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Abstract

Objective: Neurofeedback (NF) training is being applied miacreasing number
of clinical and peak performance fields. Bettertoolied NF studies with larger sample
sizes are being conducted, aiming at gaining insighto the specific effects of
particular NF protocols together with the underymechanisms mediating a successful
training. The aim of the present investigation wage-fold. It set out to examine the
effects of different NF protocols on well-being bad, to evaluate the effects of an
adaptive type of NF training, as well as to shedhtr light on the neuronal
mechanisms underlying different NF protocols wikpect to attentional processes and

motor system excitability.

Methods: ‘Healthy adults 6 = 73) were randomly allocated to one of four
groups: a theta/beta neurofeedback, a slow comicedntial (SCP) neurofeedback, an
adaptive neurofeedack (ANF), or a control trainigiup. Neurofeedback training
consisted of 10 double sessions. Pre- and posirigaassessments encompassed both
self-report and performance measures in additiomesting EEG and event-related
potential (ERP) recordings as well as measuremieased on transcranial magnetic
stimulation (TMS). Self-report measures compridesl domains attention, well-being /
mood, and personality characteristics. Performamteasures assessed working
memory, motor skills, as well as attentional skdisring the Attention Network Test
(ANT). ERPs recorded during the ANT were analyzeduking on the contingent
negative variation (CNV), reflecting anticipationdapreparation, as well as on cue- and
target-P3 amplitudes which are thought to be rdlédeattentional resource allocation.
TMS measurement was based on a double pulse paragiglied during a resting state
to assess short-interval intracortical inhibiti®@l) and intracortical facilitation (ICF).
In addition, self-regulation skills acquired duritigeta/beta and SCP training were

analyzed and associated with behavioral and ERBunes

Results: Overall, pre-post improvements were observedpeddent of type of
group in the domains action-orientation, self-ascasd in tendency for attention, while
an overall decrease in vigor was observed. Paaintgoshowed faster and less variable
responses during the ANT, improved working memoand improved darts
performance. Resting EEG measures revealed amaserna theta and alpha activity,

and a tendency for increased beta activity. No ggnraining effects on ERP measures
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(cue-P3, target-P3, and CNV amplitudes) during &NT were obtained. TMS
measures indicated a tendency for decreased inticdonhibition.

With respect to specific results related to the pMétocols, the following pattern
of results was obtained, mainly based on effect sieasures. While only a slight
advantage of NF on self-ratings of attention waseobed, somewhat more positive
effects were obtained for well-being / mood andcpered stress, which were slightly
more pronounced in the SCP and ANF groups. Thatatb&ning was associated with
faster responding in the ANT. ERPs assessed dthim@NT revealed increased CNV
amplitudes after NF training. Self-regulation asaly suggested a slight hint for
increased CNV amplitudes being associated withesstal negativity regulation during
SCP training, and for decreased target-P3 ampbtieeng associated with successful
theta/beta regulation. An increase in alpha agtij@t Pz) was observed after ANF

training, and an increase in both SICI and ICF wlaserved after theta/beta training.

Discussion: Some effects of NF training protocols on wellfigei/ mood were
observed, but the results were smaller than exgeetpecially with respect to effects
on attention. All three NF protocols were associatih improved resource allocation
during cognitive preparation (as indicated by iased CNV amplitudes), which may
have been specifically targeted by regulation addiduring negativity trials of SCP
training. The association of reduced target-P3 duogds with successful theta/beta
regulation may indicate less attentional resourmesied for target stimulus evaluation.
Motor system excitability changes after theta/b&t@Ening mimicked the results
observed after a single dose of methylphenidateealthy adults. The results obtained
for the ANF group were comparable to those of theeioNF groups, although the
expected advantage on well-being / mood became siglgtly visible. The effects of
relaxation training in the ANF group may have besftected in increased alpha activity
observed after ANF training in a resting state.uFaitstudies including larger sample
sizes are needed to further determine the speygifdithe effects related to particular

NF protocols as well as the latter’s effects onlaweing / mood.
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Zusammenfassung

Zielsetzung: Neurofeedback (NF) wird in einer immer grof3er degrden Zahl
von klinischen Studien und Peak-Performance Studiegesetzt. Besser kontrollierte
NF-Studien mit groReren Stichproben werden durdiigef die darauf abzielen,
Einsichten Uber die spezifischen Effekte bestimniN&-Protokolle, sowie Uber die
Wirkmechanismen, die einem erfolgreichen Trainingrande liegen, zu bekommen.
Die vorliegende Untersuchung hatte drei Ziele. Edlten sowohl die Effekte
verschiedener NF-Protokolle auf Wohlbefinden / &tmmg untersucht werden, als auch
die Effekte eines adaptiven NF-Trainings evaluigerden, sowie weitere Einsichten
Uber die neuronalen Wirkmechanismen der verschad&-Protokolle in Bezug auf
Aufmerksamkeitsprozesse und die Exzitabilitat destomschen Systems gewonnen

werden.

Methoden: ,Gesunde’ Erwachsena € 73) wurden randomisiert einer von vier
Gruppen zugeteilt, wobei Probanden eines der folgenTrainings absolvierten: ein
Theta-/Beta-NF-Training, ein Training langsamer tikater Potentiale (Engl. slow
cortical potentials, SCPs), ein adaptives NF-TregnfANF) oder ein Kontrolltraining.
Die NF-Trainings bestanden aus 10 Doppelsitzungeréa- und Postmessungen
umfassten sowohl Selbstbeurteilungs- als auch eafoccemalle zuséatzlich zu Ruhe-
EEG-Messungen, Ableitungen von ereignisbezogenertenRalen (EPs) und
Messungen mit transkranieller Magnetstimulation @M Selbstbeurteilungsmalie
bezogen sich auf die Bereiche Aufmerksamkeit, Welildlen / Stimmung und
Personlichkeitsmerkmale. Performancemalle erfasatbritsgedachtnis, motorische
Fahigkeiten und Aufmerksamkeitsleistung wéahrend détention Network Tests
(ANT). EPs, die wahrend des ANT aufgezeichnet wayaeurden im Hinblick auf die
kontingente negative Variation (Engl. contingentgaiéeve variation, CNV), die
Vorbereitungsprozesse widerspiegelt, als auch aef RB3-Amplituden (wahrend
Warnreiz- und Zielreizverarbeitung), die mit der ré&estellung von
Aufmerksamkeitsressourcen in Verbindung gebrachtdere untersucht. Die TMS-
Messung, die basierend auf dem Doppelpulsparadigétaend eines Ruhezustandes
durchgefuhrt wurde, erfasste intrakortikale Inhdnt(Engl. short-interval intracortical
inhibition, SICI) und Fazilitation (Engl. Intracactl facilitation, ICF). Dartber hinaus

wurde die Selbstregulationsfahigkeit, die wahreres d’heta-/Beta und des SCP-
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Trainings erlernt wurde, ausgewertet und mit Vedmd- und EP-Mal3en in
Zusammenhang gebracht.

