by a certified child psychiatrist
or health care psychologist")
Interventions

Experimental intervention: EEG neurofeedback (NeXus-4 amplifier and recording system)
Session numbers, frequency, duration: two training sessions per week at the participants' schools
(total number of sessions was 40). Each training session comprised of seven, 3-minute intervals of EEG
feedback. Each session was separated by a one-minute rest interval. Each session was approximately
45 minutes in duration.
Parameters trained per session: inhibit theta (as specified by the Neuroguide database)
Electrode location: Cz or FCz, active lead (the location was determined by their pre-training EEG
recording); and mastoids, reference electrode
Feedback mode: visual and auditory feedback (i.e. a film clip with sound that was selected to be of interest to the participants)
Follow-up training/Booster session: no
Control intervention one: wait-list control
Session number, frequency, duration: not applicable
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/Booster session: no
Control intervention two: skin-conductance biofeedback
Notes: This control intervention does not meet our control interventions of interest. Therefore, we did
not consider this group’s data.

Outcomes

Outcomes of interest
1. Participant EEG profile ratings: post-training assessment EEG power spectra, during a two-back task,
an eyes open, or an eyes closed condition
2. Inhibition: post-training assessment scores from the Stroop task (Franzen 1987) (verbal response inhibition)
3. Updating of working memory: post-training assessment scores from the Digit Span subtest, of the
dutch version of the Wechsler Intelligence Scale for Children, 3rd edition (Kort 2002)
4. Rated behavioural markers: post-training assessment scores from the the Social Communication
Questionnaire (SCQ) (Rutter 2003; Warreyn 2004)
5. Rated behavioural markers: post-training assessment scores from the the Clinical Global Impression
Scale (Guy 1976)
Note: To address the issue of multiplicity in this review we considered data from responders at posttraining assessment only, and outcomes of interest one, two, three, and four.
Timing of outcome assessment
1. Pre-training, baseline assessment (one week prior to first training session)
2. Post-training assessment (one week after the last training session was completed)
3. Follow-up assessments (six months after training was completed)

Notes

Funding source: Fonds NutsOhra
Conflict of interest: The study authors reported that there were no conflicts of interest.
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Study start date: May 2009
Study end date: November 2010

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Quote: "These participants were randomly assigned to the EEG-biofeedback,
SC-bio- feedback or waiting list group."
Comment: The allocation sequence was described insufficiently to permit a
judgement of 'low risk' or 'high risk' of bias.

Allocation concealment
(selection bias)

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Quote: "Participants and parents were blinded for treatment allocation to
EEG- or SC-biofeedback groups, but not for the waiting list group."

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Selective reporting (reporting bias)

High risk

Comment: At least one outcome of interest to this review is reported incompletely so that it cannot be entered into a meta-analysis.

Other bias

Low risk

Comment: There is no indication that the neurofeedback equipment also belonged to the study authors.

Comment: Incomplete blinding occurred. It is not clear how this may or may
not have affected the results.

Lee 2017

Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: Korea
Age:
1. experimental intervention group: mean = 8.72 years (SD = 2.42 years)
2. control intervention group: mean = 8.78 years (SD = 1.83 years)
Sample size: 36 participants
1. experimental intervention group: 18 participants
2. control intervention group: 18 participants
Sex: 27 boys, nine girls
1. experimental intervention group: 16 boys, two girls
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2. control intervention group: 11 boys, seven girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria):
Inclusion criteria
1. Met the diagnostic criteria for ADHD as outlined in DSM-IV-TR (APA 2000)
Exclusion criteria
1.
2.
3.
4.
5.
6.
Interventions

Medication use (other than those prescribed for ADHD)
Comorbid disorder (oppositional defiant disorder or anxiety disorder were permitted)
Neurological or cardiovascular disease, or both
Current participation in clinical trial
Previous neurofeedback training
IQ below 80 points

Experimental intervention: EEG neurofeedback and medication
Session number, frequency, duration: Participants received 20 sessions of neurofeedback (i.e. two
times per week, for 2.5 months, or 10 weeks). Each session was 60 minutes long (25 minutes on site C3,
and 25 minutes on site C4, including a break) and included approximately 20 minutes of uninterupted
EEG neurofeedback training.
Parameters trained per session: inhibit theta and high beta; and reinforce sensorimotor rhythm or
beta
Electrode location: C3 or C4, active lead; left ear or right ear, reference electrode; and left or right earlobe, ground electrode
Feedback mode: auditory and visual feedback (game format, airplane)
Follow-up training/booster sessions: no
Control intervention: medication
Session number, frequency, duration: unclear
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/booster sessions: no

Outcomes

Outcomes of interest
1. Inhibition: post-training assessment scores from the Continuous Performance Task, ADS (ADHD Diagnostic System) (Hong 1999) (number of commission errors)
2. Rated behavioural markers: post-assessment scores from the ADHD Rating Scale IV (ADHD-RS) (DuPaul
1998)
3. Rated behavioural markers: post-assessment scores from the Conners-3 parent and teacher ratings
(Conners 1970)
Note: To address the issue of multiplicity in this review we considered outcomes of interest one and
three (parents)
Timing of outcome assessment
1. Pre-training assessment (baseline assessment, prior to training)
2. Post-training assessment (after training was completed)
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Notes

Funding source: Research promoting grant from the Keimyung University Dongsan Medical Center, Korea Brain Research Institute (basic research program Grant No. 2231-415)
Conflict(s) of interest: The authors did not report any conflicts of interest with respect to the research,
authorship, and/or publication of this article.
Study start date: unclear
Study end date: unclear

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

Quote: "Participating children were randomly assigned (1:1 assignment using
random block sizes of 2), to either NF with medication (combined condition) or
medication treat-ment (control condition) group."
Comment: The allocation sequence and a random component in this sequence were described.

Allocation concealment
(selection bias)

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Selective reporting (reporting bias)

High risk

Comment: At least one outcome of interest to this review is reported incompletely so that it cannot be entered into a meta-analysis.

Other bias

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Liao 2015

Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: Taiwan
Age:
1. experimental intervention group: mean = 9.75 years (SD = 0.72 years)
2. control intervention group: mean = 10.78 years (SD = 2.13 years)
Sample size: 22 participants
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1. experimental intervention group: 12 participants
2. control intervention group: 10 participants
Sex: 17 boys, five girls
1. experimental intervention group: 10 boys, two girls
2. control intervention group: seven boys, three girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria):
Inclusion criteria
1. Aged seven to 14 years
2. Met the diagnostic criteria for ADHD as outlined in DSM-IV-TR (APA 2000)
3. IQ estimate greater than 75 points on the Wei's Children's Intelligence Scale (Fourth edition of the
Chinese Version, WISC-IV) (Chen 2007)
4. Concurrent pharmacological interventions were permitted
Exclusion criteria
1. brain injury, epilepsy, or extensive developmental disorders
Interventions

Experimental intervention: "Will Well Neurofeedback" (Hardware: Thought Technology Ltd. PROCOMP INFINITY SYSTEM. Software: BioGraph InfinitiTM)
(Will Well Neurofeedback is a "novel neuropsychotherapy program" that combines "Comprehensive Attention Training Systems (CATS) and the concept of autonomy throughout the whole training process
with neurofeedback technique").
Session numbers, frequency, duration: A total of 20 hours of training (i.e. once a week, 2 hours of
training, total of 10 weeks worth of training)
Parameters trained per session: inhibit theta, reinforce beta, inhibit theta/beta ratio
Electrode location: F3 and F4
Feedback mode: visual and auditory feedback
Follow-up training/Booster session: no
Control intervention: wait-list control
Session number, frequency, duration: not applicable
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/Booster session: no

Outcomes

Outcomes of interest
1. Inhibition: post-assessment scores from the response inhibition subtest of the Comprehensive Nonverbal Attention Test (Guo 2002, Guo 2003, Guo 2005) (impulse errors)
2. Rated behavioural markers: post-assessment scores from the SNAP-IV Parent Version (SNAP-IV)
(Swanson, Nolan, Pelham, version IV) (Liu 2006, Gau 2008) (hyperactivity/impulsivity)
3. Rated behavioural markers: post-assessment scores from the Daily Executive Function Behavior
Scale-Children's Edition (Ni 2011)
Notes: To address the issue of multiplicity in this review we considered outcomes of interest one (impulse errors) and two (hyperactivity/impulsivity)
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Timing of outcome assessment
• Pre-training, baseline assessment (before the start of training)
• Post-training assessment (after the end of training)
Notes

Funding source: National Science Council, Accounting Number NSC 98-2410-H-006-020-MY3
Conflict(s) of interest: unclear
Study start date: unclear
Study end date: unclear

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Comment: Randomisation took place. However, insufficient reporting occurred to permit a judgement of 'low risk' or 'high risk' of bias.

Allocation concealment
(selection bias)

Unclear risk

Comment: Randomisation took place. However, insufficient reporting occurred to permit a judgement of 'low risk' or 'high risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Comment: Blinding did not take place. It is unclear how this may have affected the outcomes.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Blinding did not take place. It is unclear how this may have affected the outcome measurements.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Comment: No data appear to be missing, and no participants appeared to
have dropped out up to the time point that is of interest to this review (i.e.
post-training assessment).

Selective reporting (reporting bias)

Low risk

Comment: The study protocol was not available, but it is clear that this published report included the expected outcomes that were of interest to this review

Other bias

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Lim 2019

Study characteristics
Methods

Randomised controlled trial (cross-over groups)

Participants

Country: Singapore
Age:
1. experimental intervention group: mean = 8.7 years (SD = 1.37 years)
2. control intervention group: mean = 8.6 years (SD = 1.69 years)
Sample size: 163 participants
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1. experimental intervention group: 81 participants
2. control intervention group: 82 participants
Sex: 138 boys, 25 girls
1. experimental intervention group: 69 boys, 12 girls
2. control intervention group: 69 boys, 13 girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria):
Inclusion criteria
1. Aged six to 12 years
2. Met the diagnostic criteria for ADHD as outlined in DSM-IV-TR (APA 2000)
3. Previous pharmacological treatment or fish oil supplementation was permitted if a washout period
of a minimum of four weeks was applied until the start of the intervention
4. Significant inattentive symptoms, as indicated by the parent interview schedule, the Computerized
Diagnostic Interview Schedule for Children Version IV (CDISC-IV) (Shaffer 2000)
Exclusion criteria
1. "children with intellectual disability, epilepsy and severe sensori-neural deficit or co-existing psychiatric disorder which would interfere with their ability to complete the computer-based training activities."
Interventions

Experimental intervention: EEG neurofeedback (or brain computer interface-based attention training
game system as referred to by the study authors)
Session number, frequency, duration: 24 training sessions (and 3 maintenance sessions), spread over
eight weeks (i.e. three sessions per week)*. Each session consistent of a calibration phase, and two (10minute) training games.
(*Notes: The total duration of the program was 20-weeks. In keeping with this review protocol, we are
considering the first phase of eight weeks only)
Parameters trained per session: "feedback signal may comprise an optimum combination of multiple
rhythmic activities from one or multiple channels, and may capture each user’s attention-neurophysiological profile more accurately."
Electrode location: Fp1 and Fp2
Feedback mode: unclear
Follow-up training/booster sessions: no
Control intervention: wait-list control
Session number, frequency, duration: not applicable
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/booster sessions: no

Outcomes

Outcomes of interest
1. Adverse effects: post-training assessment scores of the Pediatrics adverse events rating scale (PAERS)
(March 2007)
2. Rated behavioural markers: post-training assessment scores from the ADHD Rating Scale IV (ADHD-RS)
(DuPaul 1998) (hyperactivity/impulsivity)
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Note: none.
Timing of outcome assessment
1. Pre-training assessment (baseline assessment for both groups, prior to training)
2. Assessment for the experimental intervention group, at 8, 20, and 24 weeks
3. Assessment for the control intervention group, at 8, 16, 28, and 32 weeks
Notes

Funding source: National Medical Research Council of Singapore (http://www.nmrc.gov.sg/). Grant
Number CIRG11nov087
Conflict(s) of interest: The authors did not report any conflicts of interest with respect to the research,
authorship, and/or publication of this article.
Study start date: January 2011
Study end date: May 2016

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

Quote: "The system automatically assigns the eligible patients to the treatment groups upon entering patient’s initials and details of stratification factors."
Comment: The allocation sequence and a random component in this sequence were described.

Allocation concealment
(selection bias)

Low risk

Quote: "[...] authorized study personnel used a password-protected webbased system that implemented the randomization sequence."
Comment: Central allocation likely took place.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Quote: "[...] patients, their parents and study investigators were aware of the
treatment allocation [...]". "[...] teachers who provided feedback were kept
blinded to the treatment allocation".
Comment: Incomplete blinding took place. It is unclear how the incomplete
blinding may have may have introduced performance bias.
Quote: "[...] clinicians who conducted outcome assessments and the teachers who provided feedback were kept blinded to the treatment allocation. Patients and their parents were regularly advised not to inform the clinicians and
teachers of the group the patients were allocated."
Comment: Blinding of outcome assessors occurred, but it is unclear if the
blinding was broken and how this may have influenced the outcome measurement.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Comment: Missing outcome data balanced across the intervention groups,
with similar reasons for missing data across groups.

Selective reporting (reporting bias)

High risk

Comment: At least one of the outcomes of interest to this review were reported incompletely. We, therefore, rated the risk of reporting bias as high.

Other bias

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.
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Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: Spain
Age:
1. experimental intervention group: mean = 9.53 years (SD = 1.80 years)
2. control intervention group: mean = 8.90 years (SD = 1.53 years)
Sample size: 23 participants
1. experimental intervention group: 12 participants
2. control intervention group: 11 participants
Sex: 12 boys, 11 girls
1. experimental intervention group: six boys, six girls
2. control intervention group: six boys, five girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria):
Inclusion criteria
1. Scored above "the 90th percentile on the ADHD Rating Scale IV (ADHD-RS) teacher version, and above
the 80th percentile on the parent version (DuPaul 1998)"
2. Scored over "seven (from 24) points on the Oppositional Defiant Disorder Rating Scale for parents and
teachers, based on DSM-IV (ODDRS-IV) (Hommersen 2006; Molina 2001)"
3. Scored under five in any academic area (i.e. reading, reading comprehensive, writing, math, and oral
expression), as assessed by the class teacher using a Likert scale from one to 10 (one = very bad to
10 = excellent)
Exclusion criteria: no information provided. However, according to the author's reports, participants
were excluded when children had comorbid disorders other than oppositional defiant disorder, and
took medication while receiving EEG neurofeedback intervention.

Interventions

Intervention: EEG neurofeedback (Atlantis II 2×2 equipment from BrainMaster)
Session number, frequency, duration: two individual training sessions a week, until 40 sessions were
completed. Each session was 35 minutes in duration, and was composed of an initial 30-second baseline, followed by six, four-minute runs.
Parameters trained per session: "theta/beta sessions". Exact parameters are unclear.
Electrode location: Cz, active lead for seven- to 11-year-old participants; and FCz, active lead for participants older than 11 years old
Feedback mode: auditory and visual feedback (i.e. embedded in computer games such as puzzles,
races, Pac-Man, etc.)
Follow-up training/booster sessions: yes. After the post-training assessment was completed, parents
of the intervention group were free to choose medication for their children (i.e. naturalistic follow-up).
Control intervention: immediate, intermediate and osmotic-controlled released oral delivery system
(OROS) methylphenidate
Session number, frequency, duration: Participants received an inferior dosage of one mg of
methylphenidate, per kg of body weight, per day. The methylphenidate was administered in its differ-
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ent formulates (i.e. immediate, intermediate release, and osmotic-controlled release oral delivery system).
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/booster sessions: no. However, children continued to receive medication during
post-training, and follow-up assessments.
Outcomes

Outcomes of interest
1. Rated behavioural markers: post-training assessment scores of the ADHD Rating Scale IV (ADHD RSIV) (DuPaul 1998; Servera 2007) (mother, father, and teacher ratings, for hyperactivity/impulsivity)
Note: To address the issue of multiplicity in this review we considered mother ratings at post-training
assessment only.
Timing of outcome assessment
1. Pre-training, baseline assessment (one weeks prior to training)
2. Post-training assessment (after 40 sessions for the experimental intervention group, and five months
after starting medication for the control intervention group)
3. Follow-up assessment one (two-month follow-up)
4. Follow-up assessment two (six-month follow-up)

Notes

Funding source: The Spanish State Department of Science and Innovation (Plan Nacional I+D+I/
PSI2008-06008-C0201), the Government of Illes Balears and the Social European Fund (FPI10X-6594122E)
Conflict(s) of interest: The authors did not report any conflicts of interest with respect to the research,
authorship, and/or publication of the article. Furthermore, the authors reported that the funding
source had no involvement in the study design, collection, analysis and interpretation of data, in the
writing of the report, or in the decision to submit the article for publication.
Study start date: unclear
Study end date: unclear

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

Quote: "A random number table was used as a randomization method"

Allocation concealment
(selection bias)

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Comment: The allocation sequence and a random component in this sequence were described.
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Comment: reasons for missing outcome data unlikely to be related to true
outcome

Selective reporting (reporting bias)

Low risk

Comment: The prescribed outcome measures in the methods section match
the outcome measures reported in the results section. Significant and non-significant results were disclosed.

Other bias

Low risk

Comment: There is no indication that the neurofeedback equipment also belonged to the study authors.

Moreno-Garcia 2015

Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: Spain
Age:
1. experimental intervention group: mean = 9.21 years (SD = 1.90 years)
2. control intervention group one: mean = 9.21 years (SD = 2.20 years)
3. control intervention group two: mean = 8.11 years (SD = 1.30 years)
Sample size: 57 participants
1. experimental intervention group: 19 participants
2. control intervention group one: 19 participants
3. control intervention group two: 19 participants
Sex: 44 boys, 13 girls
1. experimental intervention group: 15 boys, four girls
2. control intervention group one: 15 boys, four girls
3. control intervention group two: 14 boys, five girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria):
Inclusion criteria
1. Aged seven to 14 years old
2. Met the diagnostic criteria for ADHD as outlined in DSM-V (APA 2013), "using a clinical assessment
based on a psychiatric interview for parents; the Clinical Interview Form for Child and Adolescent
ADHD Patients; and get a score above the 90th percentile on The ADHD Rating Scale-IV (ADHD-RS)
(Teacher Version), and above the 80th on the parent' version (DuPaul 1998)"
3. No prior use of medication prior to the first consultation
4. Free from comorbid disorders and chronic, or current medical illness
Exclusion criteria: unclear

Interventions

Intervention: EEG neurofeedback
Session number, frequency, duration: four individual training sessions a week, until 30 sessions were
completed. Each session was 24 minutes in duration, and was composed of an initial 30-second baseline, followed by six, four-minute runs.
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Parameters trained per session: Participants received "theta/beta training sessions". Exact parameters unclear.
Electrode location: Cz, active lead for seven- to 11-year-old participants; and FCz, active lead for participants older than 11 years old
Feedback mode: auditory and visual feedback (animation, accompanied by tones)
Follow-up training/booster sessions: no
Control intervention one: immediate, intermediate and osmotic-controlled released oral delivery system (OROS) methylphenidate
Session number, frequency, duration: one mg methylphenidate per kilo of body weight, per day
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/booster sessions: no
Control intervention two: behavioural therapy (treatment as usual)
Session number, frequency, duration:
1. Each child received 15 sessions of cognitive-behavioural therapy; each session lasted 50 minutes
2. Parents received 10 sessions based on the Parent Training Program; the sessions were weekly and
each session lasted 90 minute duration
3. Teachers received five group training sessions on strategies for behaviour modification in the classroom, and curricular adaptations for ADHD
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/booster sessions: no
Outcomes

Outcomes of interest
1. Participant EEG profile ratings: post-training assessment theta-beta ratio
2. Inhibition: post-training assessment full-scale response control quotient that emerged from the Integrated Visual and Auditory Continuous Performance Test (IVA/CPT)
Note: none.
Timing of outcome assessment
1. Pre-training, baseline assessment (one week prior to training commencement)
2. Post-training assessment (upon completion of the intervention, in all cases after 20 weeks)
3. Follow-up assessment (within two months upon completion of the interventions)

Notes

Funding source: Plan Nacional i+d+i (National Research, Development and Innovation Program)
(PSI2008-06008-C02-01)
Conflict(s) of interest: unclear
Study start date: unclear
Study end date: unclear
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Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

Quote: "The randomization was done according to a random number chart".

Allocation concealment
(selection bias)

High risk

Comment: The allocation sequence and a random component in this sequence were described.
Quote: "Random numbers were assigned in each case sorted by derivation
and study entry".
Comment: The assigning via derivation and study entry can be considered an
explicitly unconcealed procedure.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of outcome assessment (detection bias)
All outcomes

Low risk

Quote: "In each phase, the evaluation was done by ‘‘blind’’ evaluators who
were not aware which type of therapy children had received."

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Selective reporting (reporting bias)

Low risk

Comment: The data for all outcome of interests to this review are available.

Other bias

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Comment: Evaluators were blinded, and the outcome assessment was not
likely to have been influenced by the lack of blinding.

Rajabi 2019

Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: Iran
Age:
1. experimental intervention group: mean = 10.20 years (SD = 1.03 years)
2. control intervention group: mean = 10.05 years (SD = 0.83 years)
Sample size: 32 participants
1. experimental intervention group: 16 participants
2. control intervention group: 16 participants
Sex: All male.
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria)
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Inclusion criteria
1. Met the diagnostic criteria for ADHD, as outlined in DSM-V (APA 2013)
Exclusion criteria
1. Full scale intelligence quotient of less than 85 points
2. Comorbid disorder (oppositional defiant disorder, depression, and anxiety disorder permitted), neurological or cardiovascular disorder, visual problem
3. Simultaneous participation in another clinical trial or had received neurofeedback in the past
4. "Used of medication for conditions other than ADHD"
Interventions

Experimental intervention: EEG neurofeedback (ProComp2 hardware by Thought Technology, Canada; SmartMind software) in combination with computerised tomography
Session numbers, frequency, duration: Three training sessions per week, for 30 sessions (over three
months or 12 weeks). Each training session was 45 minutes in duration.
Parameters trained per session: inhibit theta and reinforce beta, or inhibit theta and high beta and reinforce sensorimotor rhythm
Electrode location: First 15 sessions Cz and C1 toC5, active lead; second 15 sessions, FCz and C1 toC5,
active lead
Feedback mode: visual and auditory feedback (i.e. "a sound of music and cheer, receiving stars, scoring a soccer ball, or hooking fish to the hook")
Follow-up training/booster session: no
Control intervention: wait-list control
Session number, frequency, duration: not applicable
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/booster session: no

Outcomes

Outcomes of interest
1. Participant EEG profile ratings: post-training assessment sensorimotor rhythm, beta, theta power,
and theta/beta ratio
2. Inhibition: post-training assessment full-scale response control quotient that emerged from the Integrated Visual and Auditory Continuous Performance (Berginström 2015)
3. Rated behavioural markers: post-training assessment scores from the Conners' Parent and Teacher
Rating Scale-Revised (Conners 2002a) (hyperactivity/impulsivity)
Note: To address the issue of multiplicity in this review we considered data at the most commonly used
scalp recording site, Cz, and parent-rated behavioural markers only.
Timing of outcome assessment
1. Pre-training, baseline assessment
2. Post-training assessment (after the training was completed, approximately after 12 weeks of training)

Notes

Funding source: Persian Gulf University research grant
Conflict of interest: unclear
Study start date: unclear
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Study end date: unclear

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Quote: "The children were assigned to either NF or WL (waiting list control)
group in a randomized double-blind trial."
Comment: Randomisation took place. However, insufficient reporting occurred to permit a judgement of 'low risk' or 'high risk' of bias.

Allocation concealment
(selection bias)

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Quote: "The children were assigned to either NF or WL (waiting list control)
group in a randomized double-blind trial"

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Comment: No outcome data appears to be missing.

Selective reporting (reporting bias)

Low risk

Comment: The study protocol is not available, but it is clear that this published report included the expected outcomes that were of interest to this review.

Other bias

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Comment: participants and personnel were likely to be blinded. However,
there is insufficient reporting on the blinding procedure, or indeed whether
the blinding could have been broken, to permit a judgement of 'low risk' or
'high risk' of bias.
Quote: "The children were assigned to either NF or WL (waiting list control)
group in a randomized double-blind trial"
Comment: outcome assessors were likely to be blinded. However, there is insufficient reporting on the blinding procedure, or indeed whether the blinding could have been broken, to permit a judgement of 'low risk' or 'high risk' of
bias.

Shereena 2018

Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: India
Age:
1. experimental intervention group: mean = 8.7 years (SD = 1.83 years)
2. control intervention group one: mean = 9.7 years (SD = 2.38 years)
Sample size: 30 participants
1. experimental intervention group: 15 participants
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2. control intervention group one: 15 participants
Sex: 28 boys, 2 girls
1. experimental intervention group: 13 boys, two girls
2. control intervention group one: 15 boys, no girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria):
Inclusion criteria
1. Aged six to 12 years old
2. Met the diagnostic criteria for ADHD as outlined in the ICD-10 (WHO 1993), and confirmed via a semi-structured clinical interview, and the Conners ADHD Rating Scale
3. IQ higher than 70 points as measured via the Binet-Kamat test of intelligence (BKT) (Kamat 1967)
4. Free from neurological or other disorder
5. Concurrent medication was permitted during the study, and not controlled
Exclusion criteria
1. Comorbid conditions (but conduct disorder, specific learning disability, emotional disorders are permitted)
Interventions

Intervention: EEG neurofeedback (BrainMaster Atlantis system, BrainMaster Technologies, Inc, Bedford, OH)
Session number, frequency, duration: three to four sessions per week, for a total of 40 sessions. Total
duration of the intervention was 14 to 20 weeks. Each session started with a 2-minute baseline condition (no feedback provided). The first 20 sessions were 20 minutes long (i.e. 10, 2-minute runs). The second 20 sessions were 40 minutes long (i.e. 20, 2-minute runs).
Parameters trained per session: inhibit theta, and reinforce beta
Electrode location: C3, active lead
Feedback mode: visual feedback
Follow-up training/booster sessions: no
Control intervention: "Routine clinical management" consisting of medication (i.e. methylphenidate,
clonidine, atomoxetine, or a combination of drugs), behavior therapy, parent management training
and attention enhancement strategies
Session number, frequency, duration: unclear
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/booster sessions: no

Outcomes

Outcomes of interest
1. Inhibition: post-assessment scores from the n-back tasks (Smith 1995) (the commission errors)
2. Inhibition: post-assessment scores from the Go Nogo task (Rubia 2001) (correct no-go trials, commission errors)
3. Inhibition: post-assessment scores from the Color Cancellation Test (Kapur 1978) (commission errors)
4. Working memory: post-training assessment from the n-back tasks (Smith 1995) (correct responses)
5. Working memory: post-training assessment from the spatial span test (Milner 1971) (backward score)
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6. Rated behavioural markers: post-training assessment scores from the parent and teacher ADHD Rating Scales (ADHD-RS) (DuPaul 1991) (hyperactivity/impulsivity)
Note: To address the issue of multiplicity in this review we considered post-training assessment data
only, for outcomes of interest two (commission errors), five, and six (parent scores).
Timing of outcome assessment
1. Pre-training, baseline assessment (prior to the commencement of the interventions)
2. Post-training assessment (upon completion of the intervention)
3. Follow-up assessment (six months after the completion of the interventions)
Notes

Funding source: National Institute of Mental Health and Neuro Sciences (NIMHANS), Bengaluru, India
Conflict(s) of interest: The authors declare no conflicts of interest regarding the research, authorship
or publication of the information.
Study start date: unclear
Study end date: unclear

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

Quote: "Forty-three children, who fulfilled the criteria were randomly assigned
to 1 of the 2 study groups [...]"
Comment: Randomisation took place. However, insufficient reporting occurred to permit a judgement of 'low risk' or 'high risk' of bias.

Allocation concealment
(selection bias)

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Quote: "[...] 13 children (30%, TG n = 9; TAU n = 4) were dropouts (did not turn
up for ses- sions after the baseline assessment or did not complete up to 75%
of the sessions)."
Comment: Missing outcome data were reasonable balanced across both
groups, with similar reasons for missing data across groups.

Selective reporting (reporting bias)

Low risk

Comment: The study protocol is not available, but it is clear that this published report included the expected outcomes that were of interest to this review.

Other bias

Low risk

Comment: There is no indication that the neurofeedback equipment also belonged to the study authors.
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Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: Thailand
Age:
1. experimental intervention group: mean = 8.4 years (SD = 1.6 years)
2. control intervention group: mean = 9.0 years (SD = 1.5 years)
Sample size: 40 participants
1. experimental intervention group: 20 participants
2. control intervention group: 20 participants
Sex: 36 boys, four girls
1. experimental intervention group: 18 boys, two girls
2. control intervention group: 18 boys, two girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria):
Inclusion criteria
1. School grades one to six (age range six to 12 years)
2. Recent diagnosis of ADHD
Exclusion criteria
1. Comorbid condition of intellectual disability (IQ less than 70), conduct disorder, anxiety disorder or
depressive disorder

Interventions

Experimental intervention: EEG neurofeedback (equipment supported by the National Science and
Technology Development Agency (NSTDA))
Session numbers, frequency, duration: two to four training sessions per week, for 12 weeks (30 sessions in total). Each training session was 30 minutes in duration (i.e. each training session comprised of
five games that lasted four minutes each, with a short inbetween games).
Parameters trained per session: inhibit theta; and reinforce beta
Electrode location: Fz, active lead; and earlobe, ground electrode
Feedback mode: visual feedback (i.e. game credits, such as a faster moving rocket ship)
Follow-up training/booster session: no
Control intervention: methylphenidate (short acting)
Session number, frequency, duration: A starting dose of five mg twice daily was administered (oral
intake at breakfast and lunch time). The optimum weekly dose was titrated until maximum benefit
with minimum adverse effects was achieved and administered for 12 weeks. Methylphenidate compliance was checked and monitored.
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/booster session: no
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Outcomes

Outcomes of interest
1. Rated behavioural markers: post-treatment assessment from the parent and teacher versions of the
Vanderbilt Attention-Deficit/Hyperactivity Disorder Diagnostic Rating Scales (Bard 2013; Wolraich
2013) (hyperactivity/impulsivity)
Notes: To address the issue of multiplicity in this review we considered the parent-rated scores only.
Timing of outcome assessment
1. Pre-training, baseline assessment (before the start of training)
2. Post-training assessment (after the end of training)

Notes

Funding source: unclear
Conflict of interest: The authors reported no conflicts of interest in relation to the study. However,
Pasin Israsena has a Thai patent pending on a neurofeedback artifact removal technique.
Study start date: unclear
Study end date: unclear

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

Quote: "(...)participants were randomly organized into two groups (NF or
MPH) using a block randomization (block size of 4)."
Comment: The allocation sequence and a random component in this sequence were described.

Allocation concealment
(selection bias)

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Quote: "(...) the treatment groups could not be blinded to parents and teachers."

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Quote: "Nineteen children completed all NF sessions; one dropped out due to
parental request."

Selective reporting (reporting bias)

Low risk

Comment: The prescribed outcome measures in the methods section match
the outcome measures reported in the results section. Significant and non-significant results were disclosed.

Other bias

High risk

Comment: Although six out of seven co-authors stated that no conflict of interest persisted, one co-author was a co-inventor of intellectual property that
was used in the neurofeedback software in this study. This constitutes a potential source of bias.

Comment: No masking was employed. It is unclear whether the lack of blinding may have affected the outcome measurement.

Comment: Reasons for missing outcome data were unlikely to be related to
the true outcome.
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Study characteristics
Methods

Randomised controlled trial (parallel groups)

Participants

Country: The Netherlands
Age:
1. experimental intervention group: mean = 10.5 years (SD = 2.2 years)
2. control intervention group: mean = 10.7 years (SD = 2.3 years)
Sample size: 41 participants
1. experimental intervention group: 22 participants
2. control intervention group: 19 participants
Sex: 34 boys, seven girls
1. experimental intervention group: 19 boys, three girls
2. control intervention group: 15 boys, four girls
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility criteria):
Inclusion criteria
1.
2.
3.
4.
5.

Met the diagnostic criteria for ADHD as outlined in DSM-IV-TR (APA 2000)
IQ above 80 points
Quantitative EEG (QEEG) "deviated at least 1.5 standard deviations from normative data"
No use of "psychoactive drugs, or they used a stable dose of psychostimulants or atomoxetine"
"Room for improvement, defined by a minimum score of two, on a four-point Likert scale, for at least
six items on the ADHD Rating Scale IV (ADHD-RS) (Zhang 2005)"

Exclusion criteria
1.
2.
3.
4.
5.
Interventions

Current participation in psychotherapy or clinical trial/s
Alcohol consumption, drug use, or medication (other than psychostimulants or atomoxetine)
Comorbid disorder (other than oppositional defiant disorder or an anxiety disorder)
Neurological disorder or cardiovascular disease or both
Previous neurofeedback training

Experimental intervention: EEG neurofeedback (BrainMaster Atlantis hardware and software, BrainMaster Technologies, Bedford, OH)
Session numbers, frequency, duration: Two training sessions per week (30 training sessions in total).
Each training session was 45 minutes in duration (i.e. each training session comprised of watching a
film for 20 minutes with eyes open).
Parameters trained per session: individually determined frequency bands, based on visual inspection
of the participants' raw EEG and quantitative EEG; most often: inhibit theta; reinforce low-beta activity;
or sensorimotor rhythm
Electrode location: individually determined electrode sites, based on visual inspection of the participants' raw EEG and quantitative EEG
Feedback mode: visual and auditory feedback (i.e. brightening the computer screen and presenting
auditory tones)
Follow-up training/booster session: no
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Control intervention: sham EEG neurofeedback
Session number, frequency, duration: identical to the experimental intervention section
Parameters trained per session: no intentional training occurred. Participants received feedback
based on simulated EEG signal (i.e. the signal consisted of a random signal similar to real EEG).
Electrode location: identical to the experimental intervention group
Feedback mode: identical to the experimental intervention group
Follow-up training/booster session: no
Outcomes

Outcomes of interest:
1. Updating of working memory: post-training assessment of visuospatial memory, measured by the Visuospatial Sequencing Subtest (VSS) from the Attention Network Task (ANT) (De Sonneville 1999) (zscore for the forward and backward condition)
2. Adverse effects: post-training assessment from the Pittsburgh Side Effects Rating Scale (PSERS) (Pelham 1993; Sandler 2008)
3. Rated behavioural markers: post-training assessment scores from the ADHD Rating Scale (ADHD-RS)
- Investigators-rated and teacher-rated versions (Zhang 2005) (hyperactivity/impulsivity)
4. Rated behavioural markers: post-training assessment scores from the Clinical Global Impression scale
(Guy 1976)
Notes: To address the issue of multiplicity in this review we considered outcomes of interest one, two
and three (investigator scores) at post-training assessment.
Timing of outcome assessment
1. Pre-training, baseline assessment (before the start of training)
2. Mid-training assessment (after six sessions, after 10 sessions, after 20 sessions)
3. Post-training assessment (after the end of training)

Notes

Funding source: Smartmix (Netherlands Organization for Scientific Research (NWO))
Conflict of interest: unclear
Study start date: August 2008
Study end date: May 2012

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

Quote: "Children with ADHD were stratified and then randomly assigned in a
double-blind manner (1:1 assignment using random block sizes of two) to either EEG-neurofeedback or placebo-neurofeedback (...)."
Comment: The allocation sequence and a random component in this sequence were described.

Allocation concealment
(selection bias)

Unclear risk

Quote: "The assignment was done by the principal investigator, who was not
involved in data collection."
Comment: It remains unclear how the allocation was carried out.

Blinding of participants
and personnel (performance bias)
All outcomes

Low risk

Quote: "All people involved in the study were blinded to treatment assignment, with the exception of the neurofeedback therapist and the principal
investigator, who were not involved in data collection, data entry, and data
analysis."
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Comment: Participants and personnel were likely to have been blinded.
Blinding of outcome assessment (detection bias)
All outcomes

Low risk

Quote: "All people involved in the study were blinded to treatment assignment, with the exception of the neurofeedback therapist and the principal
investigator, who were not involved in data collection, data entry, and data
analysis."
Comment: Outcome assessors were probably blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

Comment: Missing data were imputed using suitable methods. Reasons for
missing outcome data were unlikely to be related to the true outcome.

Selective reporting (reporting bias)

High risk

Comment: At least one outcome of interest to this review is reported incompletely so that it cannot be entered into a meta-analysis.

Other bias

Unclear risk

Comment: Insufficient reporting to permit a judgement of 'low risk' or 'high
risk' of bias.

ADHD: attention deficit hyperactivity disorder.
DSM: Diagnostic and Statistical Manual of Mental Disorders.
EEG: electroencephalographic.
GmbH: Gesellschaft mit beschränkter Haftung.
I+D+I: El Plan Nacional de Investigación Científica, Desarrollo e Innovación Tecnológica (Plan Nacional de I+D+I).
IQ: intelligence quotient.
LLC: limited liability company.
Ltd: limited company.
N/A: not applicable.
OROS: Osmotic Release Oral System.
Pty Ltd: proprietary limited company.
SD: standard deviation.

Characteristics of excluded studies [ordered by study ID]

Bluschke 2018

Not a randomised controlled trial

Carrick 2018

Population age was outside the six-to-18-year range

Chen 2018

No control condition for EEG neurofeedback

Hartmut 2020

The type of control group was not examined in this review

Hernández 2016

Not a randomised controlled trial

Characteristics of studies awaiting classification [ordered by study ID]
DeBeus 2004
Methods

Randomised, double-blind, placebo-controlled design

Participants

Country: unclear
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Age: between seven and 11 years old
Sample size: 26 participants
Sex: 18 boys, eight girls
Executive function problems, as defined by the neurodevelopmental problem/eligibility criteria
1. Children had ADHD (no further information available)
2. Structured clinical interview with the parents (no further information provided)
3. IQ, achievement, continuous performance test and QEEG examination (no further information
provided)
Interventions

Intervention: EEG neurofeedback
Session number, frequency, duration
1. 40 sessions
2. Frequency and duration, unclear
Parameters trained per session: unclear
Electrode location: unclear
Feedback mode: unclear
Follow-up: no
Control intervention: unclear.
Session number, frequency, duration: unclear
Parameters trained per session: unclear
Electrode location: unclear
Feedback mode: unclear
Follow-up: unclear

Outcomes

Outcomes of interest
1. Electrophysiology profiles at post-assessment. It is unclear what outcome measures were employed.
Timing of outcome assessment:
1. Pre-training, baseline assessment (timing unclear)
2. Post-training assessment (timing unclear)

Notes

Comments: We accessed the abstract and were unable to find the full-text version of this paper.
Funding source: unclear
Conflict(s) of interest: unclear
Study start and end dates: unclear
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Methods

Randomized controlled trial (parallel group)

Participants

Country: China
Age: unclear
Sample size: 56 participants
• experimental intervention group (21 participants)
• control intervention group (16 participants)
Sex: Unclear
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility
criteria): unclear. However, it appears that participants were diagnosed with ADHD, and did not receive any previous treatments for ADHD.

Interventions

Experimental group intervention: EEG neurofeedback (or "Electroencephalogram biofeedback"
as specified in this article)
Session numbers, frequency, duration
• three to five sessions per week, for three months (i.e. total of 35 to 40 sessions)
• Each training session consisted of five stages (i.e. five minutes per stage), whereby the first stage
was to detect the base level, and ensure the training objective. The other four stages were to perform the active neurofeedback training.
Parameters trained per session:
• inhibit theta
• reinforce beta
Electrode location: unclear
Feedback mode: unclear
Follow-up training/Booster session: unclear
Control group intervention: methylphenidate
Session number, frequency, duration:
• Administration occurred every morning, for three months (less than one month was considered
ineffective)
• Dose started from five mg, and increased gradually, to address the participants' conditions, and
without creating adverse effects
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/Booster session: unclear
(Notes: This study also examined a separate group of child participants with a formal diagnosis of ADHD. This separate group of participants had previously received three months of
methylphenidate treatment, exhibited no effects in response to the treatment, and was assigned to
receive EEG neurofeedback in the present study. We did not consider this separate group of participants, as they were not included in the study via randomisation.)

Outcomes

Outcomes of interest
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1. Post-treatment assessment in the symptoms of ADHD, measured by the Conners' Parent Rating
Scale
Notes: It is unclear if outcome assessors were blinded in this study.
Timing of outcome assessment:
•
•
•
•
Notes

Pre-training
Baseline assessment
Post-training assessment
Follow-up assessment (follow-up assessment took place at one-, three-, and six-months after the
post-training assessment)

Comments: We accessed the abstract and were unable to find an English full-text version of this
paper.
Funding source: unclear
Conflict of interest: unclear
Study start and end dates: unclear

ADHD: Attention Deficit Hyperactivity Disorder.
DSM: Diagnostic and Statistical Manual of Mental Disorders.
EEG: electroencephalographic
ERP: event-related potential.
N/A: not applicable.
SD: standard deviation.
QEEG: quantitative electroencephalogram.

Characteristics of ongoing studies [ordered by study ID]
IRCT138804132000N2
Study name

Public title: Neurofeedback in the treatment of attention deficit hyperactivity disorder
Scientific title: Effectiveness of neurofeedback versus methylphenidate in the treatment of children with attention deficit hyperactivity disorder

Methods

Randomised, single-blinded, parallel, group design

Participants

Country: Iran
Age: seven to 18 years old
Sample size: 90 participants
Sex: unclear
Executive function problems, as defined by the neurodevelopmental problem/eligibility criteria:
1.
2.
3.
4.
5.

Interventions

met diagnostic criteria for ADHD as outlined in DSM-IV (APA 1994)
IQ above 85 points as measured via the 'WISC-III-R'
free from major learning problems, neurological disorders
free from taking antipsychotic drugs in the month prior to study commencement
no prior neurofeedback intervention (i.e. equal to, or more than 10 sessions)

Intervention: EEG neurofeedback
Session number, frequency, duration: three months

105

IRCT138804132000N2

(Continued)

Parameters trained per session: unclear
Electrode location: unclear
Feedback mode: unclear
Follow-up: unclear
Control intervention: medication
Session number, frequency, duration: unclear
Electrode location: unclear
Feedback mode: unclear
Follow-up: unclear
Control intervention: EEG neurofeedback and medication (only of interest, if the EEG neurofeedback protocol and the medication protocol is identical across groups)
Session number, frequency, duration: unclear
Electrode location: unclear
Feedback mode: unclear
Follow-up: unclear
Outcomes

Outcomes of interest:
1. Rated behavioural markers: post-training assessment scores from the Conners ADHD Rating
Scale.
Timing of outcome assessment:
• Pre-training assessment (timing unclear)
• Post-training assessment (timing unclear)

Starting date

February 2013

Contact information

Name: Rozita Davari Ashtiani
Address: Imam Hossein Hospital, Shahid Beheshti University of Medical Sciences, Iran (Islamic Republic of)
Telephone: +98 21 7755 1023
Email: rodavari@sbmu.ac.ir

Notes

Comments: While the recruitment for this trial is complete, to our knowledge, no publications
have emerged from this trial yet.
Funding source: Behavioural Sciences Research Center, Shahid Beheshti University of Medical
Science, Dr. Alireza Zahiroddin, Imam Hossein Hospital, Shahid Madani Street, Tegran, Iran
Conflict(s) of interest: unclear
Study start and end dates: unclear
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NCT02251743
Study name

Public and scientific title: Double-blind two-site randomized clinical trial of neurofeedback for
ADHD

Methods

Randomised, quadruple-blinded, parallel-group design

Participants

Country: USA
Age: seven to 10 years old
Sample size: 142 participants
Sex: boys and girls
Executive function problems, as defined by the neurodevelopmental problem/eligibility criteria:
1. met diagnostic criteria for ADHD (inattentive or combined presentation) as outlined in DSM-V (APA
2013); an item mean that is equal to 1.5 SD or above norms on a zero to three metric, on the parent
ratings and the teacher ratings of the DSM-IV inattentive symptoms or on all 18 ADHD symptoms
2. an IQ that is higher than 80
3. eyes-open QEEG with a theta-beta power ratio of more than 4.5 at electrode Cz or Fz
4. free from comorbid disorders that require the treatment with psychoactive medication (other
than FDA-approved ADHD medication); a medical disorder requiring systematic chronic medication with confounding psychoactive effects; sleep apnea; or restless legs syndrome
5. no intake of antipsychotic agents, fluoxetine or other psychiatric medication in the six months,
four weeks and two weeks prior to baseline assessment, respectively; and no plans to start a different ADHD treatment in the next three months
6. no prior neurofeedback intervention (i.e. equal to, or more than five sessions)
7. no vitamin D deficiency (temporary exclusion criteria)
8. no relocation plans that require a change in schools during the next three months

Interventions

Intervention: EEG neurofeedback
Session number, frequency, duration: training is administered for a total of 38 sessions
Parameters trained per session: inhibit theta activity and reinforce beta
Electrode location: unclear
Feedback mode: unclear
Follow-up: unclear
Control intervention: Sham EEG neurofeedback
Session number, frequency, duration: training is administered for a total of 38 sessions
Parameters trained per session: participants receive their own pre-recorded (as opposed to live)
signal
Electrode location: unclear
Feedback mode: unclear
Follow-up: unclear

Outcomes

Outcomes of interest:
1. Rated behavioural markers: post-training assessment scores of the Conners-3 Rating Scale

Starting date

June 2014
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Contact information

Name: L Eugene Arnold, MD, MEd
Telephone: 614-685-6708
Email: L.Arnold@osumc.edu

Notes

Comment: This study is estimated to be completed in April 2020.
Funding source: Ohio State University; National Institute of Mental Health (NIMH); University of
North Carolina
Conflict(s) of interest: unclear
Study start and end dates: unclear

NCT02778360
Study name

Public title: Personalized at-home neurofeedback compared with long-acting methylphenidate in
an european non- inferiority randomized trial in children with ADHD
Scientific title: Effectiveness of a Personalized Neurofeedback Training Device (ADHD@Home) in
Attention-Deficit/Hyperactivity Disorder (Newrofeed)