Ergebnisse. Insgesamt wurden unabhéngig von der Gruppe Ps&-Po
Verbesserungen in den Bereichen Handlungsorienger8elbstzugang und tendenziell
fur Aufmerksamkeit beobachtet, wahrend der Tatergl@abnahm. Studienteilnehmer
zeigten schnellere und weniger variable Antwortémmend des ANT sowie verbesserte
Arbeitsgedachtnis- und Dartleistung. Ruhe-EEG-Megsa lie3en eine Zunahme der
Theta- und Alphaaktivitdt und eine Tendenz fir eidienahme der Betaaktivitat
erkennen. Es ergaben sich keine allgemeinen EffauteEP-Mal3e (P3-Amplituden
wéahrend Warn- und Zielreizverarbeitung und CNV-Aityglen) wahrend des ANT.
TMS-Mal3e zeigten eine Tendenz fur eine Abnahmentiekortikalen Inhibition.

Bezuglich spezifischer Ergebnisse fir die NF-Proliekergab sich, vor allem
basierend auf Effektstarkenmalien, das folgendebBigmmuster. Wahrend fur die NF-
Gruppen nur ein sehr geringer Vorteil fur die Selschatzung der Aufmerksamkeit
beobachtet wurde, zeigten sich etwas positiverekidffir Wohlbefinden / Stimmung
und erlebten Stress, die in der SCP- und ANF-Grugipas groRer ausfielen. Theta-
/Beta-Training stand im Zusammenhang mit schnellé&etworten im ANT. EPs, die
wéahrend des ANT erhoben wurden, zeigten hohere @NWlituden nach den NF-
Trainings. Die Selbstregulationsanalysen ergabeeneisehr kleinen Hinweis dafr,
dass hohere CNV-Amplituden mit einer erfolgreich&egulation wahrend der
Negativierungsdurchgange im SCP-Training und ngedte P3-Amplituden (nach
Zielreizen) mit einer erfolgreichen Theta-/Beta-Ragion verbunden sind. Nach dem
adaptiven Training wurde eine Zunahme der AlphahAtiét (Pz) beobachtet und nach
dem Theta-/Beta-Training eine Zunahme von SICI i@Gfe

Diskussion: Fur die NF-Protokolle zeigten sich einige Effeltd Wohlbefinden /
Stimmung, aber die Effekte waren kleiner als eretarbesonders in Bezug auf die
Aufmerksamkeit. Alle drei NF-Protokolle waren mit iner verbesserten
Ressourcenaktivierung (angezeigt durch erhohte @NWlituden) wahrend der
kognitiven  Vorbereitung verbunden, die moglicheseei speziell durch
Regulationsfahigkeit wahrend den Negativierungdugéiogen begunstigt wurde. Der
Zusammenhang zwischen einer Reduzierung der P3iAmeh (wahrend
Zielreizverarbeitung) und erfolgreicher Theta-/BB&gulation konnte darauf

hindeuten, dass weniger Aufmerksamkeitsressourd@n die Verarbeitung des
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Zielreizes bendtigt wurden. Veranderungen der Bkiitat des motorischen Systems in
der Theta-/Beta-Gruppe entsprachen den Ergebnissieer Einmalgabe von
Methylphenidat bei gesunden Erwachsenen. Die Eigebndie fur die ANF-Gruppe
erzielt wurden, waren vergleichbar mit den andédérGruppen, obwohl der erwartete
Vorteil bezlglich Wohlbefinden / Stimmung nur sehinimal sichtbar wurde. Effekte
des Entspannungstrainings in der ANF-Gruppe koénnsggh in der erhdhten
Alphaaktivitdt widergespiegelt haben, die in der ASruppe im Ruhezustand
beobachtet wurde. Zukunftige Studien, die groRdreh@oben umfassen, sind notig
um spezifische Effekte von bestimmten NF-Protokokewie ihre Auswirkungen auf

Wohlbefinden / Stimmung weiter bestimmen zu kdnnen.
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1 Introduction and theoretical background

Since its invention in the 1960s, electroencephalog (EEG) biofeedback
training, also known as neurofeedback (NF), hastecincreasingly popular. During
NF, individuals learn to acquire self-regulationillsk of particular brain activity
patterns. To date, NF is being applied in bothicdihas well as peak performance
domains. Regarding the clinical field, NF in bothildren with attention
deficit/hyperactivity disorder and patients withilepsy are the two applications for
which treatment outcome has been most intensivatyied (Heinrich, Gevensleben, &
Strehl, 2007). With respect to peak performancenitrg in healthy adults, the
applications of NF training range from cognitiveauistic performance and creativity.
But despite the ever growing diversity of NF apafions, mechanisms mediating a
successful NF training are still not fully undesto A better understanding of these
mechanisms may allow for the improvement of NFniraj protocols and thereby for
increasing the effectiveness of treatment outcdmehis respect, the better designed
NF studies which have been emerging, especiallyecent years, are taking an

important step in this direction.

The first chapter (1.1 Relation of brain activitydamental states / behavior), sets
out to establish the methodological basis on wiNéhtraining is grounded, by briefly
outlining the relation between brain activity anéntal states / behavior. In addition,
neurophysiological methods are introduced whicly plaelevant role in the evaluation
of the effects of NF. In the next chapter (1.2 Ndéeedback training: definition,
rationales, protocols), besides providing sometaudil information on the purpose of
NF training, the rationales underlying its applicatand different types of NF protocols
will be outlined. In a third chapter (1.3 Neurofbadk: applications and scientific
evidence), an overview of NF studies in both theichl and peak performance field
will be provided. Moreover, an overview of studiefich have analyzed neuronal
mechanisms related to particular NF protocols bellprovided in the following chapter
(1.4 Neuronal mechanisms underlying neurofeedbantk the specificity of training
effects), focusing on findings in children with ADHand the peak performance field.
Moreover, in this context, the importance of a cointraining to gain insights into the
specificity of NF training protocols will also bésdussed.
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1.1 Relation of brain activity and mental states / behavior

1.1.1 Electroencephalogram (EEG) and mental states  / behavior

The EEG was invented in the late 1920s by Hans deng order to non-
invasively measure electrical activity of the ceelzortex. EEG activity was observed
to differ during different mental states. While lawltage fast electrical activity is
characteristic for alert wakefulness, deep sleepharacterized by high-voltage slow
activity (Saper, 2000).