Methods

Randomised, parallel, group design

Participants

Country: Belgium, Germany, Spain, France, and Switzerland
Age: seven to 13 years old
Sample size: 179 participants
Sex: male or female
Executive function problems, as defined by the neurodevelopmental problem (i.e. eligibility
criteria):
Inclusion criteria
1. Aged 7 to 13 years old
2. Met the diagnostic criteria for ADHD, as determined by a psychiatrist, with the Kiddie-SADS-IV
(Kiddie Schedule for Affective Disorders and Schizophrenia for School Aged Children) (Kaufman
1997)
3. Previous non-pharmacological intervention, or education tohelp manage ADHD symptomatology
4. Informed consent form signed by the child participant and their parent
5. “Wireless internet connection at home"
Exclusion criteria
1. “ADHD without hyperactive/impulsive presentation without inattention component”
2. Confirmed diagnosis of epilepsy, schizophrenia, autism, other neurological disorders, or a major
psychiatric disorder apart from ADHD
3. A Kiddie-SADS diagnosis of schizophrenia, autism, severe generalised anxiety disorder, major depression, or tics
4. Previous pharmacological intervention (e.g. methylphenidate) or EEG neurofeedback training for
ADHD; or a current medical disorder that requires ongoing medication with "confounding psychoactive effects"; or a plan to start ADHD treatment within the next six months (i.e. including
psychotherapy, or cognitive behaviour training)
5. Inability to use the study's EEG neurofeedback technology (e.g. the tablet, headset, or understanding the investigators instructions)
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6. An IQ of less than 80, as indicated by the 3-subtest version of the Wechsler Abbreviated Scale of
Intelligence (WASI) (Wechsler 1981) or WISC (Wechsler 1991)
7. Suicidal risk (i.e. as highlighted by a clinician) or chronic illnesses (e.g. "seizure, cardiac disorders,
untreated thyroid disease, glaucoma")
8. "Plans to move requiring school change during the next six months"
Interventions

Experimental intervention: EEG neurofeedback (The Mensia KoalaTM ("ADHD@Home NFT v1.1"
or "ADHD@Home Follow-Up v1.1") software, France)
Session numbers, frequency, duration: A total of 36 sessions (i.e. 4 sessions per week, for 9
weeks) Each training session is a total of 30 minutes long (i.e. five, four-minute long active blocks
with real-time feedback, and two transfer blocks with intermittent feedback, that are two-and-ahalf-minutes long each).
Parameters trained per session: to decrease theta/beta ratio, or to reinforce sensorimotor
rhythm
Electrode location: C3, Cz, C4 for sensorimotor rhythm, F3, Fz, F4, Cz for theta beta ratio, referenced to the left earlobe, and grounded to the right earlobe
Feedback mode: visual feedback (i.e. video game format such as fishing, or a puzzle, and a moving
bar on the computer screen to indicate the neuromarker activity)
Follow-up training/booster session: no
Control intervention: extended-release methylphenidate
Session number, frequency, duration: (i) open titration that lasts for three weeks (i.e. four visits), whereby participants receive between 10-60mg per day, (ii) treatment period that lasts for two
months, where participants receive their optimal dose of methylphenidate that was identified during the open titration phase.
Parameters trained per session: not applicable
Electrode location: not applicable
Feedback mode: not applicable
Follow-up training/booster session: no

Outcomes

Outcomes of interest:
1. Adverse effects ratings: post-training assessment scores of the paediatric adverse event rating
scale (PAERS) (March 2007)
2. Rated behaviour markers: post-training assessment scores of the ADHD rating scale IV (ADHD RS
IV) (DuPaul 1998)
Timing of outcome assessment:
• Pre-training assessment (baseline, prior to the start of training)
• Mid-training assessment (after 16 to 20 sessions of training)
• Post-training assessment (after another 16 to 20 sessions of training, and three months after baseline assessment)

Starting date

August 2016

Contact information

Name: Michel Du Peloux
Telephone: 062-434-1061 ext +33
Email: michel.du-peloux@mensiatech.com

Notes

Comments: While the study completion date was September 2017, to our knowledge, this protocol
is the first publication that has emerged from this trial, no other publications are available yet.
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Funding source: H2020 (grant agreement number 684809)
Conflict(s) of interest: the authors declared no conflicts of interest
Study start and end dates: August 2016 (start), September 2017 (end)
ADHD: Attention Deficit Hyperactivity Disorder.
DSM: Diagnostic and Statistical Manual of Mental Disorders.
EEG: electroencephalographic.
FDA: Food and Drug Administration.
IQ: intelligence quotient.
QEEG: quantitative electroencephalogram.
SD: standard deviation.
WISC: Wechsler Intelligence Scale for Children.

DATA AND ANALYSES
Comparison 1. EEG neurofeedback compared with non-active comparators for executive functioning performance
in children with neurodevelopmental disorders and EEG measures

1.1 Non-active comparison, EEG profile rating
(ERP: P3)

1

Mean Difference (IV, Random, 95% CI)

Totals not selected

1.2 Non-active comparison, inhibition

8

211

Std. Mean Difference (IV, Random,
95% CI)

0.04 [-0.38,
0.47]

1.3 Non-active comparison, updating of working memory

5

173

Std. Mean Difference (IV, Random,
95% CI)

0.45 [0.14, 0.76]

1.4 Non-active comparison, adverse effects
rating

1

Mean Difference (IV, Random, 95% CI)

Totals not selected

1.5 Non-active comparison, rated behavioural
marker (global symptoms ADHD)

2

66

Std. Mean Difference (IV, Fixed, 95%
CI)

-1.64 [-2.22,
-1.06]

1.6 Non-active comparison, rated behavioural
marker (global symptoms ASD)

2

40

Std. Mean Difference (IV, Random,
95% CI)

-0.75 [-2.87,
1.37]

1.7 Non-active comparison, rated behavioural
marker (hyperactivity/impulsivity)

4

129

Std. Mean Difference (IV, Random,
95% CI)

-0.36 [-0.76,
0.04]
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Analysis 1.1. Comparison 1: EEG neurofeedback compared with non-active comparators
for executive functioning performance in children with neurodevelopmental disordersand
EEG measures, Outcome 1: Non-active comparison, EEG profile rating (ERP: P3)
EEG neurofeedback
Mean
SD
Total

Study or Subgroup
Heinrich 2004

14.45

6.04

Control
SD

Mean
13

13.51

Mean Difference
IV, Random, 95% CI

Total

7.95

9

Mean Difference
IV, Random, 95% CI

0.94 [-5.20 , 7.08]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 1.2. Comparison 1: EEG neurofeedback compared with non-active comparators
for executive functioning performance in children with neurodevelopmental
disordersand EEG measures, Outcome 2: Non-active comparison, inhibition
EEG neurofeedback
Study or Subgroup

Mean

Bazanova 2018

SD

Control

Total

Mean

SD

Total

Weight

Std. Mean Difference

Std. Mean Difference

IV, Random, 95% CI

IV, Random, 95% CI

0.83

0.45

17

0.92

0.34

14

14.3%

94

4.8

15

84

11.5

5

8.9%

1.39 [0.27 , 2.51]

Heinrich 2004

1.38

1.45

13

4.33

4.39

9

11.4%

-0.95 [-1.85 , -0.04]

Johnstone 2017

55.55

35.8

22

54.17

31.46

22

16.3%

0.04 [-0.55 , 0.63]

Kouijzer 2010

43.5

21.69

10

43.5

22.98

10

11.8%

0.00 [-0.88 , 0.88]

Kouijzer 2013

29.86

10.95

7

36.46

9.36

13

10.9%

-0.64 [-1.58 , 0.31]

1

1.21

12

0.6

0.52

10

12.2%

0.40 [-0.45 , 1.25]

99.6

17.1

16

85.7

33.6

16

14.3%

0.51 [-0.20 , 1.21]
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100.0%

0.04 [-0.38 , 0.47]

Beauregard 2006

Liao 2015
Rajabi 2019
Total (95% CI)

112

Heterogeneity: Tau² = 0.19; Chi² = 15.04, df = 7 (P = 0.04); I² = 53%
Test for overall effect: Z = 0.20 (P = 0.84)
Test for subgroup differences: Not applicable

-0.22 [-0.93 , 0.49]

-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 1.3. Comparison 1: EEG neurofeedback compared with non-active comparators
for executive functioning performance in children with neurodevelopmental disordersand
EEG measures, Outcome 3: Non-active comparison, updating of working memory
Study or Subgroup
Beauregard 2006
Dobrakowski 2020
Johnstone 2017
Kouijzer 2013
Van Dongen-Boomsma 2013

EEG neurofeedback
Mean
SD
Total
11.6
39.92
3
14
11.5

3.7
11.7
1.22
3.42
3.4

Mean
15
24
22
7
22

Total (95% CI)
90
Heterogeneity: Tau² = 0.00; Chi² = 3.72, df = 4 (P = 0.45); I² = 0%
Test for overall effect: Z = 2.84 (P = 0.004)
Test for subgroup differences: Not applicable

8.8
32.83
2.2
13.23
11.5

Control
SD
3.4
9.24
1.09
4.21
2.4

Total

Weight

Std. Mean Difference
IV, Random, 95% CI

5
24
22
13
19

8.8%
28.4%
25.9%
11.3%
25.5%

0.74 [-0.31 , 1.78]
0.66 [0.08 , 1.24]
0.68 [0.07 , 1.29]
0.19 [-0.74 , 1.11]
0.00 [-0.61 , 0.61]

83

100.0%

0.45 [0.14 , 0.76]

Std. Mean Difference
IV, Random, 95% CI

-100
-50
Favours EEG neurofeedback

0

50
100
Favours control
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Analysis 1.4. Comparison 1: EEG neurofeedback compared with non-active comparators
for executive functioning performance in children with neurodevelopmental
disordersand EEG measures, Outcome 4: Non-active comparison, adverse effects rating
EEG neurofeedback
Mean
SD
Total

Study or Subgroup

4.1

Van Dongen-Boomsma 2013

4.3

Mean
22

Control
SD

3.9

Mean Difference
IV, Random, 95% CI

Total

4.2

19

Mean Difference
IV, Random, 95% CI

0.20 [-2.41 , 2.81]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 1.5. Comparison 1: EEG neurofeedback compared with non-active comparators for
executive functioning performance in children with neurodevelopmental disordersand EEG
measures, Outcome 5: Non-active comparison, rated behavioural marker (global symptoms ADHD)
Study or Subgroup
Heinrich 2004
Johnstone 2017

EEG neurofeedback
Mean
SD
Total
1.23
23.2

0.45
12.91

Control
SD

Mean
13
22

1.7
48

Total

0.62
8.86

Total (95% CI)
35
Heterogeneity: Chi² = 4.97, df = 1 (P = 0.03); I² = 80%

Weight

Std. Mean Difference
IV, Fixed, 95% CI

9
22

42.0%
58.0%

-0.86 [-1.76 , 0.03]
-2.20 [-2.96 , -1.44]

31

100.0%

-1.64 [-2.22 , -1.06]

Test for overall effect: Z = 5.53 (P < 0.00001)
Test for subgroup differences: Not applicable

Std. Mean Difference
IV, Fixed, 95% CI

-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 1.6. Comparison 1: EEG neurofeedback compared with non-active comparators for
executive functioning performance in children with neurodevelopmental disordersand EEG
measures, Outcome 6: Non-active comparison, rated behavioural marker (global symptoms ASD)
Study or Subgroup
Kouijzer 2010
Kouijzer 2013

EEG neurofeedback
Mean
SD
Total
5.8
17.14

4.16
6.41

Control
SD

Mean
10
7

15.56
15.09

Total

5.79
6.22

Total (95% CI)
17
Heterogeneity: Tau² = 2.08; Chi² = 8.86, df = 1 (P = 0.003); I² = 89%

Weight

Std. Mean Difference
IV, Random, 95% CI

10
13

49.1%
50.9%

-1.85 [-2.94 , -0.77]
0.31 [-0.61 , 1.24]

23

100.0%

-0.75 [-2.87 , 1.37]

Test for overall effect: Z = 0.69 (P = 0.49)
Test for subgroup differences: Not applicable

Std. Mean Difference
IV, Random, 95% CI

-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 1.7. Comparison 1: EEG neurofeedback compared with non-active comparators for
executive functioning performance in children with neurodevelopmental disordersand EEG
measures, Outcome 7: Non-active comparison, rated behavioural marker (hyperactivity/impulsivity)
Study or Subgroup
Arnold 2013
Liao 2015
Rajabi 2019
Van Dongen-Boomsma 2013

EEG neurofeedback
Mean
SD
Total
1.2
3.25
11.62
10.2

0.77
3.17
6.6
5.3

24
12
16
22

Total (95% CI)
74
Heterogeneity: Tau² = 0.03; Chi² = 3.69, df = 3 (P = 0.30); I² = 19%
Test for overall effect: Z = 1.77 (P = 0.08)
Test for subgroup differences: Not applicable

Mean
1.15
3.7
16.33
12.5

Control
SD
0.58
2.06
2.7
6.3

Total

Weight

Std. Mean Difference
IV, Random, 95% CI

10
10
16
19

24.2%
19.5%
24.5%
31.9%

0.07 [-0.67 , 0.81]
-0.16 [-1.00 , 0.68]
-0.91 [-1.64 , -0.18]
-0.39 [-1.01 , 0.23]

55

100.0%

-0.36 [-0.76 , 0.04]

Std. Mean Difference
IV, Random, 95% CI

-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

112

Comparison 2. EEG neurofeedback compared with active comparators for executive functioning performance in
children with neurodevelopmental disorders

2.1 Active comparison, EEG profile rating
(ERP: P3)

1

Mean Difference (IV, Random, 95% CI)

Totals not selected

2.2 Active comparison, EEG profile rating
(ERP: N2)

1

Mean Difference (IV, Random, 95% CI)

Totals not selected

2.3 Active comparison, inhibition

4

176

Std. Mean Difference (IV, Random, 95%
CI)

0.16 [-0.14, 0.45]

2.4 Active comparison, updating of working memory

2

105

Std. Mean Difference (IV, Random, 95%
CI)

0.15 [-0.23, 0.54]

2.5 Active comparison, rated behavioural
marker (global symptoms ADHD)

2

68

Std. Mean Difference (IV, Random, 95%
CI)

-0.45 [-1.04, 0.13]

2.6 Active comparison, rated behavioural
marker (hyperactivity-impulsivity)

4

168

Std. Mean Difference (IV, Random, 95%
CI)

0.14 [-0.20, 0.48]

Analysis 2.1. Comparison 2: EEG neurofeedback compared with active comparators
for executive functioning performance in children with neurodevelopmental
disorders, Outcome 1: Active comparison, EEG profile rating (ERP: P3)
Study or Subgroup
Geladé 2016

EEG neurofeedback
Mean
SD
Total
7.43

8.45

Mean
32

12.95

Control
SD

Mean Difference
IV, Random, 95% CI

Total

8.08

25

Mean Difference
IV, Random, 95% CI

-5.52 [-9.83 , -1.21]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 2.2. Comparison 2: EEG neurofeedback compared with active comparators
for executive functioning performance in children with neurodevelopmental
disorders, Outcome 2: Active comparison, EEG profile rating (ERP: N2)
Study or Subgroup
Geladé 2016

EEG neurofeedback
Mean
SD
Total
1.19

7.3

Mean
32

2.41

Control
SD
9.14

Mean Difference
IV, Random, 95% CI

Total
25

Mean Difference
IV, Random, 95% CI

-1.22 [-5.61 , 3.17]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control
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Analysis 2.3. Comparison 2: EEG neurofeedback compared with active comparators for executive functioning
performance in children with neurodevelopmental disorders, Outcome 3: Active comparison, inhibition
EEG neurofeedback
Study or Subgroup
Geladé 2016

Mean

SD

Control
Mean

Total

SD

Total

Weight

Std. Mean Difference

Std. Mean Difference

IV, Random, 95% CI

IV, Random, 95% CI

18.2

15.03

36

12.64

9.13

36

40.3%

0.44 [-0.03 , 0.91]

59.44

17.87

18

59.5

20.7

18

20.7%

-0.00 [-0.66 , 0.65]

Moreno-Garcia 2015

97.2

20.64

19

97.67

21.28

19

21.8%

-0.02 [-0.66 , 0.61]

Shereena 2018

7.92

5.33

15

8.57

7.19

15

17.2%

-0.10 [-0.82 , 0.62]

88

100.0%

0.16 [-0.14 , 0.45]

Lee 2017

Total (95% CI)

88

Heterogeneity: Tau² = 0.00; Chi² = 2.46, df = 3 (P = 0.48); I² = 0%
Test for overall effect: Z = 1.03 (P = 0.30)
Test for subgroup differences: Not applicable

-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 2.4. Comparison 2: EEG neurofeedback compared with active comparators
for executive functioning performance in children with neurodevelopmental
disorders, Outcome 4: Active comparison, updating of working memory
Study or Subgroup
Geladé 2016
Shereena 2018

EEG neurofeedback
Mean
SD
Total
11.67
2.5

3.4
2.2

Total (95% CI)

Mean
39
15

11.33
1.86

Control
SD

Total

3.6
1.96

54

Weight

Std. Mean Difference
IV, Random, 95% CI

36
15

71.6%
28.4%

0.10 [-0.36 , 0.55]
0.30 [-0.42 , 1.02]

51

100.0%

0.15 [-0.23 , 0.54]

Std. Mean Difference
IV, Random, 95% CI

Heterogeneity: Tau² = 0.00; Chi² = 0.22, df = 1 (P = 0.64); I² = 0%
Test for overall effect: Z = 0.79 (P = 0.43)
Test for subgroup differences: Not applicable

-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 2.5. Comparison 2: EEG neurofeedback compared with active comparators
for executive functioning performance in children with neurodevelopmental disorders,
Outcome 5: Active comparison, rated behavioural marker (global symptoms ADHD)
Study or Subgroup
Duric 2012
Lee 2017

EEG neurofeedback
Mean
SD
Total
26.7
7.61

7.05
4.9

Mean
10
18

27.8
11.33

Total (95% CI)
28
Heterogeneity: Tau² = 0.05; Chi² = 1.36, df = 1 (P = 0.24); I² = 27%
Test for overall effect: Z = 1.52 (P = 0.13)
Test for subgroup differences: Not applicable

Control
SD
8.57
5.03

Total

Weight

Std. Mean Difference
IV, Random, 95% CI

22
18

46.4%
53.6%

-0.13 [-0.88 , 0.62]
-0.73 [-1.41 , -0.06]

40

100.0%

-0.45 [-1.04 , 0.13]

Std. Mean Difference
IV, Random, 95% CI

-100
-50
Favours EEG neurofeedback

0

50
100
Favours control
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Analysis 2.6. Comparison 2: EEG neurofeedback compared with active comparators
for executive functioning performance in children with neurodevelopmental disorders,
Outcome 6: Active comparison, rated behavioural marker (hyperactivity-impulsivity)
EEG neurofeedback
Study or Subgroup

Mean

SD

Control

Total

Mean

SD

Total

Weight

Std. Mean Difference

Std. Mean Difference

IV, Random, 95% CI

IV, Random, 95% CI

Geladé 2016

1.02

0.81

39

0.62

0.9

36

40.4%

0.46 [0.00 , 0.92]

Meisel 2013

10.42

6.32

12

10.45

5.91

11

15.4%

-0.00 [-0.82 , 0.81]

Shereena 2018

18.2

8.09

15

20.73

8.16

15

19.3%

-0.30 [-1.02 , 0.42]

Sudnawa 2018

10.3

5.9

20

10

4.6

20

25.0%

0.06 [-0.56 , 0.68]

82

100.0%

0.14 [-0.20 , 0.48]

Total (95% CI)

86

Heterogeneity: Tau² = 0.02; Chi² = 3.53, df = 3 (P = 0.32); I² = 15%
Test for overall effect: Z = 0.83 (P = 0.41)
Test for subgroup differences: Not applicable

-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Comparison 3. Additional findings for EEG neurofeedback compared with non-active comparators

3.1 Non-active comparison, rated behavioural
marker (hyperactivity)

2

51

Std. Mean Difference (IV, Random,
95% CI)

-0.44 [-1.03,
0.15]

3.2 Non-active comparison, EEG profile rating
(power spectra: theta)

2

52

Std. Mean Difference (IV, Random,
95% CI)

-0.15 [-0.69,
0.40]

3.3 Non-active comparison, EEG profile rating
(power spectra: alpha 1)

1

Mean Difference (IV, Random,
95% CI)

Totals not selected

3.4 Non-active comparison, EEG profile rating
(power spectra: alpha 2)

1

Mean Difference (IV, Random,
95% CI)

Totals not selected

3.5 Non-active comparison, EEG profile rating
(power spectra: sensorimotor rhythm)

1

Mean Difference (IV, Random,
95% CI)

Totals not selected

3.6 Non-active comparison, EEG profile rating
(power spectra: beta)

1

Mean Difference (IV, Random,
95% CI)

Totals not selected

3.7 Non-active comparison, EEG profile rating (ratio: theta/beta)

2

Std. Mean Difference (IV, Random,
95% CI)

-0.45 [-0.95,
0.05]

3.8 Non-active comparison, EEG profile rating (ratio: alpha1/alpha2)

1

Mean Difference (IV, Random,
95% CI)

Totals not selected

3.9 Non-active comparison, rated behavioural
marker (impulsivity)

1

Mean Difference (IV, Random,
95% CI)

Totals not selected

63
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Analysis 3.1. Comparison 3: Additional findings for EEG neurofeedback compared with nonactive comparators, Outcome 1: Non-active comparison, rated behavioural marker (hyperactivity)
Study or Subgroup
Bazanova 2018
Beauregard 2006

EEG neurofeedback
Mean
SD
Total
2.03
64.3

0.33
18.9

Total (95% CI)

Mean
17
15

Control
SD

2.17
73.8

Total

Weight

0.36
9.3

32

Std. Mean Difference
IV, Random, 95% CI

14
5

67.4%
32.6%

-0.40 [-1.11 , 0.32]
-0.53 [-1.56 , 0.50]

19

100.0%

-0.44 [-1.03 , 0.15]

Std. Mean Difference
IV, Random, 95% CI

Heterogeneity: Tau² = 0.00; Chi² = 0.04, df = 1 (P = 0.84); I² = 0%
Test for overall effect: Z = 1.47 (P = 0.14)
Test for subgroup differences: Not applicable

-100
-50
Favours EEG neurofeedback

0

50
100
Favours Control

Analysis 3.2. Comparison 3: Additional findings for EEG neurofeedback compared with nonactive comparators, Outcome 2: Non-active comparison, EEG profile rating (power spectra: theta)
Study or Subgroup
Kouijzer 2010
Rajabi 2019

Mean

Experimental
SD
Total

5.13
11.8

1.66
1.71

Total (95% CI)

Mean
10
16

Control
SD

6.16
11.72

Total

2.57
2.05

26

Weight

Std. Mean Difference
IV, Random, 95% CI

10
16

37.7%
62.3%

-0.46 [-1.35 , 0.43]
0.04 [-0.65 , 0.73]

26

100.0%

-0.15 [-0.69 , 0.40]

Std. Mean Difference
IV, Random, 95% CI

Heterogeneity: Tau² = 0.00; Chi² = 0.75, df = 1 (P = 0.39); I² = 0%
Test for overall effect: Z = 0.52 (P = 0.60)
Test for subgroup differences: Not applicable

-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 3.3. Comparison 3: Additional findings for EEG neurofeedback compared with nonactive comparators, Outcome 3: Non-active comparison, EEG profile rating (power spectra: alpha 1)
Study or Subgroup
Bazanova 2018

EEG neurofeedback
Mean
SD
Total
9.7

3.22

Mean
17

16.3

Control
SD

Mean Difference
IV, Random, 95% CI

Total

3.23

14

Mean Difference
IV, Random, 95% CI

-6.60 [-8.88 , -4.32]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 3.4. Comparison 3: Additional findings for EEG neurofeedback compared with nonactive comparators, Outcome 4: Non-active comparison, EEG profile rating (power spectra: alpha 2)
Study or Subgroup
Bazanova 2018

EEG neurofeedback
Mean
SD
Total
3.12

1.88

Mean
17

6.3

Control
SD
2.67

Mean Difference
IV, Random, 95% CI

Total
14

Mean Difference
IV, Random, 95% CI

-3.18 [-4.84 , -1.52]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control
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Analysis 3.5. Comparison 3: Additional findings for EEG neurofeedback compared with non-active
comparators, Outcome 5: Non-active comparison, EEG profile rating (power spectra: sensorimotor rhythm)
Study or Subgroup
Rajabi 2019

EEG neurofeedback
Mean
SD
Total
3.63

0.59

Mean
16

Control
SD

3.34

Mean Difference
IV, Random, 95% CI

Total

0.54

16

Mean Difference
IV, Random, 95% CI

0.29 [-0.10 , 0.68]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 3.6. Comparison 3: Additional findings for EEG neurofeedback compared with nonactive comparators, Outcome 6: Non-active comparison, EEG profile rating (power spectra: beta)
Study or Subgroup
Rajabi 2019

EEG neurofeedback
Mean
SD
Total
3.93

1.01

Mean
16

Control
SD

3.22

Mean Difference
IV, Random, 95% CI

Total

0.69

16

Mean Difference
IV, Random, 95% CI

0.71 [0.11 , 1.31]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 3.7. Comparison 3: Additional findings for EEG neurofeedback compared with nonactive comparators, Outcome 7: Non-active comparison, EEG profile rating (ratio: theta/beta)
Study or Subgroup
Bazanova 2018
Rajabi 2019

EEG neurofeedback
Mean
SD
Total
6.8
3.21

2.2
0.83

Total (95% CI)

Mean
17
16

Control
SD

7.5
3.77

Total

2.4
0.98

33

Weight

Std. Mean Difference
IV, Random, 95% CI

14
16

49.9%
50.1%

-0.30 [-1.01 , 0.41]
-0.60 [-1.31 , 0.11]

30

100.0%

-0.45 [-0.95 , 0.05]

Std. Mean Difference
IV, Random, 95% CI

Heterogeneity: Tau² = 0.00; Chi² = 0.35, df = 1 (P = 0.55); I² = 0%
Test for overall effect: Z = 1.75 (P = 0.08)
Test for subgroup differences: Not applicable

-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 3.8. Comparison 3: Additional findings for EEG neurofeedback compared with nonactive comparators, Outcome 8: Non-active comparison, EEG profile rating (ratio: alpha1/alpha2)
Study or Subgroup
Bazanova 2018

EEG neurofeedback
Mean
SD
Total
3.11

0.23

Mean
17

2.59

Control
SD
0.76

Mean Difference
IV, Random, 95% CI

Total
14

Mean Difference
IV, Random, 95% CI

0.52 [0.11 , 0.93]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control
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Analysis 3.9. Comparison 3: Additional findings for EEG neurofeedback compared with nonactive comparators, Outcome 9: Non-active comparison, rated behavioural marker (impulsivity)
Study or Subgroup
Bazanova 2018

EEG neurofeedback
Mean
SD
Total
2.23

0.28

Mean
17

2.25

Control
SD

Mean Difference
IV, Random, 95% CI

Total

0.37

14

Mean Difference
IV, Random, 95% CI

-0.02 [-0.26 ,
0.22]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Comparison 4. Additional findings for EEG neurofeedback compared with active comparators

4.1 Active comparison, EEG profile rating (power
spectra: theta)

1

Mean Difference (IV, Random,
95% CI)

Totals not selected

4.2 Active comparison, EEG profile rating (power
spectra: alpha)

1

Mean Difference (IV, Random,
95% CI)

Totals not selected

4.3 Active comparison, EEG profile rating (power
spectra: beta)

1

Mean Difference (IV, Random,
95% CI)

Totals not selected

4.4 Active comparison, EEG profile rating (ratio:
theta/beta)

1

Mean Difference (IV, Random,
95% CI)

Totals not selected

Analysis 4.1. Comparison 4: Additional findings for EEG neurofeedback compared with
active comparators, Outcome 1: Active comparison, EEG profile rating (power spectra: theta)
Study or Subgroup
Geladé 2016

EEG neurofeedback
Mean
SD
Total
4.02

2.23

Mean
29

4.04

Control
SD

Mean Difference
IV, Random, 95% CI

Total

1.32

25

Mean Difference
IV, Random, 95% CI

-0.02 [-0.98 , 0.94]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 4.2. Comparison 4: Additional findings for EEG neurofeedback compared with
active comparators, Outcome 2: Active comparison, EEG profile rating (power spectra: alpha)
Study or Subgroup
Geladé 2016

EEG neurofeedback
Mean
SD
Total
1.83

1.13

Mean
29

1.7

Control
SD
0.9

Mean Difference
IV, Random, 95% CI

Total
25

Mean Difference
IV, Random, 95% CI

0.13 [-0.41 , 0.67]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control
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Analysis 4.3. Comparison 4: Additional findings for EEG neurofeedback compared with
active comparators, Outcome 3: Active comparison, EEG profile rating (power spectra: beta)
Study or Subgroup

EEG neurofeedback
Mean
SD
Total

Geladé 2016

0.43

0.19

Mean
29

Control
SD

0.48

Mean Difference
IV, Random, 95% CI

Total

0.28

29

Mean Difference
IV, Random, 95% CI

-0.05 [-0.17 , 0.07]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

Analysis 4.4. Comparison 4: Additional findings for EEG neurofeedback compared with
active comparators, Outcome 4: Active comparison, EEG profile rating (ratio: theta/beta)
Study or Subgroup

EEG neurofeedback
Mean
SD
Total

Moreno-Garcia 2015

2.61

0.55

19

Mean

Control
SD
Total

2.34

0.4

19

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

0.27 [-0.04, 0.58]
-100
-50
Favours EEG neurofeedback

0

50
100
Favours control

ADDITIONAL TABLES
Table 1. Methods not required in the current review
Review section

Proposed approach, as per the original review protocol (Landes 2017)

Measures of treatment effect

Dichotomous data
For dichotomous data, we will compute the risk ratio (RR) for each outcome and the 95% CI, to describe the probability that a particular outcome is going to occur.

Unit of analysis issues

Cluster-randomised trials
To our knowledge, no EEG neurofeedback studies have randomised groups or clusters of participants, rather than individuals; therefore, we do not expect to find any cluster-randomised trials
during our search. Should cluster-randomised trials become available in the future, we will assume that researchers have adjusted for clustering in their results. For trials that have not adjusted for clustering, we will attempt to calculate an estimate of the ICC by using the formula provided in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2019a). If we are unable to calculate the ICC (owing to lack of information), we will request further information from
study authors or will attempt to calculate the ICC using data from comparable studies or available
resources. We will examine the impact of variation in ICCs via a Sensitivity analysis (see below) and
will discuss outcomes in the Discussion section of the review.
Studies with multiple interventions
We will combine all EEG groups and will conduct a simple, pairwise comparison with all control
groups. For participants who continue to receive medication, we will consider data only if participants in both intervention and control groups continue to receive medication. We will conduct a
sensitivity analysis to examine the potential effects of differences in participants’ medication or
dosage, or both, on trial results.

Dealing with missing data

When study authors do not provide data for missing specified outcomes, we will attempt to conduct an intention-to-treat (ITT) analysis by including participants randomised into a trial, irrespective of the group. If an ITT analysis is not possible, we will conduct an available case analysis using
only participants whose outcome data are known. We will examine the impact of missing data on
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Table 1. Methods not required in the current review

(Continued)

the main analyses via a Sensitivity analysis and will discuss outcomes in the Discussion section of
the review.
Assessment of heterogeneity

We will employ forest plots to identify any statistical heterogeneity (overlap of CIs).

Assessment of reporting biases

Before we include any studies in the review, we will assess risk of allocation, detection, performance, attrition and reporting biases (see Appendix 2). Additionally, when we include more than 10
studies, we will prepare funnel plots to assess for small study effect. We will visually inspect these
plots for skewness. When we find evidence of an asymmetrical funnel plot, we will apply Egger’s
test (Egger 1997).

Data synthesis

We will conduct subgroup analyses to systematically investigate heterogeneity (see 'Subgroup
analysis and investigation of heterogeneity' section directly below).

Subgroup analysis and investigation of heterogeneity

Subgroup analyses are observational in nature, and any conclusions drawn are intended only to
highlight potential areas of future research (Deeks 2011). When sufficient outcome data are available, we will carry out subgroup analyses and investigations of heterogeneity for each outcome
(see Types of outcome measures), with consideration of the following points.
1. Investigation of the effectiveness of EEG neurofeedback as a function of frequency, session number, session duration, electrode location, or feedback type
2. Investigation of the effectiveness of EEG neurofeedback as a function of the control group against
which it is compared
3. Investigation of the effectiveness of EEG neurofeedback as a function of the childhood disorder,
as defined by diagnostic criteria (DSM-IV-TR, APA 2000; DSM-5, APA 2013; ICD-10, WHO 1993).
4. Investigation of the effectiveness of EEG neurofeedback as a function of age
5. Investigation of the interaction between intervention factors (e.g. session numbers) and dropout
rates

Sensitivity analysis

Our goal is to draw robust conclusions regarding the questions that we ask in this review. When
methodological choices of individual studies or trial analyses might compromise the robustness
of our conclusions, we will conduct sensitivity analyses. Specifically, we anticipate that we will be
able to conduct sensitivity analyses for the situations listed below.
1.
2.
3.
4.
5.

Comparison of variable findings from RCTs
Studies with high or unclear risk of bias as indicated by the 'Risk of bias’ assessment
Studies with concurrent psychopharmacological treatment
Variation in ICCs for analyses pertaining to cluster-randomised controlled trials
Studies with missing data

CI: confidence interval.
DSM-IV-TR: Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text-revision.
DSM-5: Diagnostic and Statistical Manual of Mental Disorders, fifth edition.
EEG: electroencephalographic.
ICD-10: International Classification of Diseases, Tenth Edition.
ICC: intra-class correlation coefficient.
RCT: randomised controlled trial.
WHO: World Health Organisation.

Table 2. Additional findings not listed in the summary of findings table (non-active comparison)
EEG neurofeedback compared with sham EEG feedback or a wait-list condition for executive functioning performance in children with neurodevelopmental disorders
Patient or population: children with neurodevelopmental disorders
Settings: standardised laboratory settings, multi-centre trial setting, child and adolescent psychiatric university centre, or unclear

120

Table 2.

Additional findings not listed in the summary of findings table (non-active comparison)

(Continued)

Intervention: EEG neurofeedback (slow cortical potential training; to decrease theta/beta ratio; to inhibit theta and high beta, reinforce beta or sensorimotor rhythm; to decrease excessive theta and reinforce beta; "theta/beta" training)
Comparison: sham EEG feedback of a wait-list condition

Outcomes

Anticipated
absolute
effects*
(95%
CI):
Risk
with
no
EEG
neurofeedback
intervention

Anticipated absolute effects*
(95% CI): Risk
with EEG neurofeedback intervention

Relative
effect
(95%
CI)

No of
Participants
(studies)

Non-active comparison, EEG
profile rating (power ratio:
theta/beta)

-

The theta/beta ratio was 0.45 standard deviations
(SD) lower (-0.95
lower to 0.05 higher)

-

63

The
alpha1/alpha2
ratio
was
2.59
μV2

The alpha1/alpha
2 ratio was 0.52
μV2 higher (0.11
lower to 0.93 higher)

-

22
(1
RCT)

-

The theta/beta ratio was 0.15 standard deviations
(SD) lower (0.69
lower to 0.40 higher)

-

52

The alpha1 power density was
6.60 μV2 lower
(-8.88 lower to
-4.32 higher)

-

Measured via: eyes open and
eyes closed tasks

(2
RCTs)

Comments
Quality of
evidence
(GRADE)

very
lowd,e

Follow-up: post-intervention
Non-active comparison, EEG
profile rating (power ratio: alpha1/alpha2)
Measured via: eyes open and
eyes closed tasks (children with
ADHD exhibited increased alpha1/alpha2)

A standardised mean difference of
0.45 constitutes a small effect size.
The magnitude of effect was marginally larger for participants who
received EEG neurofeedback, compared to participants who received
the control intervention.

Participants who received neurofeedvery
back had a higher alpha1/alpha2 ralowa,d,e tio, compared to participants who received the control intervention.

Follow-up: post-intervention
Non-active comparison, EEG
profile rating (power spectra:
theta)
Measured via: eyes open and
eyes closed task

(2
RCTs)

Follow-up: post-intervention
Non-active comparison, EEG
profile rating (power spectra:
alpha1)
Measured via: eyes open and
eyes closed task (reduced alpha

The
alpha1
power
density

31
(1
RCT)

very
lowd,e

A standardised mean difference of
constitutes a small effect size. The
magnitude of effect was marginally
larger for participants who received
EEG neurofeedback, compared to
participants who received the control
intervention.

Participants who received EEG neuvery
rofeedback had a lower alpha1 powlowa,d,e er density compared to participants
who received the control intervention.
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Table 2. Additional findings not listed in the summary of findings table (non-active comparison) (Continued)
power has been linked to lower hyperactivity/impulsivity ratings)

was16.30
μV2

Follow-up: post-intervention
Non-active comparison, EEG
profile rating (power spectra:
alpha2)
Measured via: eyes open and
eyes closed task (reduced lower
alpha power has been associated with lower hyperactivity/impulsivity ratings)

The
alpha2
power
density was
6.30
μV2

The alpha2 power density was
3.18 μV2 lower
(-4.84 lower to
-1.52 higher)

-

31
(1
RCT)

Participants who received EEG neuvery
rofeedback had a lower alpha2 powlowa,d,e er density compared to participants
who received the control intervention.

The
sensorimotor
rhythm
power
density was
3.34
μV2

The sensorimotor rhythm power
density was 0.29
μV2 higher (-0.10
lower to 0.68 higher)

-

32
(1
RCT)

Participants who received EEG neurovery
feedback had a higher sensorimotor
lowa,d,e rhythm power density compared to
participants who received the control
intervention.

The
beta
power
density was
3.22
μV2

The beta power
density was 0.71
μV2 higher (0.11
lower to 1.31 higher)

-

32
(1
RCT)

Participants who received EEG neuvery
rofeedback had a higher beta powlowa,d,e er density compared to participants
who received the control intervention.

-

The mean ratings
for hyperactivity
was 0.44 SD lower (-1.03 lower to
0.15 higher)

-

51
(2
RCT)

The mean rating
for impulsivity
was 0.02 points
lower
(-0.26 lower to
0.22 higher)

-

Follow-up: post-intervention
Non-active comparison, EEG
profile rating (power spectra:
sensorimotor rhythm)
Measured via: eyes open and
eyes closed task (individuals
with ADHD exhibited reduced
sensorimotor rhythm power)
Follow-up: post-intervention
Non-active comparison, EEG
profile rating (power spectra:
beta)
Measured via: eyes open and
eyes closed task (individuals
with ADHD exhibited reduced
beta power)
Follow-up: post-intervention
Non-active comparison, rated
behavioural marker (hyperactivity)
Measured via: Swanson, Nolan,
Pelham rating scale version IV
(parent ratings), Conners' Parent Rating Scale-Revised (parent ratings)

very
lowd,e

A standardised mean difference of
0.44
constitutes a small effect size. The
magnitude of effect was marginally
larger for participants who received
EEG neurofeedback, compared to
participants who received the control
intervention.

Follow up: post-intervention
Non-active comparison, rated
behavioural marker (impulsivity)
Measured via: Swanson, Nolan,
Pelham rating scale version IV
(parent ratings) (a higher impulsivity ratings indicate more severe impulsivity symptoms)

The
mean
rating for
impulsivity
was

31
(1
RCT)

Participants who received EEG neuvery
rofeedback had similar ratings for imlowa,c,d pulsivity, compared to participants
who received the control intervention.
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Table 2. Additional findings not listed in the summary of findings table (non-active comparison) (Continued)
Follow up: post-intervention

2.25
points

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk
in the EEG neurofeedback group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI).
ADHD: Attention Deficit Hyperactivity Disorder; CI: Confidence interval; RCT: Randomised controlled trial.
GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect
aDowngraded one level due to inconsistency: data from one study only.
bDowngraded

one level due to inconsistency: moderate statistical heterogeneity (I2 = 30% to 60%)

cDowngraded one level due to imprecision: small number of participants.
dDowngraded two levels due to imprecision: small number of participants; wide 95% confidence intervals.
eDowngraded one level due to strongly suspected publication bias: at least one of the following was present - small studies; industry funded

trial (or unclear funding); unclear or high risk of allegiance bias; unclear or potential conflict of interest.
fDowngraded by two levels due to inconsistency: substantial statistical heterogeneity (I2 = 50% to 64% or higher, and a significant Chi2 P
value, or I2 = 65% or higher)

Table 3. Additional findings not listed in the summary of findings table (active comparison)
EEG neurofeedback compared with medication (e.g. methylphenidate) or routine clinical management for executive functioning performance in children with neurodevelopmental disorders
Patient or population: children with neurodevelopmental disorders
Settings: standardised laboratory settings, multi-centre trial setting, child and adolescent psychiatric university centre, or unclear
Intervention: EEG neurofeedback (slow cortical potential training; to decrease theta/beta ratio; to inhibit theta and high beta, reinforce beta or sensorimotor rhythm; to decrease excessive theta and reinforce beta; "theta/beta" training)
Comparison: medication such as methylphenidate or routine clinical management
Outcomes

Anticipated absolute
effects*
(95% CI):
Risk with
no EEG
neurofeedback
intervention

Anticipated absolute effects*
(95% CI): Risk
with EEG neurofeedback intervention

Relative
effect
(95%
CI)

No of
Participants
(studies)

Active comparison, EEG profile
rating (power ratio: theta/beta)

The theta/
beta ratio
was 2.34
μV2

The theta/beta ratio was 0.13 μV2
higher (-0.41 lower to 0.67 higher)

-

38
(1
RCT)

QualComments
ity of
evidence
(GRADE)

very
lowd,e

Participants who received EEG
neurofeedback had a higher
theta/beta ratio, compared to
participants who received the
control intervention.
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Table 3. Additional findings not listed in the summary of findings table (active comparison) (Continued)
Measured via: EEG - task unclear
(an increased theta/beta ratio is a
marker for ADHD)
Follow-up: post-intervention
Active comparison, EEG profile
rating (power spectra: theta)
Measured via: stop signal task (reduced theta power density has
been associated with ADHD)

The theta
power
density
was 4.04
μV2

The theta power
density was 0.02
μV2 lower (-0.98
lower to 0.94 higher)

-

54
(1
RCT)

Participants who received EEG
very
neurofeedback had a lower
lowa,d,e theta power density compared
to participants who received the
control intervention.

The alpha power density
was 1.70
μV2

The alpha power
density was 0.13
μV2 higher (-0.41
lower to 0.67 higher)

-

54
(1
RCT)

Participants who received EEG
very
neurofeedback had a higher allowa,d,e pha power density compared to
participants who received the
control intervention.

The beta power
density
was0.48
μV2

The beta power
density was 0.05
μV2 lower (-0.17
lower to 0.07 higher)

-

58
(1
RCT)

Participants who received EEG
very
neurofeedback had a lower beta
lowa,c,d power density compared to participants who received the control intervention.

Follow-up: post-intervention
Active comparison, EEG profile
rating (power spectra: alpha)
Measured via: stop signal task
(reduced alpha power has been
linked to lower hyperactivity/impulsivity ratings)
Follow-up: post-intervention
Active comparison, EEG profile
rating (power spectra: beta)
Measured via: stop signal task (individuals with ADHD exhibited reduced beta power)
Follow-up: post-intervention
*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk
in the EEG neurofeedback group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI).
ADHD: Attention Deficit Hyperactivity Disorder; CI: Confidence interval; RCT: Randomised controlled trial.
GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect
aDowngraded one level due to inconsistency: data from one study only.
bDowngraded

one level due to inconsistency: moderate statistical heterogeneity (I2 = 30% to 60%)

cDowngraded one level due to imprecision: small number of participants.
dDowngraded two levels due to imprecision: small number of participants; wide 95% confidence intervals.
eDowngraded one level due to strongly suspected publication bias: at least one of the following was present - small studies; industry funded