EEG activity is composed of different rhythms whidn be described by means
of the following frequency bands (among others)tade€5-4 Hz), theta (4-7 Hz), alpha
(8-13 Hz), and beta (13-30 Hz). Pronounced activitgach of these frequency bands
has a functional correlate. Theta and delta wavesilaminant during drowsiness and
early slow-wave sleep while slow delta waves (.5RHominate during stage-3 sleep.
A state of relaxed wakefulness is related to preminalpha activity while during
mental activity, beta waves are more pronouncedexample of EEG changes related
to a change in mental state is the following: wtenelaxed person is alerted, a
reduction in alpha activity together with an in@ean beta activity can be observed
(Rechtschaffen & Siegel, 2000; Westbrook, 2000).

Furthermore, regarding the theta/beta ratio, inest ton sustained attention
performed in healthy adults, a correlation betwinentheta/beta ratio and the number of
correct responses as well as between the thetaréitbaand reaction time has been
observed (Wiegand & Keller, 2009). The authors tué tstudy concluded that the
theta/beta ratio appeared to be a good indicatoattgintion in healthy subjects. In
addition, the theta/beta ratio was observed toersely related to mental effort during

a go/no-go and cued target detection task (Howstkin, & Russell, 2010).

Two further functional correlates of specific EEGidty are to be mentioned
here. Slow cortical potentials (SCPs) — negativpasitive polarizations of the EEG (<
1 Hz) — can be functionally related to a threshadulation mechanism of cortical
networks as well as preparatory activity of theteor(Birbaumer, 1999; Strehl, Leins,
& Heinrich, 2011). Sterman discovered that the sgmtor rhythm (SMR, 12-15 Hz)
is suppressed by motor activity and that the preseri this rhythm is a marker for

motor inhibition (for a review see Sterman, 2010).
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Based on such associations between particular Effi@ty patterns and specific
states, the rationale underlying NF training wasl@dshed (Vernon, 2005; see also

1.2.2 Rationales for neurofeedback).

1.1.2 Event-related potentials (ERPs) and mental st ates / behavior

ERPs can be extracted from the ongoing EEG by kaysaging. ERPs represent
changes in the EEG that are time-locked and pladed to a specific event and thus
are related to processes such as perception, mopgag well as motor function. These
ERP components can be divided into early componemtéich mainly reflect the
processing of the physical properties of the ceoading stimulus, and late
components, which are more related to cognitivanudtis processing stages
(Banaschewski & Brandeis, 2007).

Exemplarily, two late ERP components and their fimmal significance will be
mentioned here. One established component is thenB&sured after target processing
which is thought to reflect attentional resourdedation, stimulus evaluation as well as
context updating processes of the working memomné8chewski & Brandeis, 2007;
Polich, 2007). A further component is the contirtgaegative variation (CNV), a
negative polarization of a slow cortical potentacurring between a warning and a
target stimulus which reflects attentional processelated to anticipation and
preparation (Birbaumer, 1999; Birbaumer, Elbert,n&@an, & Rockstroh, 1990;
Wangler et al.,, 2011). A higher CNV is related &mluced excitation thresholds and
reflects the tuning of attentional processes aseggpation for efficient performance;
inattentive behavior might then be related to thefictent regulation of cortical
excitability (Rockstroh, Elbert, Lutzenberger, &Baumer, 1990).

ERP measures are applied to unveil covert proogssethanisms (Banaschewski
& Brandeis, 2007), e.g. P3 amplitude as an indrcataesource allocation, that cannot
be grasped by overt performance measures. ERRsg faifther insights into the mental
state of a person during the performance of taskslving perception, cognition and/or

motor responses.

1.1.3 Transcranial magnetic stimulation (TMS) and m  ental states /

behavior

TMS allows investigating the excitatory mechanisshshe motor system which

are based on a complex interaction of excitatony iahibitory processes (Reis et al.,
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2008). One established TMS measure is the doubseparadigm (Kujirai et al., 1993)
where two TMS stimuli are applied consecutivelythwihe first one below and the
second one above motor threshold (for an overviees Wahl & Ziemann, 2007).
Depending on the inter-stimulus interval, the mawoked potential (MEP) amplitude
measured at the target muscle is either reduc@ttmrased compared to a single pulse
reflecting short-interval intracortical inhibitiodSICI) and intracortical facilitation
(ICF), respectively. Thus, these MEP amplitude measents allow drawing
conclusions about the degree of inhibitory and texaiy processes in the motor cortex
(Moll, Heinrich, & Rothenberger, 2002).

For example, in children with attention-deficit leypctivity disorder (ADHD), a
decreased SICI was observed compared to typicaNeldping children (Moll et al.,
2002). This decrease probably reflects “a neuradplogical correlate of motor
hyperactivity and an inhibitory deficit in theseildren” (Kratz et al., 2009, p. 2). In
addition, stimulant medication (methylphenidatehe most effective treatment in
children with ADHD (Banaschewski & RothenbergerQ2p— was reported to increase
SICI in these children and was accompanied by adinimprovements of motor
hyperactivity (Moll et al., 2002).

These findings exemplify the possible relation kestw the excitability of the

motor system as measured by the TMS double-pulseljgean and behavior.
1.2 Neurofeedback training: definition, rationales, protocols

1.2.1 What is neurofeedback?
Neurofeedback is also known as EEG-biofeedback.idé®& behind biofeedback

is to receive real-time feedback about one’s owdybiminctions that normally are not
perceived consciously, e.g. heart rate or skin gratpre. These body functions are
recorded with appropriate sensors and translatéal real-time visual or acoustic
feedback signals. The aim is to learn to modulbeseé body functions in a desired
direction, for example to increase one’s skin terapge in order to change one’s own
state and become more relaxed (Nestoriuc, Rief, &ddr, 2011). For a more
comprehensive introduction to biofeedback, pleagerito Rief and Birbaumer (2011).

In the case of NF, the body function measured @&nbelectrical activity. EEG
electrodes that are attached to the scalp are asensors. In other words, NF is a

neurobehavioral training which aims at acquirini-sentrol over certain brain activity
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patters related to a specific state of mind. Sedfutation ability is learned on the one
hand by receiving continuous feedback from modaifetiof this brain activity pattern
and on the other hand by a positive reinforcemdntmodulations in the desired
direction. In order to generate a motivating sgttiNF training is often realized as a
kind of computer game (see Figure 1). Positivefoeaement can therefore be realized
in various ways: collecting points in a game, amation that moves on, a DVD movie
becoming clearly visible. Furthermore, as NF isearnbehavioral training which is
often applied in clinical contexts, it can be emded in multi-modal treatment

programs including e.g. behavior therapy. In additiand also for its application in

Figure 1. Neurofeedback training setting.