trial (or unclear funding); unclear or high risk of allegiance bias; unclear or potential conflict of interest.
fDowngraded by two levels due to inconsistency: substantial statistical heterogeneity (I2 = 50% to 64% or higher, and a significant Chi2 P
value, or I2 = 65% or higher)
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APPENDICES
Appendix 1. Search strategies
Cochrane Central Register of Controlled Trials (CENTRAL) in the Cochrane Library
Searched 6 September 2017 [184 records]
Searched 5 September 2018 [41 records]
#1[mh Neurofeedback]
#2[mh "Biofeedback, Psychology"]
#3(neurofeedback or neuro next feedback)
#4(biofeedback or bio next feedback)
#5{or #1-#4}
#6[mh Electroencephalography]
#7(electroencephalograph* or electro next encephalograph* or EEG)
#8{or #6-#7}
#9[mh ^Feedback]
#10(feedback* or feed next back*)
#11(Coren, Ramsbotham, & Gschwandtner, -#10)
#12#8 and #11
#13#5 or #12
#14[mh ^"neurodevelopmental disorders"]
#15((neurodevelopment* or neuro-development*) near/3 (disorder* or disab* or challeng* or condition*))
#16[mh ^"child development disorders"]
#17[mh ^"developmental disabilities"]
#18(developmental* near/3 (disab* or disorder* or impair*)) 5
#19[mh "child development disorders, pervasive"]
#20autis*
#21asperger*
#22[mh "Attention Deficit and Disruptive Behavior Disorders"]
#23"attention deficit*"
#24(hyperactiv* or hyper next activ*)
#25impulsiv*
#26(ADHD or ADDH or AD NEXT HD or TDAH)
#27[mh ^" intellectual disability"]
#28(intellectual* near/3 (disab* or disorder* or impair*))
#29(mental* near/3 (disab* or impair* or handicap* or retard*))
#30"learning disab*"
#31[mh "Down Syndrome"]
#32"Down* syndrome*"
#33[mh ^" Fetal Alcohol Spectrum Disorders"]
#34"Foetal Alcohol" or "Fetal Alcohol"
#35[mh "Fragile X Syndrome"]
#36(FRAXE or FRAXA)
#37"Fragile X"
#38{or #14-#37}
#39#13 and #38 in Trials [Note: Final line 2017]
#40 #39 with Publication Year from 2017 to 2018, in Trials [Note: Final line 2018]
MEDLINE Ovid
Searched 5 September 2017 [451 records]
Searched 5 September 2018 [42 records]
1 Neurofeedback/
2 Biofeedback, Psychology/
3 (neurofeedback or neuro-feedback).tw,kf.
4 (biofeedback or bio-feedback).tw,kf.
5 or/1-4
6 Electroencephalography/
7 (electroencephalograph$ or electro-encephalograph$ or EEG).tw,kf.
8 or/6-7
9 Feedback/
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10 (feedback$ or feed-back$).tw,kf.
11 or/9-10
12 8 and 11
13 5 or 12
14 neurodevelopmental disorders/
15 ((neurodevelopment$ or neuro-development$) adj3 (disorder$ or disab$ or challeng$ or condition$)).tw,kf.
16 child development disorders/
17 developmental disabilities/
18 (developmental$ adj3 (disab$ or disorder$ or impair$)).tw,kf.
19 exp child development disorders, pervasive/
20 autis$.tw,kf.
21 asperger$.tw,kf.
22 exp "Attention Deficit and Disruptive Behavior Disorders"/
23 attention deficit$.tw,kf.
24 (hyperactiv$ or hyper-activ$).tw,kf.
25 impulsiv$.tw,kf.
26 (ADHD or ADDH or "AD/HD" or TDAH).tw,kf.
27 intellectual disability/
28 (intellectual$ adj3 (disab$ or disorder$ or impair$)).tw,kf.
29 (mental$ adj3 (disab$ or impair$ or handicap$ or retard$)).tw,kf.
30 learning disab$.tw,kf.
31 Down Syndrome/
32 Down$ syndrome$.tw,kf.
33 Fetal Alcohol Spectrum Disorders/
34 F?etal Alcohol.tw,kf.
35 Fragile X Syndrome/
36 (FRAXE or FRAXA).tw,kf.
37 "Fragile X".tw,kf.
38 or/14-37
39 13 and 38 [Note:Final line 2017]
40 limit 39 to ed=20170820-20180923 [Note: Final line 2018]
MEDLINE In-Process & Other Non-Indexed Citations Ovid
Searched 5 September 2017 [77 records]
Searched 5 September 2018 and deduplicated with previous records [37 records]
1 (neurofeedback or neuro-feedback).tw,kf.
2 (biofeedback or bio-feedback).tw,kf.
3 or/1-2
4 (electroencephalograph$ or electro-encephalograph$ or EEG).tw,kf.
5 (feedback$ or feed-back$).tw,kf.
6 4 and 5
7 3 or 6
8 ((neurodevelopment$ or neuro-development$) adj3 (disorder$ or disab$ or challeng$ or condition$)).tw,kf.
9 (developmental$ adj3 (disab$ or disorder$ or impair$)).tw,kf.
10 (pervasive adj2 development$).tw,kf.
11 autis$.tw,kf.
12 asperger$.tw,kf.
13 attention deficit$.tw,kf.
14 (hyperactiv$ or hyper-activ$).tw,kf.
15 impulsiv$.tw,kf.
16 (ADHD or ADDH or "AD/HD" or TDAH).tw,kf.
17 (intellectual$ adj3 (disab$ or disorder$ or impair$)).tw,kf.
18 (mental$ adj3 (disab$ or impair$ or handicap$ or retard$)).tw,kf.
19 learning disab$.tw,kf.
20 Down$ syndrome$.tw,kf.
21 F?etal Alcohol.tw,kf.
22 (FRAXE or FRAXA).tw,kf.
23 "Fragile X".tw,kf.
24 or/8-23
25 7 and 24
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MEDLINE Epub Ahead of Print Ovid
Searched 6 September 2017 [6 records]
Searched 5 September 2018 and deduplicated with previous records [10 records]
1 (neurofeedback or neuro-feedback).tw,kf.
2 (biofeedback or bio-feedback).tw,kf.
3 or/1-2
4 (electroencephalograph$ or electro-encephalograph$ or EEG).tw,kf.
5 (feedback$ or feed-back$).tw,kf.
6 4 and 5
7 3 or 6
8 ((neurodevelopment$ or neuro-development$) adj3 (disorder$ or disab$ or challeng$ or condition$)).tw,kf.
9 (developmental$ adj3 (disab$ or disorder$ or impair$)).tw,kf.
10 (pervasive adj2 development$).tw,kf.
11 autis$.tw,kf.
12 asperger$.tw,kf.
13 attention deficit$.tw,kf.
14 (hyperactiv$ or hyper-activ$).tw,kf.
15 impulsiv$.tw,kf.
16 (ADHD or ADDH or "AD/HD" or TDAH).tw,kf.
17 (intellectual$ adj3 (disab$ or disorder$ or impair$)).tw,kf.
18 (mental$ adj3 (disab$ or impair$ or handicap$ or retard$)).tw,kf.
19 learning disab$.tw,kf.
20 Down$ syndrome$.tw,kf.
21 F?etal Alcohol.tw,kf.
22 (FRAXE or FRAXA).tw,kf.
23 "Fragile X".tw,kf.
24 or/8-23
25 7 and 24
Embase Ovid
Searched 6 September 2017 [873 records]
Searched 5 September 2018 [106 records]
1 neurofeedback/
2 psychophysiology/
3 (neurofeedback or neuro-feedback).tw,kw.
4 (biofeedback or bio-feedback).tw,kw.
5 or/1-4
6 electroencephalography/
7 (electroencephalograph$ or electro-encephalograph$ or EEG).tw,kw.
8 or/6-7
9 feedback system/
10 (feedback$ or feed-back$).tw,kw
11 or/9-10
12 8 and 11
13 5 or 12
14 ((neurodevelopment$ or neuro-development$) adj3 (disorder$ or disab$ or challeng$ or condition$)).tw,kw.
15 developmental disorder/
16 (developmental$ adj3 (disab$ or disorder$ or impair$)).tw,kw.
17 exp autism/
18 autis$.tw,kw.
19 asperger$.tw,kw.
20 attention deficit disorder/
21 attention deficit$.tw,kw.
22 (hyperactiv$ or hyper-activ$).tw,kw.
23 impulsiv$.tw,kw.
24 (ADHD or ADDH or "AD/HD" or TDAH).tw,kw.
25 exp intellectual impairment/
26 (intellectual$ adj3 (disab$ or disorder$ or impair$)).tw,kw.
27 (mental$ adj3 (disab$ or impair$ or handicap$ or retard$)).tw,kw.
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28 learning disab$.tw,kw.
29 Down syndrome/
30 Down$ syndrome$.tw,kw.
31 fetal alcohol syndrome/
32 F?etal Alcohol.tw,kw.
33 fragile X syndrome/
34 (FRAXE or FRAXA).tw,kw.
35 "Fragile X".tw,kw.
36 or/14-35
37 13 and 36
38 (infan* or child* or boy$ or girl$ or teen* or adolesen* or youth$ or young people or young person$ or preschool* or pre-school* or
school$ or p?ediatric$).tw,kw.
39 exp child/
40 adolescent/
41 or/38-40
42 37 and 41 [Note: Final line 2017]
43 limit 42 to yr="2017 -Current" [Note: Final line 2018]
CINAHL Plus EBSCOhost
Searched 6 September 2017 [193 records]Searched 5 September 2018 [ 58 records]
S1(MH "Electroencephalography")
S2(electroencephalograph* or electro-encephalograph* or EEG
S3(MH "Feedback")
S4(feedback* or feed-back*)
S5S1 OR S2
S6S3 OR S4
S7S5 AND S6
S8(MH "Biofeedback")
S9(biofeedback or bio-feedback)
S10(neurofeedback or neuro-feedback)
S11S7 OR S8 OR S9 OR S10
S12(MH "Child Development Disorders")
S13(MH "Developmental Disabilities")
S14(developmental* N3 (disab* or disorder* or impair*))
S15((neurodevelopment* or neuro-development*) N3 (disorder* or disab* or challeng* or condition*))
S16(MH "Child Development Disorders, Pervasive+")
S17autis*
S18asperger*
S19(MH "Attention Deficit Hyperactivity Disorder")
S20(hyperactiv* or hyper-activ*)
S21impulsiv*
S22(ADHD or ADDH or "AD/HD" or TDAH)
S23(MH "Intellectual Disability")
S24(intellectual* N3 (disab* or disorder* or impair*)
S25(mental* N3 (disab* or impair* or handicap* or retard*))
S26learning disab*
S27(MH "Down Syndrome")
S28Down* syndrome*
S29(MH "Fetal Alcohol Syndrome")
S30(Fetal or foetal ) N1 Alcohol
S31(MH "Fragile X Syndrome")
S32(FRAXE or FRAXA)
S33"Fragile X"
S34S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25
OR S26 OR S27 OR
S28 OR S29 OR S30 OR S31 OR S32 OR S33
S35S7 AND S34 [Note: Final line 2017]
S36 EM 20170818S37 S35 AND S36 [Note: Final line 2018]
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PsycINFO Ovid
Searched 6 September 2017 [736 records]
Searched 5 September 2018 [47 records]
1 Neurotherapy/
2 Biofeedback/
3 Biofeedback Training/
4 (neurofeedback or neuro-feedback).tw.
5 (biofeedback or bio-feedback).tw.
6 or/1-5
7 exp Electroencephalography/
8 (electroencephalograph$ or electro-encephalograph$ or EEG).tw.
9 or/7-8
10 Feedback/
11 (feedback$ or feed-back$).tw.
12 or/10-11
13 9 and 12
14 6 or 13
15 neurodevelopmental disorders/
16 ((neurodevelopment$ or neuro-development$) adj3 (disorder$ or disab$ or challeng$ or condition$)).tw.
17 developmental disabilities/
18 (developmental$ adj3 (disab$ or disorder$ or impair$)).tw.
19 autism spectrum disorders/
20 autis$.tw.
21 asperger$.tw.
22 (pervasive adj2 disorder$).tw.
23 exp attention deficit disorder/
24 attention deficit$.tw.
25 (hyperactiv$ or hyper-activ$).tw.
26 impulsiv$.tw.
27 (ADHD or ADDH or "AD/HD" or TDAH).tw.
28 intellectual development disorder/
29 (intellectual$ adj3 (disab$ or disorder$ or impair$)).tw.
30 (mental$ adj3 (disab$ or impair$ or handicap$ or retard$)).tw.
31 learning disab$.tw.
32 Down's Syndrome/
33 Down$ syndrome$.tw.
34 Fetal Alcohol Syndrome/
35 F?etal Alcohol.tw.
36 Fragile X Syndrome/
37 (FRAXE or FRAXA).tw.
38 "Fragile X".tw.
39 or/15- 38
40 14 and 39 [Note: Final line 2017]
41 limit 40 to up=20170821-20180827 [Note:Final line 2018]
Science Citation Index - Expanded Web of Science (SCI)
Searched 7 September 2017 [481 records]
Searched 5 September 2018 [109 records]
#15 #13 AND #5 [Note: Final line 2018]
Indexes=SCI-EXPANDED Timespan=2017-2018
#14 #13 AND #5 [Note: Final line 2017]
Indexes=SCI-EXPANDED Timespan=All years
#13 #12 OR #11 OR #10 OR #9 OR #8 OR #7 OR #6
Indexes=SCI-EXPANDED Timespan=All years
#12 TS= ("F*etal Alcohol" )
Indexes=SCI-EXPANDED Timespan=All years
#11 TS=("learning disab*" or "Down* syndrome" or "F*etal Alcohol" or "Fragile X" or FRAXE or FRAXA)
Indexes=SCI-EXPANDED Timespan=All years
#10 TS=((mental* near/3 (disab* or impair* or handicap* or retard*)))
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Indexes=SCI-EXPANDED Timespan=All years
Indexes=SCI-EXPANDED Timespan=All years
#9 TS=((intellectual* near/3 (disab* or disorder* or impair*)))
Indexes=SCI-EXPANDED Timespan=All years
#8 TS=(autis* or asperger* or "attention deficit*" or hyperactiv* or "hyper-activ*" or impulsiv* or ADHD or ADDH or "AD/HD" or TDAH)
Indexes=SCI-EXPANDED Timespan=All years
#7 TS=((developmental* near/3 (disab* or disorder* or impair*)))
Indexes=SCI-EXPANDED Timespan=All years
#6 TS=((neurodevelopment* or "neuro-development*") near/3 (disorder* or disab* or challeng* or condition*))
Indexes=SCI-EXPANDED Timespan=All years
#5 #4 OR #1
Indexes=SCI-EXPANDED Timespan=All years
#4 #3 AND #2
Indexes=SCI-EXPANDED Timespan=All years
#3 TS=(feedback* or "feed-back*")
Indexes=SCI-EXPANDED Timespan=All years
#2 TS=(electroencephalograph* or "electro-encephalograph*" or "EEG")
Indexes=SCI-EXPANDED Timespan=All years
#1 TS=(neurofeedback or "neuro-feedback" or biofeedback or "bio-feedback")
Indexes=SCI-EXPANDED Timespan=All years
Social Sciences Citation Index Web of Science (SSCI)
Searched 7 September 2017 [436 records]
Searched 5 September 2018 [86 records]
#15 #13 AND #5 [Note: Final line 2018]
Indexes=SSCI Timespan=2017-2018
#14 #13 AND #5 [Note: Final line 2017]
Indexes=SSCI Timespan=All years
#13 #12 OR #11 OR #10 OR #9 OR #8 OR #7 OR #6
Indexes=SSCI Timespan=All years
#12 TS= ("F*etal Alcohol" )
Indexes=SSCI Timespan=All years
#11 TS=("learning disab*" or "Down* syndrome" or "F*etal Alcohol" or "Fragile X" or FRAXE or FRAXA)
Indexes=SSCI Timespan=All years
#10 TS=((mental* near/3 (disab* or impair* or handicap* or retard*)))
Indexes=SSCI Timespan=All years
Indexes=SSCI Timespan=All years
#9 TS=((intellectual* near/3 (disab* or disorder* or impair*)))
Indexes=SSCI Timespan=All years
#8 TS=(autis* or asperger* or "attention deficit*" or hyperactiv* or "hyper-activ*" or impulsiv* or ADHD or ADDH or "AD/HD" or TDAH)
Indexes=SSCI Timespan=All years
#7 TS=((developmental* near/3 (disab* or disorder* or impair*)))
Indexes=SSCI Timespan=All years
#6 TS=((neurodevelopment* or "neuro-development*") near/3 (disorder* or disab* or challeng* or condition*))
Indexes=SSCI Timespan=All years
#5 #4 OR #1
Indexes=SSCI Timespan=All years
#4 #3 AND #2
Indexes=SSCI Timespan=All years
#3 TS=(feedback* or "feed-back*")
Indexes=SSCI Timespan=All years
#2 TS=(electroencephalograph* or "electro-encephalograph*" or "EEG")
Indexes=SSCI Timespan=All years
#1 TS=(neurofeedback or "neuro-feedback" or biofeedback or "bio-feedback")
Indexes=SSCI Timespan=All years
Conference Proceedings Citation Index- Science (CPCI-S) and Conference Proceedings Citation Index - Social Sciences and
Humanities (CPCI-SS&H), both Web of Science
Searched 7 September 2017 [100 records]
Searched 5 September 2018 [13 records]
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#15 #13 AND #5 [Final line 2018]
Indexes=CPCI-S, CPCI-SSH Timespan=2017-2018
#14 #13 AND #5 [Final line 2017]
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#13 #12 OR #11 OR #10 OR #9 OR #8 OR #7 OR #6
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#12 TS= ("F*etal Alcohol" )
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#11 TS=("learning disab*" or "Down* syndrome" or "F*etal Alcohol" or "Fragile X" or FRAXE or FRAXA)
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#10 TS=((mental* near/3 (disab* or impair* or handicap* or retard*)) )
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#9 TS=((intellectual* near/3 (disab* or disorder* or impair*)))
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#8 TS=(autis* or asperger* or "attention deficit*" or hyperactiv* or "hyper-activ*" or impulsiv* or ADHD or ADDH or "AD/HD" or TDAH)
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#7 TS=((developmental* near/3 (disab* or disorder* or impair*)))
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#6 TS=((neurodevelopment* or "neuro-development*") near/3 (disorder* or disab* or challeng* or condition*))
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#5 #4 OR #1
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#4 #3 AND #2
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#3 TS=(feedback* or "feed-back*")
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#2 TS=(electroencephalograph* or "electro-encephalograph*" or "EEG")
Indexes=CPCI-S, CPCI-SSH Timespan=All years
#1 TS=(neurofeedback or "neuro-feedback" or biofeedback or "bio-feedback")
Indexes=CPCI-S, CPCI-SSH Timespan=All years
Cochrane Database of Systematic Reviews (CDSR), part of the Cochrane Library
Searched 6 September 2017 [5 records]
Searched 5 September 2018 [0 records]
#1[mh Neurofeedback]
#2[mh "Biofeedback, Psychology"]
#3(neurofeedback or neuro next feedback):ti,ab,kw
#4(biofeedback or bio next feedback):ti,ab,kw
#5{or #1-#4}
#6[mh Electroencephalography]
#7(electroencephalograph* or electro next encephalograph* or EEG):ti,ab,kw
#8{or #6-#7}
#9[mh ^Feedback]
#10(feedback* or feed next back*):ti,ab,kw
#11(Coren et al., -#10)
#12#8 and #11
#13#5 or #12
#14[mh ^"neurodevelopmental disorders"]
#15((neurodevelopment* or neuro-development*) near/3 (disorder* or disab* or challeng* or condition*)):ti,ab,kw
#16[mh ^"child development disorders"]
#17[mh ^"developmental disabilities"]
#18(developmental* near/3 (disab* or disorder* or impair*)):ti,ab,kw
#19[mh "child development disorders, pervasive"]
#20autis*:ti,ab,kw
#21asperger*:ti,ab,kw
#22[mh "Attention Deficit and Disruptive Behavior Disorders"]
#23"attention deficit*":ti,ab,kw
#24(hyperactiv* or hyper next activ*):ti,ab,kw
#25impulsiv*:ti,ab,kw
#26(ADHD or ADDH or "AD/HD" or TDAH):ti,ab,kw
#27[mh ^" intellectual disability"]
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#28(intellectual* near/3 (disab* or disorder* or impair*)):ti,ab,kw
#29(mental* near/3 (disab* or impair* or handicap* or retard*)):ti,ab,kw
#30"learning disab*":ti,ab,kw
#31"Down* syndrome*":ti,ab,kw
#32[mh ^" Fetal Alcohol Spectrum Disorders"]
#33"F*etal Alcohol"
#34[mh "Fragile X Syndrome"]
#35(FRAXE or FRAXA):ti,ab,kw
#36"Fragile X":ti,ab,kw
#37{or #14-#36}
#38#13 and #37 in Cochrane Reviews (Reviews and Protocols)
#39#13 and #38 in Trials [Note: Final line 2017 search]
#40 #39 with Publication Year from 2017 to 2018, in Trials [Note: Final line 2018]
Database of Abstracts of Reviews of Effects (DARE), part of the Cochrane Library
Final issue of DARE (2015, Issue 2) searched 6 September 2017 [12 records]
IDSearchHits
#1[mh Neurofeedback]
#2[mh "Biofeedback, Psychology"]
#3(neurofeedback or neuro next feedback)
#4(biofeedback or bio next feedback)
#5{or #1-#4}
#6[mh Electroencephalography]
#7(electroencephalograph* or electro next encephalograph* or EEG)
#8{or #6-#7}
#9[mh ^Feedback]
#10(feedback* or feed next back*)
#11(Coren et al., -#10)
#12#8 and #11
#13#5 or #12
#14[mh ^"neurodevelopmental disorders"]
#15((neurodevelopment* or neuro-development*) near/3 (disorder* or disab* or challeng* or condition*))
#16[mh ^"child development disorders"]
#17[mh ^"developmental disabilities"]
#18(developmental* near/3 (disab* or disorder* or impair*)) 5
#19[mh "child development disorders, pervasive"]
#20autis*
#21asperger*
#22[mh "Attention Deficit and Disruptive Behavior Disorders"]
#23"attention deficit*"
#24(hyperactiv* or hyper next activ*)
#25impulsiv*
#26(ADHD or ADDH or AD NEXT HD or TDAH)
#27[mh ^" intellectual disability"]
#28(intellectual* near/3 (disab* or disorder* or impair*))
#29(mental* near/3 (disab* or impair* or handicap* or retard*))
#30"learning disab*"
#31[mh "Down Syndrome"]
#32"Down* syndrome*"
#33[mh ^" Fetal Alcohol Spectrum Disorders"]
#34"Foetal Alcohol" or "Fetal Alcohol"
#35[mh "Fragile X Syndrome"]
#36(FRAXE or FRAXA)
#37"Fragile X"
#38{or #14-#37}
#39#13 and #38 in Other Reviews
Epistemonikos (www.epistemonikos.org)
Searched 7 September 2017 [12 records]
Searched 5 September 2018 limited to records added to database since 8 September 2017 [0 records]
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(title:((title:(NEUROFEEDBACK OR BIOFEEDBACK) OR abstract:(NEUROFEEDBACK OR BIOFEEDBACK))) OR abstract:((title:
(NEUROFEEDBACK OR BIOFEEDBACK) OR abstract:(NEUROFEEDBACK OR BIOFEEDBACK)))) AND (title:(Autism OR Asperger OR ASD OR
ADHD OR impulsive OR hyperactive OR DOWN syndrome OR Fragile X OR fetal alcohol OR neurodevelopmental OR intellectual OR
developmental) OR abstract:(Autism OR Asperger OR ASD OR ADHD OR impulsive OR hyperactive OR DOWN syndrome OR Fragile X OR fetal
alcohol OR neurodevelopmental OR intellectual OR developmental))AND LIMITED TO INTERVENTIONAL SYSTEMATIC REVIEWS
WorldCat (www.worldcat.org/default.jsp)
Searched 7 September 2017 [45 records]
Searched 5 September 2018 and deduplicated with previous records [0 records]
(kw: neurofeedback OR neuro-feedback OR biofeedback OR bio-feedback) AND (ti: Autism OR Asperger OR ASD OR ADHD OR impulsive
OR hyperactive OR "DOWN syndrome" OR "Fragile X" OR "fetal alcohol" OR neurodevelopmental OR intellectual OR developmental)'and
limited to theses
ClinicalTrials.gov (https://clinicaltrials.gov)
Searched 7 September 2017 [36 records]
Searched 5 September 2018 and limited to trials registered from 8 September 2017 to 5 September 2018 [3 records]
Interventional Studies |CONDITION Autism OR Asperger OR ASD OR ADHD OR impulsive OR hyperactive OR DOWN syndrome OR Fragile
X OR fetal alcohol OR neurodevelopmental OR intellectual OR developmental | INTERVENTION ((EEG OR electroencephalograph ) AND
feedback) OR neurofeedback OR neuro-feedback OR biofeedback OR bio-feedback
WHO ICTRP (apps.who.int/trialsearch/default.aspx)
Searched 7 September 2017 [45 records]
Searched 5 September 2018 and limited to trials registered from 8 September 2017 to 5 September 2018 [11 records]
INTERVENTION ((EEG OR electroencephalograph ) AND feedback) OR neurofeedback OR neuro-feedback OR biofeedback OR bio-feedback
AND Clinical trials in chldren (0 to 18 years)
Association for Applied Psychophysiology and Biofeedback, Inc. (www.aapb.org/i4a/pages/index.cfm?pageID=3404).
Searched 4 October 2017 [10 records]
Searched 1 September 2018 [5 records]
The Association for Applied Psychophysiology and Biofeedback, Inc. organised the available resources by therapeutic application (e.g.
ADHD). The subsection that was relevant to this review was ADD & ADHD.
Biofeedback Federation of Europe bfe.org/new)
Searched 4 October 2017 [0 records]
Searched 1 September 2018 [0 records]
The Biofeedback Federation of Europe organised the available resources by therapeutic application (e.g. ADHD). The therapeutic
applications that were relevant to this review were ADD/ADHD, Autistic Spectrum Disorders, SCPS, Zscores & Low Freq.
EEG Spectrum International (www.eegspectrum.com/applications/adhdadd/)
Searched 4 October 2017 [38 records]
Searched 1 September 2018 [0 records]
EEG Spectrum International organised their available resources by therapeutic application (e.g. ADHD). The therapeutic application that
was relevant to our review was ADHD.
International Society for Neurofeedback and Research (www.isnr.org/isnr-comprehensive-bibliography).
Searched 4 October 2017 [182 records]
Searched 1 September 2018 [0 records]
The International Society for Neurofeedback and Research organised the available resources by therapeutic application (e.g. ADHD). The
subsections that were relevant to this review were ADD/ADHD, Slow Cortical Potential, and Z-Score Neurofeedback.
Applied Neuroscience Society of Australasia (www.appliedneuroscience.org.au/page-570462).
Searched 4 October 2017 [132 records]
Searched 1 September 2018 [0 records]
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The Applied Neuroscience Society of Australasia referred to a substantial collection of papers that centre on neurofeedback (http://
www.brainsinternational.com/default/assets/File/NFB%20Biblio.pdf). The references in this document, are organised by therapeutic
application (e.g. ADHD). The subsections that were relevant to this review, were ADHD and related learning disabilities, and Autism
Spectrum Disorders.

Appendix 2. Cochrane 'Risk of bias' tool
Sequence generation (selection bias)
Selection bias refers to the systematic differences between baseline characteristics of the groups that are being compared (Higgins
2017). Risk of selection bias may indicate a mismatch between the sample population examined and the target population. Stringent
randomisation may minimise the risk for selection bias (Higgins 2017). To assess the study sequence generation, we described the method
used in the study to generate the participant allocation sequence, and assessed whether this sequence should have produced comparable
participant groups.
Review authors’ judgement: Was the participant allocation sequence truly random (that is, what was the randomisation sequence?), and
what was the resulting risk of allocation bias to experimental or control groups?
1. Low risk of bias: The study authors described a random component in the allocation sequence of participants (e.g. computer random
number generator, random number table).
2. High risk of bias: The study authors described a non-random component in the allocation sequence of participants (e.g. allocation by
date of birth or by judgement of the investigator).
3. Unclear risk of bias: The process of randomisation was not described in sufficient detail to permit a judgement of low or high risk of bias.
Allocation concealment (selection bias)
To further understand a study’s randomisation procedure (Higgins 2017), we described the measures that were used to conceal the
allocation process from participants and from investigators, and determined whether this allocation to a particular group or training
schedule could have been foreseen before, or during, participation by participants or investigators.
Review authors’ judgement: How was the allocation concealed and what was the resulting risk of allocation bias due to this concealment?
1. Low risk of bias: The allocation procedure was adequately concealed from participants and investigators (e.g. telephone allocation).
2. High risk of bias: The participants or investigators could have foreseen their allocation (e.g. when allocation was based on the judgement
of the clinician or on the date of birth of participants).
3. Unclear risk of bias: The allocation process was not described in sufficient detail to permit a judgement of low or high risk of bias.
Blinding of participants and personnel (performance bias)
Performance bias refers to the systematic differences between groups in the exposure to factors other than the interventions (e.g.
participant knowledge of which intervention they received; Higgins 2017). Effective blinding of participants and personnel may reduce the
risk of knowledge of which intervention group participants have been allocated to, which in turn, may reduce the risk of performance bias.
We described all modes used to blind participants and staff from any knowledge of the intervention that a participant received.
Review authors’ judgement: Were participants and personnel adequately blinded from any knowledge of the type of intervention that
participants received, and what was the resulting risk of performance bias?
1. Low risk of bias: A lack of blinding (no blinding or incomplete blinding) was present, but it was clear that this lack of blinding was unlikely
to have influenced the outcome; or participants and personnel were blinded, and it was unlikely that this blinding was interrupted.
2. High risk of bias: A lack of blinding (no blinding or incomplete blinding) was present, and outcomes were likely to have been influenced
by the lack of blinding; or participants and personnel were blinded, but it was likely that this blinding was interrupted, which influenced
the outcome.
3. Unclear risk of bias: The blinding process was not described in sufficient detail to permit the judgement of low or high risk of bias, or this
outcome was not addressed in the study. Owing to the learning component in EEG neurofeedback (see Description of the intervention),
we expected most studies to fall into this category.
Blinding of outcome assessment (detection bias)
Detection bias describes the systematic differences between groups in how outcomes are determined (Higgins 2017). Knowledge of which
intervention was received (rather than the intervention itself) may affect the outcome measurement (Higgins 2017). Blinding of outcome
assessors can prevent detection bias. We described all modes of blinding outcome assessors from any knowledge of the intervention that
a participant received.
Review authors' judgement: Were outcome assessors adequately blinded from any knowledge of the type of intervention that participants
received, and what was the resulting risk of detection bias?
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1. Low risk of bias: The outcome assessment was not blinded, but it was clear that this lack of blinding was unlikely to have influenced the
outcome measurement; or the outcome assessment was blinded, and it was unlikely that this blinding was interrupted.
2. High risk of bias: The outcome assessment was not blinded, and outcomes were likely to have been influenced by the lack of blinding,
or the outcome assessment was blinded, and it was likely that this blinding was interrupted, which influenced outcome measurements.
3. Unclear risk of bias: The blinding process was not described in sufficient detail to permit the judgement of low or high risk of bias, or this
outcome was not addressed in the study. Owing to the learning component in EEG neurofeedback (see Description of the intervention),
we expected most studies to fall into this category.
Incomplete outcome data (attrition bias)
Attrition bias refers to the systematic differences between groups in withdrawals from a study. Incomplete outcome data can be an indicator
of such withdrawals (and therefore an indicator of attrition bias; Higgins 2017). We described the completeness of outcome data, including
information on participant attrition, exclusions, re-inclusions for analyses, and participant numbers for each intervention group, as well
as any withdrawals from study groups.
Review authors’ judgement: Were incomplete data handled adequately, and what was the resulting risk of attrition bias?
1. Low risk of bias: There was no indication of missing data; if data were missing, the same numbers of data points were missing across
intervention groups; the data were imputed suitably; or reasons for the missing data were unlikely to have influenced the outcome.
2. High risk of bias: The uneven numbers of data points were missing across intervention groups; data were imputed through an unsuitable
approach; or reasons for missing data were likely to have influenced the outcome.
3. Unclear risk of bias: The study authors did not provide sufficient information that permitted a judgement of low or high risk of bias (e.g.
no reasons for missing data provided), or this outcome was not addressed in the study.
Selective reporting (outcome reporting bias)
Outcome reporting bias describes the systematic differences between reported and unreported findings. For example, findings may be
selectively disseminated based on the nature or direction of results (e.g. significant, positive intervention results may be more likely to be
reported than non-significant results; Higgins 2017). To assess for outcome reporting bias, we examined whether all prespecified outcomes
were reported. Where outcomes were not published, we contacted the study authors to ask for non-reported findings.
Review authors’ judgement: Were there indications of selective outcome reporting, and what was the resulting risk of reporting bias?
1. Low risk of bias: The study protocol was available, and outcomes prespecified in the protocol were reported; when the protocol was not
available, it was clear that all expected outcomes had been reported.
2. High risk of bias: Not all of the outcomes prespecified in the protocol were reported; measurements were used that were not
prespecified; outcomes were reported that were not prespecified; reporting of outcomes was incomplete; or study authors failed to
include results for a particular outcome.
3. Unclear risk of bias: The study authors did not provide sufficient information to permit a judgement of low or high risk of bias. We
expected most studies to fall into this category
Other bias (allegiance bias)
In this research framework, we identified allegiance bias as a potential 'other' bias. Allegiance bias describes the contamination of study
results that may be induced by the theoretical or treatment opinions of the study investigator (Luborsky 1975). Currently, no consensus
has been reached on what constitutes an effective measurement of allegiance bias. The procedure most often used to document and
evaluate this type of bias was developed by Gaffan and colleagues (Gaffan 1995). However, in line with the critique provided by Leykin and
colleagues, we focused on the evaluation of the treatment protocol by its developers or, in this case, on sponsorship by neurofeedback
equipment owners, to measure high, low, or unclear risk of allegiance bias (Leykin 2009).
Review authors’ judgement: Was the study sponsored by EEG neurofeedback equipment owners and were these sponsors also the author
of the manuscript?
1. Low risk of bias: There was no evidence that the study authors developed the protocol; the study was not sponsored by neurofeedback
equipment owners.
2. High risk of bias: There was evidence that the study authors developed the protocol; the study was sponsored by neurofeedback
equipment owners.
3. Unclear risk of bias: The information provided pointed towards allegiance bias, but insufficient details prevented a judgement of
whether low or high risk of bias was present; evidence of this bias was insufficient.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
Overall
For improved clarity, we made minor text-based adjustments throughout the document. Here, are two examples of what we mean by textbased adjustments.
1. In the Background of the protocol (Landes 2017), we had referred to cognitive control as "cognitive control" or "executive control". In
this review, we replaced all instances of "executive control" with the term "cognitive control".
2. In the Background of the protocol (Landes 2017), we provided a definition for inhibition but not working memory. In this review, we
also included a definition for working memory: Updating of working memory is implicated in the process of coding new information
and revising information that is currently held in working memory. Updating of working memory is targeted by tasks such as letter or
digit memory and the Rey Auditory Verbal Learning Task (Kane 2003; Miyake 2000).

Methods
General
1. Throughout the Methods section, we adjusted the tense from future tense to past tense.
2. We removed methods that we did not use in the review from the Methods section and placed them in an additional table (Table 1).
Type of studies
At protocol stage (Landes 2017), we included RCTs and quasi-RCTs. As we progressed through the title and abstract screening stage, it was
evident that the lines between a poorly carried out RCT, a quasi-RCT and a non-randomised trial were often blurred, and we felt that a
stricter criterion of RCT-only studies was helpful during the review process. By narrowing the criterion to RCTs only, we eliminated the risk
of missing the inclusion of quasi-RCTs or falsely including non-randomised studies.
Type of participants
We excluded participants with non-neurodevelopmental comorbidities (e.g. depression) at protocol stage (Landes 2017). During the fulltext screening stage, it became apparent that many studies presented an insufficient amount of information on comorbidity (e.g. whether
participants had comorbidities, or the type of comorbidity) to help us discern study eligibility. To remove the risk of falsely including studies
that breached this criterion, or failing to include studies that met this criterion, we removed this judgment criteria. We included studies
where participants had a primary diagnosis of ASD, ADHD, intellectual disabilities, Down syndrome, FAS disorder, and fragile X syndrome,
and regardless of comorbid conditions.
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Type of interventions
As per the published protocol (Landes 2017), we considered studies administering EEG neurofeedback in combination with another
intervention only when the co-intervention was administered to both groups. During the full-text screening stage, it became apparent that
the continued use of co-interventions (e.g. medication) was not frequently reported on, or not reported on in sufficient detail to permit a
decision regarding study eligibility. To eliminate the risk of falsely including studies that breached this criterion, or failing to include studies
that met this criterion, we removed this judgment criteria.
Type of outcome measures
In line with Cochrane guidelines (Higgins 2019a), we extracted data for one time-point (i.e. post-assessment). For greater clarity between
what we aimed to extract, and the review's results, we adjusted the wording of all outcome measures. For example, in the Methods of the
protocol (Landes 2017), we had stated to extract "changes in participants EEG profiles". We replaced this wording with "Participant EEG
profile ratings at post-assessment". For a clearer distinction between self-rated or parent-rated behavioural performance, compared to
behavioural performance scores from computerised assessments, we rephrased the secondary outcome assessment (i.e. from "changes
in behavioural performance" as found in the protocol (Landes 2017), to "rated behavioural markers at post-assessment").
Given an absence of literature to highlight helpful neuropsychogical markers, we restricted outcome assessment one to the most common
markers found in the literature, and those that were were trained as part of the EEG neurofeedback intervention (i.e. ERPs related to
inhibition and updating of working memory; as well as power ratios and power density).
In line with the Cochrane standard methodological procedure, we considered all behavioural marker ratings and adverse effect ratings,
regardless of whether the outcome assessor was blinded or not.
Data extraction and management
We inserted the online platform that housed our electronic spreadsheet (Covidence 2017).
Assessment of risk of bias in included studies
In the protocol (Landes 2017), we described the 'Risk of bias' assessment categories. In this review, we also named the biases (and their
definitions) that we assessed for (see Appendix 2 for reference).
Measures of treatment effect
While we did not mention this explicitly in the protocol (Landes 2017), we considered an SMD of 0.2 as a small effect magnitude, 0.5 as a
medium effect size and 0.8 as a large effect size (Faraone 2008).
Unit of analysis issues
Studies with multiple interventions
We included co-interventions (e.g. medication). Therefore, we included studies with multiple intervention as long as the main intervention
met this review's inclusion criteria.
Multiple groups from one study
Since the publication of the protocol (Landes 2017), we encountered the following three issues of multiple data groups from one study
(Higgins 2019b): i) Multiple time-points of the same study (post-test, follow-up), ii) Multiple experimental or control groups in one study,
and iii) Multiple outcome measures for the same outcome and from the same study.
To address these issues of multiplicity, we picked the one time point, intervention group, or outcome measure that was most frequent to
this review, and excluded the remaining time points, intervention groups, our outcome measures from analysis. We presented the mean
and standard deviations for the selected pair in the Data and analyses tables.
Where a study had one experimental and two control groups for example, and we picked the most common control group to this review,
we also adjusted the weight of the experimental group data to half (i.e. divide the number of participants in the experimental group by the
number of control groups - in this example, we would divide N of the experimental group by two). As the RevMan analysis tables did not
accept a decimal number of participants, we rounded up the group of participants to the next whole number.
Assessment of heterogeneity
In the protocol (Landes 2017), we described basic I2 boundaries, such that an I2 of 50% was a reasonable indication of heterogeneity, while
substantial heterogeneity was more clearly exemplified by an I2 of 65% (Section 9.5.2; Deeks 2011). In this review, we implemented more
detailed I2 boundaries for the assessment of heterogeneity. Specifically, we interpreted an I2 value of 0% to 40% as low heterogeneity, 30%
to 60% as moderate heterogeneity, 50% to 90% as substantial heterogeneity, and 75% to 100% as considerable heterogeneity, particularly
when the Chi2 P value was less than 0.10 (Deeks 2011).
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In the protocol (Landes 2017) we described the exclusion of studies when substantial heterogeneity was present. Since this review contains
a small number of studies only the exclusion of data was not practical. To address substantial heterogeneity, therefore, we implemented
a random-effects model and assigned a two-point rating for the inconsistency component of the GRADE assessment.

Review authors
Given the stage of development in the field, the objective of this review, our inclusion and exclusion criteria at protocol stage and our
amendment to exclude quasi-RCTs, an earlier version of this review yielded one study. This one study did not permit us to draw any
conclusions, nor did it provide any insight into the effectiveness of EEG neurofeedback for addressing inhibition and updating of working
memory in children with neurodevelopmental disorders. Former co-author Dr Martijn Arns viewed the scope that was adopted in this
earlier version of the review as limited (i.e. thereby limiting conclusions), and wished to be removed from the authorship team.
We have since revised the review criteria for reasons outlined in this Differences between protocol and review section, we yielded more
than one study.
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Chapter 3: Discussion and Future Directions
3.1 Preface
Excellent! You have read the primary research component in this Master of Philosophy study
and have now arrived at the final chapter. In this final chapter, I will briefly recap the study’s
research findings and re-emphasise the key points to remember when planning future EEG
neurofeedback studies for the purpose of examining the intervention’s therapeutic
effectiveness in improving inhibitory and updating of working memory functioning in
children with ADHD and ASD.

3.2 Discussion and Future Directions
The present study investigated via a systematic review and meta-analysis, the therapeutic
effectiveness of EEG neurofeedback for improving inhibitory and updating of working
memory functioning in children with neurodevelopmental disorders. Data were obtained from
18 randomised controlled trials. More specifically, the data for the systematic review and
meta-analysis comprised of 614 participants with a mean age-range of seven to 15 years and a
primary diagnosis of ADHD and ASD. While our overall review aim was to examine a cohort
of neurodevelopmental disorders as outlined on page 20, the papers that were published at the
time of this review and that met our inclusion criteria, examined ADHD and ASD only.
Therefore, in the remainder of this chapter I will refer to children with ADHD and ASD only.
I report that for a proportion of the total sample (i.e., 22 participants), EEG
neurofeedback appeared to be more effective in training the P3 amplitude of event-related
components (i.e., P3 event-related component elicited via a continuous performance task),
compared to the non-active waitlist control group. EEG neurofeedback intervention was also
more effective in reducing the severity of the DSM-IV symptom criteria for ADHD (e.g., the
parent-rated total raw score for inattention and hyperactivity-impulsivity), as reflected in the
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German ADHD rating scale (Fremdbeurteilungsbogen für hyperkinetische Störungen, FBBHKS, Döpfner & Lehmkuhl, 2000) and the ADHD Rating Scale, fourth edition (ADHD-RS
IV, DuPaul, Power, Anastopoulos, & Reid, 1998), compared to the parent ratings in nonactive and active control groups of a waitlist control and pharmacological intervention,
respectively. Moreover, EEG neurofeedback intervention seemed to be more effective in
reducing a range of behavioural measures including the parent-ratings for hyperactivityimpulsivity symptoms as reflected by scores on the Conners’ Parent Rating Scale-Revised
(CPRS-R, Conners, 2002), the Swanson, Nolan, Pelham, parent version rating scale, fourth
edition (SNAP-IV, Swanson et al., 2012) and the investigator ratings on the ADHD-RS IV
(DuPaul et al., 1998), compared to parent-ratings for children in the non-active control groups
of sham EEG feedback and a waitlist control group. Finally, EEG neurofeedback appeared to
be more effective in reducing the parent-ratings for social interaction, communication, and
stereotyped behaviour in children with ASD as measured via the Social Communication
Questionnaire (Rutter, Bailey, & Lord, 2004; Warreyn, Raymaekers, & Roeyers, 2004),
compared to the parent-ratings in the non-active control group of a waitlist control group.
These findings suggest that children who received EEG neurofeedback exhibited
improved performance on the listed outcome measures, including a continuous performance
task, FBB-HKS, ADHD-RS IV, CPRS-R, and SNAP-IV, compared to children in the control
conditions. Importantly, although the magnitude of effect reached a large effect size in some
instances (i.e., clinical symptoms severity for ADHD in the non-active comparisons), the
certainty of evidence in Chapter 2 was of low or very low certainty for all outcomes due to at
least one of these following reasons: data from only one study, or from studies with moderate
or substantial heterogeneity, a small number of participants or wide 95% confidence
intervals, as well as strongly suggested publication bias, due to a small number of studies,
industry-funded studies, unclear or likely allegiance bias or conflict of interest (for reference,
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see Chapter 2 ‘Effects of Intervention’ section). Thus, we cannot have full confidence in the
observed outcomes in the reviewed studies that showed a positive effect of EEG
neurofeedback on the two cognitive functions reviewed in this thesis. The effectiveness of
EEG neurofeedback for improving inhibitory and updating of working memory functioning
in children with ADHD and ASD, therefore, could not be determined, and conclusive
recommendations for health professionals, clinical staff, or service consumers are yet to be
provided. However, critical commentary for health professionals may still be provided.
Despite a lack of a conclusive evidence-based for EEG neurofeedback, EEG neurofeedback is
currently available to consumers, for example for home use and either with or without the
supervision of a health professional. Clinicians, health professionals and service providers are
encouraged to discuss the available information in this review with families or consumers,
who are considering EEG neurofeedback intervention for inhibition or updating of working
memory functioning in children with ADHD or ASD, particularly the implications of these
narrow findings, and the limited confidence in the results.
While EEG neurofeedback training has not been deemed as an evidence-based
practice yet for inhibition or updating of working memory functioning in children with
ADHD or ASD, we suggest that clinicians and health practitioners continue look to
established techniques for the symptom management of both disorders (e.g., stimulant
medication; Pearson et al., 2020; Sturman, Deckx, & van Driel, 2017; van Stralen, 2020).
Critical commentary may also be provided for researchers. Overall, it can be
speculated that additional data from future studies that use more rigorous methodological
approaches may change these conclusions. The priority for future research, therefore, is to
continue to work towards a robust evidence-base. Once further data becomes available, more
review methods may be applied for further in-depth evaluations of the literature. At present,
the application of all planned evaluation methods (e.g., see Table 1, page 115) was precluded
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by the small number of studies that met the inclusion criteria of the review. These small
numbers of studies that were encountered in this review are not unique to this particular
review. Systematic reviews and meta-analyses that were published in the field of EEG
neurofeedback in the last decade indicate similar numbers of studies recruited (e.g., between
10 and 15 studies; Cortese et al., 2016; Micoulaud-Franchi et al., 2014; Van Doren et al.,
2019). The predominant reasons for excluding studies from these reviews (Cortese et al.,
2016; Micoulaud-Franchi et al., 2014; Van Doren et al., 2019) were motivated by the
following factors: study design (e.g., inclusion of randomised controlled design only), study
authors did not provide missing data, duplicate data or secondary analyses of already
published information, non-standard EEG neurofeedback training protocols, children with
ADHD and comorbid disorders (e.g., Fragile X syndrome), and cointerventions of EEG
neurofeedback and optimised medication. With these reasons in mind, it can be speculated
that it is not a lack of publications or discussions which lead to the low number of papers in
each review, but rather a lack of consistency among publications. This speculation is also one
that was recently published (Ros et al., 2020). Specifically, the authors argued that in order to
encourage future evaluation of EEG neurofeedback intervention for cognitive functioning in
children with ADHD and ASD, which is consistent, systematic, uniform, transparent, and
robust, researchers of future studies may refer to the CRED-nf checklist (Consensus on the
reporting and experimental design of clinical and cognitive-behavioural neurofeedback
studies checklist) in the planning stages of their research (Ros et al., 2020).
Critically, conclusions of meta-analyses may reflect methodological weaknesses,
rather than those of the EEG neurofeedback treatment of executive functions for children with
ADHD or ASD (Cortese et al., 2016), and so parallel to adhering to the CRED-nf checklist in
future studies (Ros et al., 2020), considerations of the following limitations and
recommendations are also warranted. In order to address the effectiveness of EEG
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neurofeedback for children with neurodevelopmental disorders, rather than ADHD and ASD
only, future studies should recruit children with other neurodevelopmental disorders.
Furthermore, this review indicates that the majority of studies implement self-rated
behavioural outcome measures, whereas neurophysiological measures are used infrequently.
At present, for example, two out of 18 studies provided a post-training assessment of P3
amplitude. These results lend itself to a narrative summary, but it is not sufficient data to
characterise the effectiveness of EEG neurofeedback or any underpinning mechanisms. In
order to be able to draw firm conclusions, we encourage future researchers to collect both,
neurological and behavioural data. The next recommendation pertains to adverse effects or
unwanted side effects. These are not commonly reported in the studies that were included in
this review. Reports of adverse effects are key in highlighting important contraindications that
inform intervention application and development. We, therefore, recommended that future
studies consistently report the absence or presence of adverse effects. Another critical
recommendation for future studies is to consistently evaluate and comment on whether
participants learned to self-regulate their brain activity. At present, this was not consistently
reported in all studies. We recognise this as an important piece of converging information
towards determining the effectiveness of EEG neurofeedback. As this was not consistently
reported in studies, and the data pool was small, we did not consider the self-regulation of
brain-activity. We viewed this as a limitation to this review (see page 36) as well as a
limitation of the present EEG neurofeedback literature.
Overall, therefore, these small numbers of studies in the present review do not only
highlight the urgency for further robust evidence, but they also highlight that the research
framework for EEG neurofeedback research actively in the process of becoming more
concrete and operational.
In summary, the current study, for the first time, investigated the effectiveness of EEG
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neurofeedback for inhibition and updating of working memory in children between seven and
15 years old with ADHD and ASD using a systematic review and meta-analysis approach.
When EEG neurofeedback was compared with a sham EEG feedback group, a waitlist control
group, or pharmacological intervention, EEG neurofeedback was more effective in increasing
P3 mean amplitude, decreasing the clinical symptom severity in children with ADHD (i.e., a
score for inattention and hyperactivity-impulsivity combined; a score for hyperactivityimpulsivity only) and in children with ASD (i.e., social communication and interaction, as
well as stereotyped behaviour). Critically, all outcomes in this systematic review and metaanalysis were rated at low and very low certainty of evidence. Thus, these results may not
reflect the true effect, and these findings must be interpreted with caution. In order to provide
suggestions for the intervention’s clinical use, future, well-designed studies need to be
conducted.
Overall, therefore, the lack of high-certainty evidence for the effectiveness of EEG
neurofeedback indicates that this intervention is premature for clinical practice at this stage.
As such, further evidence is required for neurofeedback to be a viable approach to improve
inhibition and updating of working memory processing in children with ADHD and ASD.
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ABSTRACT