On the right hand side the participant is depicted with electrodes hooked up and connected to the EEG
amplifier. In the presented animation, feedback of the EEG parameter to be trained is provided by the time
course and color of a ball which is moving from left to right as well as by a puzzle game. On the left hand
side the trainer monitors the time course of the EEG signals and controls for artifacts.

non-therapeutic contexts, the trainer-trainee auon is an important factor

influencing motivation and learning (Rief & Birbaem 2011).

Moreover, in some NF settings, individual cognitsteategies may be developed
to support the acquisition of self-regulation alas (Strehl et al., 2011). Finally, the
goal is to be able to transfer these self-regutatibilities to daily life situations (in
which no feedback of brain electrical activity iowided). To support this transfer to
daily life situations, some NF protocols providecatied “transfer trials” in which self-
regulation is trained without receiving continudiegdback on one’s brain electrical

activity. Also, practicing transfer to daily lifétgations within a training session can be
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helpful. All in all, the successful application eélf-regulation abilities in daily life

situations requires continuous practice in exdtibse situations.

Besides NF based on EEG signals, newer approadbhescamprise real-time
magnetoencephalography (Mellinger et al., 2007)wa as the blood-flow based
measures of real-time functional magnetic resonantaging (rtfMRI) and near-
infrared-spectroscopy (NIRS)-based neurofeedbamkitiy. As these approaches are a
topic of their own, they will not be outlined fughin the thesis at hand and the reader is
referred to review articles (e.g. Birbaumer, Muedday, Weber, & Montoya, 2009;
Caria, Sitaram, & Birbaumer, 2011; Sitaram, Casi&irbaumer, 2009).

1.2.2 Rationales for neurofeedback

Neurofeedback trainings can be applied based oratlumale of targeting deviant
brain activity or based on the rationale of peakggmance training. These different

rationales will be described in the following.

1.2.2.1 Rationale: Targeting of deviant brain activ ity

One rationale is to apply NF in order to targetidet/brain activity patterns. Such
deviations can be observed in statistical analgsisiparing the EEG and/or ERP
parameters of a specific patient group to a congroup. Based on such findings,
specific NF training protocols were developed ainadtraining this deviant brain
activity in a desired direction. This kind of traig is related to the assumption that the
symptomatology of a patient will thereby be imprdve

In order to make this rationale clearer, NF in dfgh with attention
deficit/hyperactivity disorder will be provided as example. ADHD can be described
as a symptomatology of inattention, impulsivenessl dyperactivity which is
developmentally inappropriate (Biederman & FaraoB805). Among others, the
comparison of resting EEG activity of children wDHD and typically developing
children has revealed increased theta activity el ag reduced alpha and beta activity
in children with ADHD (for a review, see Barry, @fa, & Johnstone, 2003; for a brief
summary, see Gevensleben, Holl, Albrecht, Vogelalet 2009). E.g. theta/beta NF
training is applied as a neurofeeback protocolhideen with ADHD with the aim of
targeting this deviant EEG activity and thereby iiaying the ADHD symptomatology.
However, these deviations in EEG activity in ADHDutd not be replicated by the

working group around Professor Brandeis in Zuridedhti, Drechsler, et al., 2010). In
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addition, Lansbergen and colleagues (Lansbergems,Avan Dongen-Boomsma,
Spronk, & Buitelaar, 2011) pointed out that grougffedences in theta/beta ratio
observed in children with ADHD vs. controls no lengemained significant when
analysis was based on individualized frequency bafthus, so far findings remain
contradictory (Gevensleben, Holl, Albrecht, Voget, al., 2009) which may also be
related to different assessment as well as anatysibods used. Nevertheless, due to
the peak performance concept as the other ratidnattend NF, the application of
theta/beta training in ADHD is still reasonableg4e2.2.2 Rationale: Peak performance

training).

Another approach revolving around deviations in BEEG is to compare the
specific EEG parameters of a person to an EEG noendatabase and train these
parameters towards normal (Lansbergen, van DongemBma, Buitelaar, & Slaats-
Willemse, 2011), a method which is currently alsofprmed as a z-scores training (e.qg.
Hammer, Colbert, Brown, & llioi, 2011). However,ede databases are controversial,
and NF based on these databases is a topic ofvitsand hence beyond the scope of
this thesis.

1.2.2.2 Rationale: Peak performance training

The other rationale behind NF is independent of dewiations in the EEG or
rather any neurophysiological dysfunction. It isséd on the concept of peak
performance training which has as a goal the erdmant of a specific cognitive or
attentional state in order to improve performamca certain situation. Based on this NF
rationale, e.g. theta/beta training in ADHD aimsmaproving self-regulation abilities
related to achieving and maintaining a state ofased attention and applying it to
relevant real life situations. l.e. the applicatafrtheta/beta training in ADHD is seen as
useful irrespective of any possible underlying d#@ons in the EEG. Learning to
increase beta and decrease theta activity is celateattaining a state of sustained
attention which is a useful ability to learn forildren with ADHD that have difficulties
in staying focused. This rationale of peak perfarogatraining, i.e. learning to enhance
a desired mental state, is also the basis for &lRig in adults as applied in the present
thesis.
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1.2.3 Neurofeedback protocols

Neurofeedback protocols were developed to addressrophysiological
dysfunction observed in certain patient groups. (AQHD) as well as to train specific
states of mind based on the concept of peak pesiocen training (e.g. relaxation,
attention). For this reason, NF protocols differ the electrode positions used to
measure brain electrical activity as well as in tBEG pattern used as feedback

parameter.

Principally, two basic kinds of NF protocol typeancbe distinguished: the so-
called frequency band training in which a decreasencrease in the amplitudes of a
specific frequency band of the EEG is trained, @dnadso-called training of slow cortical
potentials which is related to the level of exdiityoof the underlying cortical areas
(Birbaumer, 1999; Heinrich et al., 2007).

In addition, an adaptive NF protocol will be debed in a separate section below
— although strictly speaking, this protocol alsdobgs to the category of frequency

band training — as it differs from the above ddsamti protocols in various ways.

1.2.3.1 Frequency band training with a focus on the  ta/beta training

The principle of NF was observed by Sterman, Wykaiand Roth (1969, as
cited in Sterman & Egner, 2006) who used an opecantitioning paradigm to train
the sensorimotor rhythm (SMR, 12-14Hz) in catsha tontext of sleep research. This
study demonstrated that the self-regulation ofsdirdit EEG frequency band could be
learned, and training to increase SMR became tis INF protocol. Furthermore,
Sterman and colleagues observed that SMR traimogeased the epileptic seizure
threshold in these trained cats compared to nonelaones and thereby demonstrated
that the self-regulation of a specific frequencyndaf the EEG had an impact on
behavior. Further studies demonstrated that balséif-regulation ability of the SMR
and its impact on decreasing epileptic seizuredemte could also be observed in

humans (for a review see Sterman & Egner, 2006).

Subsequently, a variety of frequency band-basedtidifning protocols were
developed (e.g. alpha/theta training, theta/bedmitrg) targeting different states of
mind (e.g. relaxation, sustained attention). Théfedin the frequency bands trained

(e.g. alpha/theta, theta/beta) as well as in thetlde positions at which brain activity
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is recorded (e.g. Pz for alpha/theta training, @zlieta/beta training, with one mastoid

as reference).

For example, theta/beta training addresses the tegulation of cortical arousal
and aims at training a state of sustained attemiavhich the subject remains alert and
focused for a certain period of time. This can lokieved by subjects learning to
decrease their theta (4-8 Hz) activity and at #raestime increase their beta (13-20 Hz)
activity (Gevensleben, Holl, Albrecht, Vogel, et, @009).

1.2.3.2 Training of slow cortical potentials (SCP t  raining)

Slow cortical potentials originate in the apicahdstic layers of the neocortex
and last from several hundred milliseconds to sdwe¥conds (Birbaumer et al., 1990;
Heinrich et al., 2007). SCPs reflect levels of icaift excitability and are recorded as
surface-positive and surface-negative potentialssitRe potentials are related to
reduced excitability of underlying cortical netwer&nd thereby involved in behavioral
inhibition. In contrast, negative potentials copasd to excitation of these networks

and are related among others to cognitive and bhetshpreparatory processes.

SCP neurofeedback training addresses the phasiolateg of cortical
excitability. During SCP training both negativity¢reased surface-negative potentials)
and positivity (increased surface-positive potdstifrials are trained. The aim is to gain
self-control over these SCPs recorded over senstoimgortex at electrode position Cz
(mostly relative to a mastoid reference) and tadfar these self-regulation abilities to
relevant daily life situations. Studies have shothiat the self-regulation of these
potentials can be learned (Rockstroh et al., 1990).

As SCP training aims at learning the self-regulatad cortical excitability, its
application might be conceivable in patients wituropsychiatric disorders related to
deficits in cortical self-regulation. One of thesfi applications of this protocol was in
patients with epilepsy, with the aim of increasithg seizure threshold by means of
training positive potential shifts that are relatéd lower cortical excitability
(Kotchoubey et al., 1999; Rockstroh et al., 1993).

SCP neurofeedback training has also become an famoprotocol in the
treatment of ADHD (see 1.3.1.2. Clinical studie$ N children with ADHD). ADHD
is characterized by reduced self-regulation abgitivhich are thought to be related to

suboptimal energetic state regulation (Sergear?02@005) as well as to deficits in
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behavioral inhibition (Barkley, 1997). These defidn turn are assumed to be linked to
deficits in attentional abilities as well as to dpmentally inappropriate levels of
hyperactivity and impulsivity observed in childremth ADHD. SCP training in
children with ADHD aims at increasing their selfjudation abilities (Heinrich,
Gevensleben, Freisleder, Moll, & Rothenberger, 2603tkstroh et al., 1993).

1.2.3.3 Adaptive neurofeedback training

The adaptive NF trainirigin fact belongs to the category of frequency band
training (see 1.2.3.1 Frequency band training witbcus on theta/beta training), as also
in this training protocol, feedback is given basedspecific frequency bands. One main
characteristic of the adaptive NF training is ttratning is based on bipolar electrode
placements — which is also the case with some éegyuband training protocols — with
the aim of increasing inter- or intra-hemisphenftfetence within a reward frequency
band, thereby mainly targeting phase differehc&se main difference to “classical”
frequency band training protocols is that insteattaning a fixed frequency band, the
frequency band trained is tailored to the client tbe basis of symptom response
(Othmer & Othmer, 2009). Furthermore, the trainisgnot based on predefined
electrode positions from which the feedback sigealerived, but rather, training sites
are chosen and changed in the course of the tgalraeed on the symptomatology to be

targeted.

This kind of adaptive NF training was developedSiggfried and Susan Othmer
(Othmer & Othmer, 2007; Patrick & Friel, 2007), witnnded the EEG Institute where
they provide clinical NF training. Their type of Niaining is applied more and more in
psychological practices all over the world as atireent for a wide range of psychiatric,
neurologic and psychosomatic disorders, and isvieceappreciation within the field
of clinical NF practitioners. However, scientifigalthis type of NF protocol is not well
established (see 1.3.1.3 Clinical studies: adapteweofeedback training).

Othmer and Othmer’'s rationale for applying NF intigrats with various

psychopathologies is based on viewing these diserde failures of brain internal

! Adaptive neurofeedback training is the name choseafer to this type of training protocol.

2“In EEG training with a bipolar montage, the neward signal is a strong function of the relative
phase.” Othmer, S., Neuromodulation TechnologigsAftempt at Classification (p. 10).
Retrieved August 5, 2011, from
http://www.eeginfo.com/research/researchpapersieoadulation_Technologies.pdf
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communication based on a model of thalamocortigattd/thmias (McCormick, 1999).
Based on such a disregulation model, failures tffregulatory mechanisms of the
brain are seen as either setpoint errors or irgtabi (Othmer, Othmer, & Kaiser,
1999a; Othmer, Othmer, & Othmer, 1998). NF apptmatbe self-regulatory abilities of
the brain — which is viewed as a self-organizinglimear dynamical system — in the
continuum between activation and relaxation ofrdgulatory networks of the brain. By
this means, NF targets arousal mechanisms, attahtretworks and further cognitive
functions as well as the regulation of mood andsietty/reactivity to the sensory
world (Othmer, Othmer, & Kaiser, 1999b). These @feare achieved via operant
conditioning (Othmer, 2001) by rewarding the briinchanges in the direction of the
improved performance. In this kind of NF trainimg cognitive strategies are involved,
as training aims at changing the brain state tosvarhore stable and desirable state and
relies on the self-regulatory abilities of the brao maintain this state in daily life
situations. The main idea behind this trainingoi@pproach these disregulations by re-
establishing self-regulation (Othmer, 2001) whistachieved through an individualized

and adaptive NF training as described above.