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:
To assess the effectiveness of EEG neurofeedback as treatment for inhibition and updating problems in children
facing neurodevelopmental challenges.
BACKGROUND

Neurodevelopmental disorders encompass a range of
conditions, each with cognitive challenges that become
apparent during childhood. Historically, these have
been conceptualised as various distinct disorders on
the basis of clinical phenotype and the classification of

symptom clusters in the Diagnostic and Statistical
Manual of Mental Disorders (DSM) Fourth Edition Text
Revision (DSMIV-TR) or Fifth Edition (DSM-5), or in the
International Classification of Diseases, 10th Revision
(ICD-10) (APA 2000; APA 2013; WHO 1993).
Neurodevelopmental disorders include conditions such
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as intellectual disability; autism; Asperger syndrome;
fetal alcohol spectrum disorder (FAS); fragile X
syndrome; Down syndrome; and attention deficit
hyperactivity disorder (ADHD) (Bishop 2008; Bishop
2010). However, existing classifications for
neurodevelopmental disorders are not mutually
exclusive, nor are these taxonomic systems intended to
speak to causation – this presents a significant
limitation when treatment options are considered.
Recent development of the Research Domain Criteria
(RDoC) has encouraged scientists to undertake
transdiagnostic reanalysis of disorders in the interests
of identifying shared causal pathways and
consequently informing more effective prophylactic or
curative responses, or both (Coghill 2015). At the same
time, emerging literature on neural circuitry is
illuminating development of circuits that mediate core
complex cognitive processes and behaviours in ways
that cut across these diagnostic groups (Glahn 2016).
Rather than distinct disorders, it is hypothesised that
different phenotypes emerge as a result of the complex
interplay of environment and biology within these
neural circuits (Cuthbert 2010; Rutter 2010). For
example, common cognitive functions that are
implicated in a range of mental illnesses as well as in
intellectual and behavioural disorders include reward
response, emotional regulation, extinction, working
memory, and response inhibition (Insel 2010a;
Leckman 2010). In cognitive terms, these processes are
summarised under the umbrella term ‘executive
functions’ or cognitive control (Davidson 2006; Garvey
2016). They form the point of transdiagnostic intersect
for several neurodevelopmental disorders (Doyle 2015;
Insel 2010b).
Inhibition and updating dominate the executive
function literature and are the cognitive functions that
have received the most attention as key functions of
executive control (Miyake 2000; St. Clair-Thompson
2006). As such, they form a secure conceptual platform
for this review. Inhibition refers to the capacity to
inhibit task-irrelevant distractors and to resolve conflict
in pursuit of a particular goal (Barkley 1997; Hughes
2002; Miyake 2000; Padmanabhan 2015; Sergeant
2000). Inhibition is implicated in tasks such as the
Stroop or Flanker task. Updating refers to the
functioning of working memory and is implicated in
coding of new information and, accordingly, in revising
the information that is currently held in working
memory. This function is targeted by tasks such as

letter or digit memory and the Rey Auditory Verbal
Learning Task (Kane 2003; Miyake 2000).
Electroencephalographic (EEG) neurofeedback training
provided to target inhibition and updating is described
in the literature.
In sum, EEG neurofeedback treatment for
neurodevelopmental disorders targeting the circuitry
for inhibition or updating provides hope for prevention
and remediation and will serve as the focus of this
review.
Description of the condition

A considerable proportion of the population is affected
by neurodevelopmental disorders including the
following.
Autism. It is estimated that 1 in 160 children
worldwide has a diagnosis of autism, which equates
to more than 7.6 million disability-adjusted life-years
and 0.3% of the global burden of disease (WHO
2013; WHO 2016a).
2. ADHD. It is estimated that 39 million people are
affected by ADHD globally (WHO 2013). American
reports suggest that approximately 11% of children
between 4 and 17 years of age (6.4 million) are
affected (Visser 2014). Australian figures suggest
that 7.4% (298,000) of 4- to 17-year-olds who had a
mental disorder between 2013 and 2014 suffered
from ADHD (Lawrence 2015). Between 5 and 14
years of age, an estimated 3.4% of total years (1800
years) is lived in ill health or with disability, making
ADHD the eighth leading cause of non-fatal loss of
health for children in this age group in Australia
(AIHW 2011).
3. Intellectual disabilities. An international metaanalysis in 29 countries indicated that, on average,
10.37 individuals among every 1000 people are
affected (Maulik 2011). This is the seventh leading
cause of non-fatal loss of health for children
between birth and five years of age in Australia, with
an estimated 4.3% of total years (700 years) lived in
ill health or with disability (AIHW 2011).
4. Down syndrome, FAS disorder, and fragile X
syndrome. These conditions have received little
attention in statistical accounts; therefore,
epidemiological data on these specific intellectual
disorders are limited to prevalence rates. The
incidence rate for Down syndrome is estimated to be
around 1 in 1000 to 1 in 1100 live births worldwide
(WHO 2016b). Western Australia reported estimates
of FAS disorder of 0.4 per 1000 live births for the
1.
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total population between 2000 and 2004 (Bower
2007). Roozen indicated that between 1990 and
2005 the reported occurence of FAS disorder in
Canada, Italy, and the United States was in between
30.52 and 47.13 per 1000, and, in South Africa, the
prevalence of FAS disorder is particularly high, at
113.22 per 1000 (Roozen 2016). In the absence of
life expectancy data for fragile X syndrome, and
given the strong genetic component involved in
development of this disorder, prevalence rates are
expected to be the same across all age groups
(Brown 2010). Leykin reported that numbers of
Australian persons with fragile X syndrome were
expected to range between 1362 and 4309 for a full
mutation with intellectual disability, and Brown
anticipated numbers of 13,466 and 87,137 with a
permutation (Brown 2010; Leykin 2009). Crawford
estimated that 1 in 3717 individuals of European
descent is affected by this condition (Crawford
2002). Youings projected that 1 in 5530 persons in
the United Kingdom would receive a diagnosis of
fragile X syndrome, and, most recently, Coffee
anticipated that fragile X syndrome would occur in 1
in 5161 males in the United States (Coffee 2009;
Youings 2000). In sum, neurodevelopmental
disorders exact a significant toll on individuals,
families,
and
communities.
Gaining
an
understanding of causal pathways with a view
toward prevention or remediation should be seen as
a priority.
Difficulties with cognitive control are evident in the
neurocognitive profiles of many individuals with
different neurodevelopmental disorders and are
implicated in the behavioural and emotional
presentation of affected children (Happé 2006;
Pennington 1996). For example, problems related to
inhibition and updating are present to varying degrees.
The neurocognitive profiles of children with fragile X
syndrome and ADHD most often indicate problems
with inhibitory control, which overlap with clinical
features of impulsivity and hyperactivity (Bari 2013;
Happé 2006; Hooper 2008; Knox 2012; Oosterlaan
2005). Difficulties with updating are implicated in Down
syndrome, fragile X syndrome, and intellectual
disability, all of which have been associated with
limited ability to hold, manipulate, and process
incoming information (Daunhauer 2014; Hartman
2010; Hooper 2008).
Executive functioning, the central mechanism required

for cognitive control, refers to the ability of the
cognitive system to co-ordinate internal processes (e.g.
perceptual selection and maintenance of contextual
information) in pursuit of performance of specific tasks
(e.g. reading a book) (Botvinick 2001). Although
phenotypic presentations of difficulties in this area can
be diverse, their impact on functioning generally
aggregates and worsens as an individual gets older
(Goldstein 2010; Masten 2005). Thus, when treatments
for executive functioning challenges are considered,
patient age is critical.
Executive functions develop rapidly during childhood
(from about the age of six years) and adolescence (e.g.
Anderson 2002). Not only does executive control
typically improve during this time, but the nature of
these functions is more fully differentiated (Brydges
2012; Brydges 2014a; Shing 2010). The growing
neuroplasticity literature informs us that integral to the
maturation of a child’s nervous system are sensitive
(but not necessarily critical) periods for development
(Davis 2009; Happé 2014; Heim 2012; Knudsen 2004;
Newport 2001; Perani 2003; Wachs 2014; Weber-Fox
1996). During these sensitive periods, the brain is
particularly susceptible to change through experience,
with potential for diminished remediation in
adulthood. Therefore, considering treatment
possibilities, such as EEG neurofeedback, during
emerging stages of executive functions provides hope
for remediating long-term dysfunction (Sonuga-Barke
2010). This developmental period accounts for the
choice of age groups included in the present review.
We will focus on children and adolescents between 6
and 18 years of age. As executive dysfunction plays a
role in various disorders, review authors will not
discriminate between disorders. Instead, we will focus
on core executive functions targeted through EEG
neurofeedback, specifically, inhibition and updating.
Description of the intervention

Cognitive-behavioural therapy, behavioural
intervention, medical treatment, or a combination of at
least two of these is currently employed to manage
symptoms of neurodevelopmental disorders
(Ageranioti-Bélanger 2012; Fabiano 2009; Hsia 2014;
Moskowitz 2011; Murawski 2015; Narzisi 2014;
Reichow 2011; Scheifes 2013; Weston 2016).
Conclusions regarding the effectiveness of noninvasive
symptomatic treatment approaches are often limited
by methodological weaknesses, such as lack of
methodological rigour or lack of randomisation during
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Figure 1. Neurofeedback intervention loop. This figure is adapted from Bagdasaryan and Le Van Quyen. It depicts a
simplified overview of neurofeedback that is delivered via electroencephalography (EEG) (Bagdasaryan 2013). During
the neurofeedback session, the individual’s brain signal is acquired through the EEG equipment (A, B). The software
processes the incoming brain signal and provides information about the degree of alignment between the participant’s
real-time brain activity and predetermined training goal parameters (C, D). This information is presented to the
participant as visual or auditory feedback in real time, to continuously update the participant about modulation of his or
her own brain activity (E; Bagdasaryan 2013; Huster 2014).

group allocation, and future research is needed to
further evaluate treatment options (Ozonoff 1998; Reid
2015; Walters 2016). The current alternative to noninvasive approaches is pharmacological intervention.
The pharmacological treatment pathway serves as a
popular means of symptom control, particularly for
children with ADHD (Banaschewski 2006; Faraone
2010; Scheifes 2013). Although pharmacological
interventions may be deemed a moderately effective
treatment option, side effects (e.g. headaches,
dizziness, reduced appetite, growth restriction), lack of
certainty around potential long-term risks,
reappearance of symptoms after discontinuation of
treatment, and non-response to medication have
sparked the search for non-invasive long-term
treatments that can be provided without negative
consequences (Graham 2011; Heinrich 2007; Jensen

2007; Murray 2008).
Technical advances have seen the development of EEG
neurofeedback as a promising, non-pharmacological
mode of intervention that can be used to help train,
prevent or remediate participants' cognitive
impairment at the source. EEG neurofeedback is
commonly conceptualised as computer gamebased
training of awareness or control of cognitive state that
can be achieved by providing participants with realtime feedback on their own brain states (Figure 1). It is
thought that participants can learn to modify or control
targeted brain-state activity, inducing neural plasticity,
which leads to improved self-regulation in daily
activities.
EEG neurofeedback is not dependent on complex
verbal instructions; therefore, this brain-training
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Figure 2. Publication rates between 2006 and 2016 of journal articles examining EEG-, fMRI-, and NIRSneurofeedback, as
indexed by Scopus. Footnotes EEG: electroencephalogram; fMRI: functional magnetic resonance imaging; NIRS: nearinfrared spectroscopy.

intervention can be effectively implemented crossculturally and in groups with language and
communication impairment. It is designed to be
embedded in a game format, which offers face validity
as a treatment for children. Currently, neither
implementation of this approach in the community nor
training of healthcare providers is monitored by an
accredited organising body. Instead, implementation of
EEG neurofeedback is based on the personal
preferences of providers and consumers, which makes
a systematic review of the evidence base for this
treatment a critical task.
EEG neurofeedback training comprises a range of
elements. A fundamental technical component of this
intervention is the technology that is used to monitor
the degree of alignment between the participant’s
brain activity and the pre-set goal parameter. Various
brain-imaging techniques have been utilised for the
intervention, such as near-infrared spectroscopy
(NIRS), functional magnetic resonance imaging (fMRI),

and electroencephalography (EEG) (Egner 2001; Marx
2015; Scharnowski 2015). Experimental research to
appraise various brain-imaging techniques is ongoing;
however, to date, no one technique has been identified
as the superior method for obtaining neurofeedback,
nor is compelling evidence available to support the use
of one technique over another. Therefore, we argue
that to get the most accurate picture of changes in
brain activity, such as those required in a microanalysis
of learning, a measure that can capture the most finegrained changes in milliseconds rather than seconds is
preferable (Sauseng 2008). Because it offers the
highest temporal resolution of all known techniques,
EEG is the only technology that meets this criterion.
Additionally, EEG is less costly and is more widely used
than alternatives (Figure 2). Its use is also more feasible
than, for example, fMRI when healthcare providers are
working with children, as the experience of being inside
an MRI machine can be unsettling and may disrupt
optimal task completion.
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EEG is a non-invasive method that is used to measure
the brain's electrical activity along the scalp via sensors
or electrodes. During setup of EEG neurofeedback,
these electrodes are placed on the head of the
participant, and training goal parameters define
features of the EEG signal that are to be trained (i.e.
EEG frequency); the number of electrodes; the
placement location of electrodes on the scalp; and the
number, duration, and frequency of sessions (e.g. to
decrease theta/alpha activity and increase beta
activity, one electrode at Cz for 12 sessions overall,
split into three 45minute sessions per week; to
increase sensorimotor rhythm and suppress theta
activity, individualised training at, for example, C3 and
C4, for 30 sessions overall, split into two 20-minute
sessions per week; and to increase sensorimotor
rhythm and suppress theta activity, electrode
placement at C4 for 40 sessions overall, split into 20
meetings of two 60-minute sessions each with a short
break in between (Arnold 2013; Lansbergen 2011;
Perreau-Linck 2010)). Once EEG neurofeedback
equipment is set up, the participant’s neural variability
is recorded and analysed in real time, and the degree
of alignment between set parameters and the person’s
neural activity is communicated in the form of visual or
auditory feedback. Visual feedback may consist of a
blurry picture of an animated character. Only when the
participant’s ongoing neural variability matches goal
parameters would the picture become clear.
Alternative visual feedback may be received in the
form of virtual reality tasks, animated games,
waveforms, or graphs (e.g. Linden 1996). Auditory
feedback may comprise tones that change in volume,
pitch, or duration as recorded activity fluctuates (Egner
2002).
The elaborate setup of the intervention poses
interesting challenges for comparison or control groups
in EEG neurofeedback research. As the technology is
integral to EEG neurofeedback, the most rigourous and
the only form of placebo for which blinding is possible
is sham EEG neurofeedback. During sham EEG
neurofeedback, the participant receives feedback
unrelated to his or her own performance but based on
pre-recorded or artificial EEG activity. Apart from the
technical elements that make it challenging to find a
placebo or carry out blinding, participants
unsuccessfully attempt to learn to modulate their
(fictitious) neural activity, often resulting in poor

compliance or frustration. Therefore, rather than
subjecting participants to a blinding trial, EEG
neurofeedback research frequently implements
alternative comparators such as conventional
treatments (i.e. active, non-invasive control trials, for
example, behavioural management interventions) and
waitlist controls, by which participants wait for their
active treatment intervention (Sonuga-Barke 2013).
Uncertainty in the literature pertains to the measurable
effect of EEG neurofeedback, as well as to effects of
technology, target frequency, electrode location,
feedback type, number of sessions, and session
duration on the efficacy of the intervention. Each of
these intervention components forms a critical part of
the intervention. In theory, any changes in the
composition of these parts can influence the efficacy of
EEG neurofeedback and may constitute distinct
therapeutic approaches. In the absence of an evidence
base for EEG neurofeedback, clinical practice currently
operates on the basis of literature that has produced
favourable EEG neurofeedback outcomes in the past
(e.g. Arnold 2013; Lubar 1995a). Each component
needs further research to explore its influence on the
intervention process. With a growing number of EEG
neurofeedback studies and approaches, it is not clear
which frequency, electrode location, number of
sessions, technology, or feedback type provides the
best EEG neurofeedback therapy for children with
executive functioning problems. As a starting point, we
will look at the current literature and will investigate
the fundamental effectiveness of EEG neurofeedback.
How the intervention might work

Traditionally, researchers have conceptualised the
neurofeedback loop as a learning process, which
follows behavioural learning mechanisms of operant
conditioning. Operant conditioning studies (e.g.
Schedules of Reinforcement) have shown that targeted
participant behaviour can be regulated by providing
positive reinforcement immediately after the targeted
behaviour occurs (Ferster 1957). It is of great
importance that the relationship between the
behaviour and the reinforcement is clear to the
learner. As such, the timing of presentation of the
reinforcer is crucial, as even small delays (as little as a
second) can decrease the strength of the association
between the reinforcer and the target behaviour that is
to be reinforced (Skinner 1958). Use of EEG in the
neurofeedback paradigm has enabled researchers to
seek more immediate and more secure associations via
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measurable aspects of behaviours and reinforcers, such
as by targeting the specific oscillations that underlie
clinical symptoms like impulsivity or hyperactivity as
the independent variable (Gevensleben 2012). It is
therefore conceivable that the capacity for EEG
neurofeedback to provide subsecond feedback may
make it especially efficient as an approach to behaviour
modification and brain plasticity, as compared with
mental regulation unassisted by feedback (Bai 2014;
Beatty 1974). Nevertheless, it should be noted that this
potential advantage of high temporal resolution of EEG
over other neurofeedback techniques has not been
demonstrated.
Progressing technology has enabled researchers to
seek clues in an attempt to describe EEG
neurofeedback mechanisms from a biological
viewpoint. As mentioned earlier, during EEG
neurofeedback, the participant is provided with
feedback about differences between target parameters
and their actual neural activity. In theory, through this
feedback, the participant can learn to modulate brain
activity towards the target parameter. Fundamental to
this step is the idea that, during training, the
participant learns to memorise the neural or
behavioural state at the time of the reward, which
facilitates reproduction of this same pattern in the
future. Currently, the mechanisms that underpin this
learning process have not been fully illuminated.
However, principles of neuroplasticity may provide
further clues to the causal pathway.
Neuroplasticity refers to the unique ability of the brain
to grow neurons and to alter neural connections in
response to experiences (Siegel 2010). Imaging studies
have indicated, for example, how training in activities
such as music, exercise, or meditation can have a
lasting impact on brain structure or function, or both
(Vance 2010; Zatorre 2013). This finding highlights the
fact that repeated, activity-dependent experiences can
have a lasting impact on the brain (Ganguly 2013).
Converging evidence suggests that reinforcing a
particular oscillatory pattern through EEG
neurofeedback training increases the likelihood that
the same pattern will be reproduced more easily in the
future (Lubar 1995b; Ros 2010). For the beta rhythm,
for example, this effect is robust enough to be detected
up to three years after EEG neurofeedback training
(Engelbregt 2016). This supports the fundamental
premise of EEG neurofeedback that the brain can be
conditioned to exhibit certain oscillatory patterns.