1.2.3.4 Control of artifacts

For the technical realization of all NF protocotee control of artifacts that
superpose EEG measurements is of vital importadee(ich et al., 2007). The main
sources of artifacts are eye and head movememtglaas muscular activity, especially
of facial muscles. To ensure that brain and notaheusctivity is trained, artifacts have
to be recognized and ideally corrected online.

For this purpose, some NF protocols use two additielectrodes placed above
and below one eye for the recording of eye moveméglectrooculogram: EOG) as
well as for the online correction of eye movemerntifacts. Further artifacts are
registered by means of preset artifact threshafdie signals recorded exceed this
threshold, continuous feedback is interrupted farament to prevent the subjects from

using muscle activity to mimic self-regulation aiels.

In addition, implementing NF with a two-screen isgftis recommended to allow
the trainer to monitor the time course of the ERghals (and EOG signals if recorded)
and provide feedback to the subject if artifactsundhat are not detected by the NF
software. SCP training is especially susceptibledifacts (Birbaumer et al., 1990;

Heinrich et al., 2007), as a very low high pasgefil< 0.01 Hz) is required for
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recording, which also allows artifacts that espéciffect this low frequency range to
be recorded. Good NF equipment as well as good lkeume about artifacts are a

prerequisite for realizing a high quality NF traigi

1.3 Neurofeedback: applications and scientific evid ence

At present, NF is applied both in a variety of dal fields and for peak

performance training in healthy subjects.
1.3.1 Clinical studies of neurofeedback

1.3.1.1 Clinical studies: an overview

Epilepsy and ADHD (in children) are the two clinliegplications of NF that are
scientifically best established. For both disordeeatment outcome has been examined
in a variety of studies which have shown positifieas of different NF protocols
(ADHD in children: e.g. Drechsler et al., 2007; @asleben, Holl, Albrecht, Vogel, et
al., 2009; Leins et al., 2007; Monastra, Monas&aseorge, 2002; Strehl, Leins, &
Heinrich, 2011; epilepsy: e.g. Strehl, Kotchoub&yBirbaumer, 2011; Tan et al.,
2009).

Different NF protocols have also been applied imadety of other psychiatric,
psychosomatic or neurological disorders (for a cahensive list of studies please refer
to Hammond's Comprehensive Neurofeedback Biblidgraplike for example:
insomnia (e.g. Cortoos, De Valck, Arns, BretelerC&uydts, 2010), depression (e.g.
Choi et al., 2011), learning disabilities, anxidignitus (e.g. Crocetti, Forti, & Del Bo,
2011; Dohrmann, Weisz, Schlee, Hartmann, & EIb2007), alcohol or drug abuse,
schizophrenia, obsessive-compulsive disorder, ttisesyndrome, autism (for a review
see Holtmann et al., 2011). However, for most eSéhapplications, only few and partly

also methodologically limited studies have examieffdcts of NF.

1.3.1.2 Clinical studies: NF in children with ADHD

As the present thesis is strongly motivated bydpplication of NF in children
with ADHD, an overview over studies will be giventkva focus on those studies
employing the same or similar NF protocols as thagglied in the thesis (theta/beta
training and SCP training). Reasons for researcNim ADHD are the following (see
Gevensleben, Holl, Albrecht, Vogel, et al., 2009sN, 2000). With a prevalence of

about 5% (Polanczyk, de Lima, Horta, Biederman, gh&e, 2007; for an overview see
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Steinhausen, 2009), ADHD is one of the most fregpsegchiatric disorders in children
and adolescents. Up to now, medication is the ntostmon and most effective

treatment (Banaschewski & Rothenberger, 2009). Hewedue to side-effects, non-
responders, and parents disapproving of medicreatrhents for their children, this is
not always the best treatment option. Moreoverresponders as well as for other
treatments like behavior therapy, improvements @¢agd further and beyond the core
ADHD symptomatology in addition to targeting lorggh effects. Neurofeedback
studies aim at filling this gap by providing a pdially additional module to a multi-

model treatment for ADHD as recommended by the pegio guidelines.

Based on the two rationales for NF (see 1.2.2 Ralés for neurofeedback), a
variety of NF studies have been conducted in thkl fof ADHD. A comprehensive
review of research on NF including NF in childrethnADHD (until 2007) is provided
by Heinrich et al. (2007). Recently, a German revagticle was published (Drechsler,
2011), outlining the current state of researchteeldo the question of how efficacious

NF is as a treatment for children with ADHD.

As outlined by Heinrich et al. (2007), the applioat of NF in children with
ADHD is not a new idea. The first study reporting @ frequency-band NF training in
children with ADHD was published in 1976 by LubadaShouse. Since then, a variety
of studies have provided evidence for positiveaf®f frequency band as well as SCP
NF training in children with ADHD regarding clinicaymptomatology as well as
cognitive performance (Drechsler et al., 2007; BucBirbaumer, Lutzenberger,
Gruzelier, & Kaiser, 2003; Heinrich et al., 2004pivastra et al., 2002; Strehl et al.,
2006). However, some methodological limitations éato be considered when
interpreting the reported effects: e.g. mostly $reample sizes; missing control group
or control group that does not control for unsgedifaining effects (waiting list control
group, medication); no randomized group assignnrant:up of multiple interventions
which does not allow to disentangle effects of N effects of other interventions; no
evaluation of long-term effects; and no comprehensianalysis of the

neurophysiological effects underlying NF.

In more recent years, several studies have addretbmse limitations more
comprehensively than previous ones (e.g. DoehBeandeis, Straub, Steinhausen, &
Drechsler, 2008; Drechsler et al., 2007; Gevensieblll, et al., 2010; Gevensleben,
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Holl, Albrecht, Schlamp, et al., 2009; Gevensleldal|, Albrecht, Vogel, et al., 2009;
Gevensleben, Moll, & Heinrich, 2010; Wangler et a011).

A meta-analysis on the efficacy of NF in childrenth’AADHD was conducted by
Arns and colleagues (Arns, de Ridder, Strehl, Beet& Coenen, 2009). The authors
concluded that NF training was efficacious and sjgeand reported large effect sizes
for inattention and impulsivity and medium effectes for hyperactivity. However, as
noted by Gevensleben and colleagues (Gevenslebah,d¥ al., 2010), this promising
conclusion has to be considered with some cardaloeethodological limitations of the
studies included in the meta-analysis, as mentiabede.