Theoretically, this phenomenon might be explained by
a combination of previously established plasticity
mechanisms, such as associative and homeostatic
forms (Ros 2014). The principle of associative (i.e.
Hebbian) plasticity suggests that “synapses that fire
together, wire together and synapses that fire apart,
wire apart” (Knoblauch 2012). Neurophysiological
evidence indicates that the amplitude of EEG
oscillations is augmented by the number of neurons (or
synaptic potentials) (Musall 2014). Therefore, with
repeated training, the connections between neuron
populations that are amplified or synchronised to
create a particular oscillatory pattern would
strengthen, facilitating generation of this pattern in the
future. Common to all these theories is the hypothesis
that modification of neural circuitry is possible and is
likely to result in observable behavioural changes.
At a more technical level, during EEG neurofeedback,
electrodes that are placed on the scalp measure the
synchronised, rhythmical fluctuations of local field
potentials of groups of neurons, also known as neural
oscillations. These oscillations arise from the excitatory
postsynaptic potentials (EPSPs) of large groups of
neurons, resulting in a measurable EEG signal at scalp
level (Nunez 2000). Synchronised oscillatory activities
are associated with cognitive abilities such as inhibition
(for a review, see Klimesch), updating of working
memory, and temporary maintenance of information in
working memory, which suggests that neural
oscillations are a fundamental functional mechanism in
cortical computation (Deiber 2007; Klimesch 2006;
Sauseng 2010).
Why it is important to do this review

Executive functions play a critical role in everyday life.
Performance of complex tasks, academic achievement,
and later success in life are mediated by the
development of executive functioning (Garavan 1999;
Miyake 2000; St. Clair-Thompson 2006). EEG
neurofeedback treatment provides hope for prevention
and remediation of difficulties in the area of executive
functioning for children with neurodevelopmental
disorders. New EEG neurofeedback protocols are
continuously being tested to determine what most
effectively reduces or remediates executive functioning
difficulties in neurodevelopmental disorders such as
inhibition and updating (e.g. Kouijzer 2009). However,
commercial use of EEG neurofeedback is currently
outpacing the evidence base. The economic cost of this
intervention is high for parents, but patient
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desperation is also high. A history of poorly researched
interventions for children (e.g. studies by Bishop and
Stephenson) has encouraged the profession to take
greater accountability in establishing the effectiveness
of new treatments as a matter of priority and
professional ethics (Bishop 2007; Stephenson 2008).
Use of EEG neurofeedback as an intervention for
children with neurodevelopmental problems has
reached just such a critical juncture. It is imperative
that the evidence base for these interventions is now
put to the test.
This systematic review is the first of its kind and
therefore will make a unique contribution to the EEG
neurofeedback literature. It is preliminary to any
further investigations of the cost-effectiveness or
feasibility of this intervention. If the effectiveness of
EEG neurofeedback is supported by this review, it is
conceivable that additional research will be conducted
to identify its applicability to other mental health
conditions or age groups.
OBJECTIVES

To assess the effectiveness of EEG neurofeedback as
treatment for inhibition and updating problems in
children facing neurodevelopmental challenges.
METHODS

Criteria for considering studies for this review
Types of studies

All randomised controlled trials (RCTs) (i.e. random
allocation of participants to treatment, control, or
follow-up groups) and quasi-RCTs (i.e. allocation of
participants to intervention or control groups via date
of birth, etc.).
Types of participants

Children or adolescents, or both, aged 6 to 18 years
with executive functioning difficulties in the domains of
inhibition and updating. We will identify these
neurodevelopmental challenges in the literature via the
clinical diagnosis of a neurodevelopmental disorder
such as intellectual disability, autism spectrum disorder
(ASD), FAS disorder, fragile X syndrome, Down
syndrome, and ADHD, as specified by the Diagnostic
and Statistical Manual of Mental Disorders (DSM)
Fourth Edition Text Revision (DSM-IV-TR) or Fifth
Edition (DSM-5), or by the International Classification
of Diseases, 10th Revision (ICD-10) (APA 2000; APA
2013; WHO 1993).
Excluded participants

We will exclude participants with severe brain damage,
epilepsy, Tourette's syndrome, or any condition in
which the focus of neurofeedback intervention is not
specific to executive functions (e.g. to remediate
damage, seizures, or tics), as well as participants with
non-neurodevelopmental comorbidities (e.g.
depression).
We will include participants with neurodevelopmental
challenges as well as those with other mental health
problems, as long as data provided for participants
with neurodevelopmental challenges can be
considered separately.
Types of interventions

EEG neurofeedback (also referred to as EEG
biofeedback), regardless of protocol (target frequency),
feedback type (visual vs aural), and session number and
duration, used as treatment for improving levels of
inhibition and updating (or both) in children with
neurodevelopmental challenges. We will include
studies administering EEG neurofeedback in
combination with another intervention only when the
cointervention is administered to both groups.
For reasons outlined earlier in this protocol, control
groups will include sham feedback (i.e. feedback that is
unrelated to the participant’s neural activity at the time
of intervention administration), treatment as usual
(e.g. behavioural management intervention), and waitlist control (see Description of the intervention).
Types of outcome measures

Primary outcomes

Changes in participant EEG profiles (e.g. eventrelated potential (ERP), specifically, N2 for inhibition
and P3 for updating (Brydges 2014b;Donchin 1988:
Luck 2014;Polich 2007))
2. Changes in inhibition (e.g. Stroop Color and Word
Test: Children's Version) and changes in updating
(e.g. Rey Auditory Verbal Learning Test) (Golden
2002; Schmidt 1996)
3. Adverse effects (e.g. Pittburgh Side Effects Rating
Scale) (Pelham 1999) (It is important to note that we
will consider only outcome assessments for which
the outcome assessor was blinded.)
1.

Secondary outcomes

1. Changes in behavioural performance (e.g.
hyperactivity and impulsivity, as measured by selfreport measures such as Conners-3 (Conners 2011))
(Again, we will consider only outcome assessments
for which the outcome assessor was blinded.)
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Search methods for identification of studies

unpublished studies in this field.

We will search the electronic databases and trials
registers listed below, and will not limit our searches by
language, date, or publication type.
1. Cochrane Central Register of Controlled Trials
(CENTRAL; current issue) in the Cochrane Library,
which includes the Cochrane Developmental,
Psychosocial and Learning Problems Specialised
Register.
2. MEDLINE Ovid (1946 onwards).
3. MEDLINE In-Process and Other Non-Indexed
Citations Ovid (current issue).
4. MEDLINE Epub Ahead of Print Ovid (current issue).
5. Embase Ovid (1974 onwards).
6. CINAHL Plus EBSCOhost (Cumulative Index to
Nursing and Allied Health Literature; 1937 onwards).
7. PsycINFO Ovid (1806 onwards).
8. Science Citation Index - Expanded Web of Science
(SCIEXPANDED; 1970 onwards).
9. Social Sciences Citation Index Web of Science (SSCI;
1970 onwards).
10.Conference Proceedings Citation Index - Science
Web of Science (CPCI-S; 1990 onwards).
11.Conference Proceedings Citation Index - Social
Science & Humanities Web of Science (CPCI-SS&H;
1990 onwards).
12.Cochrane Database of Systematic Reviews (CDSR;
current issue), part of the Cochrane Library.

1.

Electronic searches

13.Database of Abstracts of Reviews of Effects (DARE;
current issue), part of the Cochrane Library.
14.Epistemonikos
(www.epistemonikos.org/nl/advanced_search).
15.WorldCat (OCLC) (www.worldcat.org/default.jsp).
16.ClinicalTrials.gov (www.clinicaltrials.gov).
17.World Health Organization (WHO) International
Clinical Trials Registry Platform (ICTRP;
apps.who.int/trialsearch).
We will use the strategy provided in Appendix 1 to
search MEDLINE, and we will adapt it appropriately for
searches of the other databases. When papers are
published in a language other than English, we will
contact the study author to request reports translated
into English.
Searching other resources

Grey literature

We will search the websites listed below for

The Association for Applied Psychophysiology and
Biofeedback, Inc. (aapb.org).
2. The Biofeedback Federation of Europe (bfe.org).
3. EEG Spectrum International
(eegspectrum.com/ADHD-ADD).
4. International Society for Neurofeedback and
Research (isnr.org).
5. Applied
Neuroscience Society of
Australasia
(appliedneuroscience.org.au).
Reference lists

We will search the reference lists of all eligible studies
included in this review for additional relevant studies
that meet our inclusion criteria (see Criteria for
considering studies for this review).
Data collection and analysis
Selection of studies

Two review authors (JL and SB) will individually
examine the titles and abstracts of records yielded by
the search and will assess them against the inclusion
criteria of this review (Criteria for considering studies
for this review). For all studies that meet the inclusion
criteria, or for which more information is needed to
assess eligibility, we will obtain the full-text reports,
and both review authors (JL and SB) will separately
reassess these studies against the inclusion criteria. For
full-text reports that are not written in the English
language, or for data that are not available in the
article, we will contact study authors for further
information, to help us ascertain the eligibility of these
studies for inclusion in the present review. We will
record reasons for inclusion or exclusion of all studies
separately, and JL and SB will discuss discrepancies
between views. When conflicting views cannot be
reconciled, these review authors will consult the entire
research team until a consensus is reached. Before any
studies are selected, we will pilot-test application of
the eligibility criteria. Finally, for maximum
transparency during this selection process, we will
complete a PRISMA flow diagram (Liberati 2009).
Data extraction and management

Two review authors (JL and SB) will independently
extract and enter the following data from each study
onto an electronic spreadsheet specifically designed for
this Cochrane Review: participant details (age, gender,
executive function problems); intervention details
(number of sessions, session duration, followup,

162

electrode location(s), frequency parameter, aural or
visual feedback mode); study location; type of study
(RCT, quasi-RCT); intervention procedures (treatment
allocation, blinding); type of control group (sham
feedback, treatment as usual, wait-list control); and
outcome measure data. Before any data are extracted,
we will pilot test the application of spreadsheet
categories, to ensure that relevant and comprehensive
data are collected. We will resolve disagreements
amongst ourselves that might occur during the data
extraction process. When conflicting views cannot be
reconciled, we will consult the entire research team
until a consensus decision is reached.
Assessment of risk of bias in included studies

Two review authors (JL and SB) will independently
assess the risk of bias of each included study, using the
Cochrane 'Risk of bias' tool (Higgins 2017). We will
assess each study as having low, high, or unclear risk of
bias in relation to each of the 'Risk of bias' domains
described below. JL and SB will record each rating
separately and will discuss discrepancies between
views. When conflicting views cannot be reconciled, we
will consult the entire research team until a consensus
agreement is reached.
Cochrane 'Risk of bias' tool

The domains described below form the 'Risk of bias'
assessments for RCTs and quasi-RCTs.

Sequence generation

We will describe the method used in each study to
generate the participant allocation sequence and will
assess whether this sequence should have produced
comparable participant groups.
Review authors’ judgement: Is the participant
allocation sequence truly random, and what is the
resulting risk of allocation bias to experimental or
control groups?
1. Low risk of bias: Study authors described the
random component in the allocation sequence of
participants (e.g.
computer random number generator, random
number table).
2. High risk of bias: Study authors described a nonrandom component in the allocation sequence of
participants (e.g.
allocation by date of birth or by judgement of the
investigator).

3.

Unclear risk of bias: The process of randomisation
was not described in sufficient detail to permit a
judgement of low or high risk of bias.

Allocation concealment

We will describe the measures that were used to
conceal the allocation process from participants and
from investigators and will determine whether this
allocation to a particular group or training schedule
could have been foreseen before, or during,
participation by participants or investigators.
Review authors’ judgement: Is the participant
allocation sequence truly concealed, and what is the
resulting risk of allocation bias due to inadequate
concealment?
1. Low risk of bias: The allocation procedure was
adequately concealed from participants and
investigators (e.g. telephone allocation).
High risk of bias: Participants or investigators could
have foreseen their allocation (e.g. when allocation
was based on the judgement of the clinician or on
the date of birth of participants).
3. Unclear risk of bias: The allocation process was not
described in sufficient detail to permit a judgement
of low or high risk of bias.
2.

Blinding of participants and personnel

We will describe all modes of blinding participants and
staff from any knowledge of the intervention that a
participant received.
Review authors’ judgement: Are participants and
personnel adequately blinded from any knowledge of
the type of intervention that participants received, and
what is the resulting risk of performance bias?
1. Low risk of bias: Lack of blinding (no blinding or
incomplete blinding) is present, but it is clear that
this lack of blinding is unlikely to influence the
outcome; or participants and personnel have been
blinded, and it is unlikely that this blinding has been
interrupted.
2. High risk of bias: Lack of blinding (no blinding or
incomplete blinding) is present, and outcomes are
likely to have been influenced by lack of blinding; or
participants and personnel have been blinded, but it
is likely that this blinding has been interrupted,
which has influenced the outcome.
3. Unclear risk of bias: The blinding process was not
described in sufficient detail to permit the
judgement of low or high risk of bias, or this
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outcome was not addressed in the study. Owing to
the learning component in EEG neurofeedback (see
Description of the intervention), we expect that
most studies will fall into this category.
Blinding of outcome assessment

We will describe all modes of blinding outcome
assessors from any knowledge of the intervention that
a participant received.
Review authors' judgement: Are outcome assessors
adequately blinded from any knowledge of the type of
intervention that participants received, and what is the
resulting risk of detection bias?
1. Low risk of bias: The outcome assessment was not
blinded, but it is clear that this lack of blinding is
unlikely to influence the outcome measurement; or
the outcome assessment has been blinded, and it is
unlikely that this blinding has been interrupted,
which has influenced outcome measurements.
2. High risk of bias: The outcome assessment was not
blinded, and outcomes are likely to have been
influenced by the lack of blinding, or the outcome
assessment has been blinded, and it is likely that this
blinding has been interrupted, which has influenced
outcome measurements.
3. Unclear risk of bias: The blinding process was not
described in sufficient detail to permit the
judgement of low or high risk of bias, or this
outcome was not addressed in the study. Owing to
the learning component in EEG neurofeedback (see
Description of the intervention), we expect that
most studies will fall into this category.
Incomplete outcome data

We will describe the completeness of outcome data,
including information on participant attrition,
exclusions, re-inclusions for analyses, and participant
numbers for each intervention group, as well as any
withdrawals from study groups.
Review authors’ judgement: Are incomplete data
handled adequately, and what is the resulting risk of
attrition bias?
1.

Low risk of bias: There is no indication of missing
data; if data are missing, the same numbers of data
points are missing across intervention groups; the
data have been imputed suitably; or reasons for the
missing data are unlikely to have influenced the
outcome.

High risk of bias: Uneven numbers of data points are
missing across intervention groups; data have been
imputed through an unsuitable approach; or reasons
for missing data are likely to have influenced the
outcome.
3. Unclear risk of bias: Study authors did not provide
sufficient information that permits a judgement of
low or high risk of bias (e.g. no reasons for missing
data provided), or this outcome was not addressed
in the study.
2.

Selective reporting

To assess any reporting bias, we will examine whether
all prespecified outcomes have been reported. When
this is not the case, we will contact researchers to ask
for non-reported findings.
Review authors’ judgement: Are there indications of
selective outcome reporting, and what is the resulting
risk of reporting bias?
Low risk of bias: Study protocol is available, and
outcomes prespecified in the protocol have been
reported; when the protocol is not available, it is
clear that all expected outcomes have been
reported.
2. High risk of bias: Not all of the outcomes
prespecified in the protocol were reported;
measurements were used that were not
prespecified; outcomes were reported that were not
prespecified; reporting of outcomes was incomplete;
or study authors failed to include results for a
particular outcome.
3. Unclear risk of bias: Study authors did not provide
sufficient information to permit a judgement of low
or high risk of bias. It is expected that most studies
will fall into this category.
1.

Allegiance bias

We will report any concerns of allegiance bias not
otherwise covered by above-mentioned components of
the 'Risk of bias' tool. Currently, no consensus has been
reached on what constitutes an effective measurement
of allegiance bias. The procedure most often used to
document and evaluate this type of bias was developed
by Gaffan and colleagues (Gaffan 1995). However, in
line with the critique provided by Leykin and
colleagues, we will focus on evaluation of the
treatment protocol by its developers or, in this case, on
sponsorship by neurofeedback equipment owners, to
measure high, low, or unclear risk of allegiance bias
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(Leykin 2009).
1. Low risk of bias: no evidence that study authors
developed the protocol; study was not sponsored by
neurofeedback equipment owners.
2. High risk of bias: evidence that study authors
developed the protocol; study was sponsored by
neurofeedback equipment owners.
3. Unclear risk of bias: information provided points
towards allegiance bias, but insufficient details
prevent a judgement of whether low or high risk of
bias is present; evidence of this bias is insufficient.
Measures of treatment effect

Continuous data

For continuous data, we will calculate the mean
difference (MD), when possible (i.e. when the same
outcome variables were assessed via the same
measurement scale). When investigators assessed the
same outcome variables through different modes of
data collection (i.e. different scales, various scoring
methods), we will calculate the standardised mean
difference (SMD). We will present both the MD and the
SMD with 95% confidence intervals
(CIs).
Dichotomous data

For dichotomous data, we will compute the risk ratio
(RR) for each outcome and the 95% CI to describe the
probability that a particular outcome is going to occur.
Unit of analysis issues

Cluster-randomised trials

To our knowledge, no EEG neurofeedback studies have
randomised groups or clusters of participants, rather
than individuals; therefore, we do not expect to find
any cluster-randomised trials during our search. Should
cluster-randomised trials become available in the
future, we will assume that researchers have adjusted
for clustering in their results. For trials that have not
previously adjusted for clustering, we will attempt to
calculate an estimate of the intracluster correlation
coefficient (ICC) by using the formula provided in the
Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011). If we are unable to
calculate the ICC (owing to lack of information), we will
request further information from study authors or will
attempt to calculate the ICC using data from
comparable studies or available resources. We will
examine the impact of variation in ICCs via a Sensitivity
analysis and will discuss outcomes in the Discussion
section of the review.

Cross-over trials

We do not anticipate identifying any cross-over trials.
However, if we do, we will use data from the first
period only, given the possibility of a carry-over effect,
and lack of available information concerning the time
taken for any intervention effects to fade or 'wash out'.
Studies with multiple interventions

We will combine all EEG groups and will conduct a
simple, pair-wise comparison with all control groups.
For participants who continue to receive medication,
we will consider data only if participants in both
intervention and control groups continue to receive
medication. We will conduct a sensitivity analysis to
examine the potential effects of differences in
participants' medication or dosage, or both, on trial
results (see Sensitivity analysis).
Multiple reports

When multiple reports describe the same study, we
will take extra care to ensure that only independent
findings are reported. If it is unclear whether reports
include independent findings, we will contact the
report authors to ask for clarification.
Dealing with missing data

We will record attrition and missing outcome data for
each study and will contact study authors to request
missing outcome data. When study authors do not
provide data for missing summary statistics (e.g.
standard deviations), we will base our calculations on
other reported outcomes, when possible. When study
authors do not provide data for missing specified
outcomes, we will attempt to conduct an intention-totreat (ITT) analysis by including participants
randomised into a trial, irrespective of the group. If an
ITT analysis is not possible, we will conduct an available
case analysis using only participants whose outcome
data are known. We will examine the impact of missing
data on the main analyses via a Sensitivity analysis and
will discuss outcomes in the Discussion section of the
review.
Assessment of heterogeneity

We will assess clinical and methodological
heterogeneity by comparing the effects of distribution
of key participant traits (e.g. distribution of sex, age,
severity of executive functioning difficulties), protocol
factors (e.g. target frequency, electrode location,
feedback type, number of sessions, session duration),
and trial factors (e.g. randomisation) on the efficacy of
the intervention. We will employ forest plots to
identify any statistical heterogeneity (overlap of CIs)
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and will quantify this by computing I2 and Chi2 statistics
(Deeks 2011). Although I2 of 50% is a reasonable
indication of heterogeneity, substantial heterogeneity
will be clearly exemplified by I2 of 65% (Section 9.5.2;
Deeks 2011). The P value for the Chi2 test must be less
than 0.10. We will employ the Tau2 statistic as a
measure of between-study variability.
In the event of very high heterogeneity, we will identify
studies that are contributing to high heterogeneity and
will exclude them. If exclusion does not successfully
remove the heterogeneity, we will not present
outcomes of meta-analyses for this variable. We will
transparently record all actions and reasons for
exclusion.
Assessment of reporting biases

Before we include any studies, we will assess risk of
allocation, detection, performance, attrition, and
reporting biases, as outlined in the Assessment of risk
of bias in included studies section above. Additionally,
when we include more than 10 studies, we will prepare
funnel plots to assess publication bias. We will visually
inspect these plots for skewness. When we find
evidence of an asymmetrical funnel plot, we will apply
Egger's test (Egger 1997).
Data synthesis

To conduct the meta-analysis, we will pool outcome
data through Review Manager 5 (RevMan 5) (Review
Manager 2014). Owing to the nature of our study
design, we will consider the likelihood of heterogeneity
in our data as high (e.g. data from varying EEG
neurofeedback protocols, participants with different
disorders and from different study designs).
Given the high probability of significant heterogeneity
in our results, we will apply a random-effects model.
We will conduct subgroup analyses to systematically
investigate heterogeneity (see Subgroup analysis and
investigation of heterogeneity).
'Summary of findings'

We will create a 'Summary of findings’ table using a
combination of RevMan 5 (Review Manager 2014) and
GRADEprofiler (GRADEpro; GRADEpro GDT 2015). In
this table, we will present effects of EEG
neurofeedback (1) on underlying ERPs of executive
function performance, (2) on executive function
performance as measured by psychometric tests, (3) in
relation to overall wellbeing of participants with
adverse effects recorded, and (4) on behavioural
performance. Additionally, we will include the number
of participants and a rating of the quality of evidence

based on GRADE criteria derived using GRADEpro
(GRADEpro GDT 2015; Guyatt 2006; Schünemann
2006). Two review authors (JL and SB) will
independently rate the quality of evidence according to
one of four levels (high, moderate, low, or very low).
For example, we will rate the quality of evidence from
a RCT as high; however, presence of risk of bias (e.g.
design limitations, limitations in the implementation of
studies that are likely to introduce bias), indirectness of
evidence (e.g. indirect effects on the population,
intervention or control groups, or outcomes),
imprecision (e.g. wide CIs due to small sample sizes),
inconsistency of results (e.g. unexplained
heterogeneity), and/or reporting bias (e.g. publication
bias; failure to report outcomes) may lower the GRADE
rating. Both review authors will make notes to guide
their judgements to ensure a transparent rating
procedure.
Subgroup analysis and investigation of heterogeneity

Subgroup analyses are observational in nature, and any
conclusions drawn are intended only to highlight
potential areas of future research (Deeks 2011). When
sufficient outcome data are available, we will carry out
subgroup analyses and investigations of heterogeneity
for each outcome (see Types of outcome measures),
with consideration of the following points.
1. Investigation of the effectiveness of EEG
neurofeedback as a function of frequency, session
number, session duration, electrode location, or
feedback type.
Investigation of the effectiveness of EEG
neurofeedback as a function of the control group
against which it is compared.
3. Investigation of the effectiveness of EEG
neurofeedback as a function of the childhood
disorder, as defined by diagnostic criteria (DSM-IVTR; DSM-5; ICD-10) (APA 2000; APA 2013; WHO
1993).
4. Investigation of the effectiveness of EEG
neurofeedback as a function of age.
5. Investigation of the interaction between
intervention factors (e.g. session numbers) and
dropout rates.
2.

Sensitivity analysis

Our goal is to draw robust conclusions regarding the
questions that we ask in this review. When
methodological choices of individual studies or trial
analyses might compromise the robustness of our
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conclusions, we will conduct sensitivity analyses.
Specifically, we anticipate that we will be able to
conduct sensitivity analyses for the situations listed
below.
1. Comparison of variable findings from RCTs and
quasi-RCTs.
2. Studies with high or unclear risk of bias as indicated
by the 'Risk of bias' assessment.
3. Studies with concurrent psychopharmacological
treatment.
4. Variation in ICCs for analyses pertaining to clusterrandomised controlled trials.
5. Studies with missing data.
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Neurofeedback/
2 Biofeedback, Psychology/
3 (neurofeedback or neuro-feedback).tw,kf.
4 (biofeedback or bio-feedback).tw,kf.
5 or/1-4
6 Electroencephalography/
7 (electroencephalograph$ or electro-encephalograph$ or EEG).tw,kf.
8 or/6-7
9 Feedback/
10 (feedback$ or feed-back$).tw,kf.
11 or/9-10
12 8 and 11
13 5 or 12
14 neurodevelopmental disorders/ (651)
15 ((neurodevelopment$ or neuro-development$) adj3 (disorder$ or disab$ or challeng$ or condition$)).tw,kf.16
child development disorders/
17 developmental disabilities/
18 (developmental$ adj3 (disab$ or disorder$ or impair$)).tw,kf.19 exp child
development disorders, pervasive/ 20 autis$.tw,kf.
21 asperger$.tw,kf.
22 exp "Attention Deficit and Disruptive Behavior Disorders"/23 attention
deficit$.tw,kf.
24 (hyperactiv$ or hyper-activ$).tw,kf.
25 impulsiv$.tw,kf.
26 (ADHD or ADDH or "AD/HD" or TDAH).tw,kf.
27 intellectual disability/
28 (intellectual$ adj3 (disab$ or disorder$ or impair$)).tw,kf.
29 (mental$ adj3 (disab$ or impair$ or handicap$ or retard$)).tw,kf.
30 learning disab$.tw,kf.
31 Down Syndrome/
32 Down$ syndrome$.tw,kf.
33 Fetal Alcohol Spectrum Disorders/34 F?etal Alcohol.tw,kf.
35 Fragile X
Syndrome/ 36 (FRAXE
or FRAXA).tw,kf.
37 "Fragile X".tw,kf.
38 or/14-37
39 13 and 38
1
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