Further studies targeting improved methodologicadigh are still ongoing. For
example, the working group around Professor BranoteZurich is studying effects of
surface theta/beta and SCP training, low resoluti@in electromagnetic tomography
(LORETA) based NF training, and electromyogram (EMstofeedback training in
children with ADHD (Drechsler, 2009; Liechti, Mamio, et al., 2010). In Germany, a
large multi-center study (Holtmann, 2009) aimingiratluding about 150 patients is
comparing SCP training to EMG biofeedback trainingchildren with ADHD in
combination with analyzing medication washout ahd stability of effects at six

months follow-up.

Drechsler (2011) concluded in her review of theliappon of NF training in
children with ADHD*: Neurofeedback training is effective in the treaminof clinical
symptoms of ADHD and can result in specific changesome participants. However,
if and to which degree learned cortical regulatioausally influences clinical

improvements remains to be shown by future studies.

The findings of a selection of these studies onilNEhildren with ADHD that
have analyzed regulation skills or neurophysiolabmarameters related to NF training
will be described in more detail in chapter 1.4ANleronal mechanisms underlying
neurofeedback in ADHD).

1.3.1.3 Clinical studies: adaptive neurofeedback tr  aining

Since another focus of the present thesis is ttyamdhe effects of adaptive NF

training, an overview of studies applying this ghgan in various clinical contexts will

% The following two sentences are citations fromdbser (2011) which | translated as accurately as
possible from German into English.
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be provided. The adaptive NF training has been Idped by Siegfried and Susan

Othmer and has been applied by them in a varietjimtal fields.

When Othmer and Othmer started out with NF, theylieg ‘classical’ frequency
band training protocols, like SMR and beta trainifigeir application of NF focused on
the field of attention, learning and behavioral lpemns in children. Over the years,
Othmer and Othmer moved towards more individualiki#d protocols and extended

their application of NF to a variety of clinicaéfds.

Lubar (1991) observed that in hyperkinetic childi®MR training (with theta
inhibition) led to a reduction of hyperactive sympis, while beta training (with theta
inhibition) was able to reduce inattention. Thisetvation of distinct effects of training
specific frequency bands formed a basis for theeldgment of more individualized NF

protocols.

Othmer and Othmer also applied SMR (12-15 Hz) agiad I§15-18 Hz) training
and individualized the training protocol by charggthe training site to C3, Cz, or C4
based on the symptomatology. The idea of combi8MR and beta enhancement
training with inhibit bands was adopted from Lul§a991). Othmer and Othmer first
used protocols in which they inhibited excessivepl#todes in the 4-7 Hz and 22-30
Hz, which they later expanded to include two widebanhibits ranging across the

whole EEG spectrum (while in more recent years iplelinhibits are used instead).

The above described protocol was applied in 15dodrl with attentional deficits
and learning disabilities, and significant improwits in cognitive skills, academic
performance, and behavior were reported in comioinatvith improvements in 1Q
(Othmer, Othmer, & Marks, 1992). An analysis of thaical application of 20 sessions
of the described protocol in patients with ADHD ahibHD-type symptomsn( = 239)
revealed improved inattention scores, impulsividgres as well as a reduced variability
of response time as measured by the TOVA, theofegtriables of attention (Othmer,
Kaiser, & Othmer, 1995).

The efficacy of NF training in ADHD is in their werelated to the remediation of
the disregulation of arousal manifested variousty inattention or behavioral
disinhibition (Othmer et al., 1995). In a largeinaal sample of 1089 patients,
improvements in one or more of these measures obEerved in 85% of those patients
with moderate pre-training deficits, and it was daded that NF can effectively
improve attentional dysfunction (Kaiser & Othme®0R). However, the interpretation
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of these findings is limited due to methodologisflortcomings such as a missing

control group and the heterogeneity of the sample.

In the following years, the Othmers’ training prodts evolved (Othmer, 2005,
2007, 2008; Othmer, Othmer, & Putman, 2008; LegatdaMahon, Othmer, &
Othmer, 2011) towards bipolar training at varioiessand more and more individual
protocols, in which the reward frequency band wdapted throughout a training
session based on the unique experience of thenpatiened. These adaptive types of
training protocols with a wide range of optimal exd frequencies were applied
especially at T3-T4, Fpl-Fp2, F3-F4, C3-C4, andPB3n a wide variety of patients
(Putman, Othmer, Othmer, & Pollock, 2005). TOVAulés of 44 patients showed a
clear trend of improvement on the impulsivity, teation, and variability of responding
scales after NF training, indicating that this tygeraining protocol had positive effects

on attentional regulation.

Othmer, Othmer, and Putman (2005) compared theaeffi of their earlier
training protocols in which they used lateralizealrting optimized to each hemisphere
to their newer approach of bipolar inter-nemisphémining on homologous sites $
100). The main bipolar training sites comprisedTE3-Fp1-Fp2, and P3-P4. Based on
the clinical response, the reward band was adjustédidually and broad band inhibits
were used. Success rates in achieving a normalzafi TOVA scores had improved
for the new types of training protocols even thopglients with more severe deficits
like autism were treated with the newer protocblewever, this conclusion has to be
considered with some care, as TOVA measures mightsénsible for evaluating
improvements in children with ADHD (which was theaim patient group for NF
applications with earlier training protocols), asdattentional problems were the focus
of the treatment. For the patient group with a devespectrum of deficits for which the
newer protocols were used, improvements in TOVArezanight also be related to
practice effects while not displaying the effectiges of the training related to the core

symptomatology.

The adaptive NF training has been applied to adraage of neurologic and
psychiatric conditions while only few and merelyseastudies reported on the training

effects, which will be described below.

The adaptive NF training was applied in a caseystoyl Jacobs (2005) who
treated two boys with learning, attention, mood;ialo and developmental deficits. The
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training was conducted for six months in semi-wg&-minute training sessions and
comprised individualized protocols that were addptedividually based on the

symptomatology. Bipolar training sites for one otlbboys included among others T3-
T4, Fpl-Fp2, C3-C4, and P3-P4 (sites that weretalgeted by the adaptive training in
the present thesis). Bipolar temporal lobe trainias used with the aim of improving
emotional stability; prefrontal lobe training wascluded to improve inhibition and

executive functions; and parietal training was iempénted for physical calming and
sleep regulation. According to a parent rating esaah which target problems were
monitored over the course of the trainings, eachithproved in all tracked symptoms.
Improvements in e.g. control of emotions and bebravsocial interactions, and

performance at school were observed.

There are two reports on the application of adaphiV training in treating pain.
In a case study by Sime (2004), a patient withetrighal neuralgia experiencing
episodes of extreme facial pain received 29 sessabradaptive NF training within a
multimodal treatment setting. The author concluthed the T3-T4 placement seemed to
be most effective for tackling pain. After nine ntom of treatment, the patient
experienced a substantial reduction in pain and ads to avoided surgery of the

trigeminal nerve.

A study by Jensen and colleagues (Jensen et &I7) 20cluded 18 patients with
complex regional pain syndrome taking part in atmigiciplinary treatment. They rated
pain intensity before and after a single 30 mirsgssion of NF at T3-T4. A significant
reduction in pain was observed after NF, indicatihgt NF can induce short-term
reductions in patients’ experience of pain. In #ddi a single patient with multiple
sclerosis received several sessions of NF at T3PB4P4, and Cz-Fz and reported
prolonging times of pain reduction after NF sessiofith progressing treatment (Jensen
et al., 2006).

In a stroke patient participating in a multimod&atment, specific improvements
were reported to be related to specific adaptivetidiing sites, e.g. intrahemispheric
training on the sensorimotor strip on the righteswlas related to relaxing overtensed
body parts of the left side, and frontal/prefrortaining increased motivation (Klein,
2006). In addition, cognitive methods to anchoisthexperiences during training were
indicated to be important.
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These described reports sound promising, howevdraneof them allows for the
effects of adaptive NF training protocols to becdmmed. From a therapeutical
perspective, a multimodal treatment is desirablé. éspecially for single case reports,
multimodal treatments do not allow to draw conauasi on the effectiveness of the NF
treatment, as the other interventions and/or theematrainer interaction possibly
combined with therapeutic interventions might adl wecount for the positive effects

observed.

A further development in the Othmers’ training piails was that they moved
reward frequencies down to what they call “infratldrequencies” of below 1 Hz
(Othmer, 2011). However, from a technical perspegtiespecially the question of
whether an appropriate artifact control was impleteeé to guarantee good signal
guality remains to be discussed, which is why tessie will not be addressed further

here.

All in all, the above-described findings regardiadaptive NF training are not
very convincing from a scientific perspective. Sésdwith a control group in order to
control for unspecific training effects as well\agh larger samples of patients with a
specific type of psychiatric disorder are needeeMaluate the efficacy of this approach.
In addition, pure effects of adaptive NF trainingthout being embedded in a
multimodal treatment setting are needed to discany specific effects of this

intervention.

1.3.2 Peak performance studies of neurofeedback

So far, NF as peak performance training in headilylts has mainly been applied
for improving cognitive abilities as well as in tfield of arts. Only few studies have

reported on the effects of NF on mood / well-bedngn sports.

Vernon (2005) provides an overview of studies uril05, evaluating NF
protocols in peak performance applications as veasll some background on the
underlying rationales — associations of specificGaReasures with expert performance.
Vernon (2005) concluded his review stating thae“findings [...] are suggestive, a
clear connection between NF training and enhancedogmnance has yet to be
established” (p. 362).

A much less critical overview of NF applicationsg fiptimizing performance was

provided by Gruzelier, Egner and Vernon (2006) wkport mainly on their own
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research. The authors concluded that “with SMRabeand alpha/theta training
protocols, the principle strategy was accomplisbedevealing a possible causal link
between NF training and dependent measure chariGeszelier et al., 2006, p. 428).
The working group around Professor Gruzelier in dam has conducted a variety of
NF studies in healthy adults. Earlier studies aimednly at differentiating the effects
of different NF protocols on improving cognitiveildiies. Within the last years, the
focus of such studies has shifted more towards ewxagithe effects of NF on arts
performance, with a focus on alpha/theta trainiiog & review on alpha/theta NF, see
Gruzelier, 2009).

In addition, in the review on the clinical applicais of NF training by Heinrich et
al. (2007), a good overview of NF studies in tlediof peak performance training until
2007 is included. The authors conclude that despiall sample sizes, these peak
performance studies were able to show specifictffior distinct NF protocols at the

cognitive and neurophysiological level.

In the following, a comprehensive overview of NRudes addressing peak
performance training will be provided for the figldf cognitive abilities, arts, mood /

well-being, and sports.

1.3.2.1 Peak performance and cognitive abilities

In a study by Vernon et al. (2003), healthy induats o = 30) either participated
in eight sessions of a theta enhancement trainvigl€ inhibiting delta and alpha
activity), in eight sessions of an SMR enhancenteming (while inhibiting theta and
beta activity), or were part of a non-NF contrabgp. Only the SMR group learned the
desired neuroregulation and in addition showed awgd performance in a semantic
working memory task as well as to some extent iwguoaccuracy of focused
attentional processing in a continuous performdask. However, the latter result was
only revealed by planned comparisons and not bygaifcant TIME x GROUP
interaction and was also not observed in a morgcudlif version of the same task.
Vernon (2005) argued that for the interpretationth&fse results, it has to be taken into
account that the described changes in SMR activtse only observed during training
sessions but not across training sessions. Thegftte represent short-term changes of

SMR activity rather than permanent effects.
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Egner and Gruzelier (2004) compared the effectSMR neurofeedback (12-15
Hz), beta neurofeedback (15-18 Hz), and Alexaneehrtique training in students €
25) with respect to performance on tests of susthiattention as well as target P3
amplitudes in an oddball task. While no changesevwarserved in the control group,
protocol-specific effects were evident for the tbB groups. SMR training was related
to increased perceptual sensitivity, reduced omrssirors and reduced reaction time
variability in a sustained attention task which miag interpreted as an attention-
enhancing effect. Faster reaction times in a sustbattention task and increased target
P3 amplitudes in an oddball task were associateld beta training, which may be
linked to increased arousal. However, these fastaction times came along with a
slight but non-significant increase in commissiormoes and might therefore be
interpreted as a speed-accuracy trade-off (Ver20605). In addition, effects were not
as robust as suggested by the abstract of the:paperted group-specific performance
effects were in most cases not revealed by a régpegroup interaction factor of the
ANOVA and the described group-specific performapaterns were not observed in a

similar way in both sustained attention tasks, Whscnot mentioned in the abstract.

Ros et al. (2009) allocated 20 trainee microsurggoran SMR-theta or an alpha-
theta training group which both received eight 3@ute sessions of NF. A subset of
each group participated in a waiting-list controbup f = 8) beforehand. SMR-theta
training was significantly related to improved sug technique, reduced time on task
and decreased everyday anxiety, while these adyesmtaere not observed in the
control group. The decrease in surgical task tinzes \@ssociated with desired EEG
changes observed during SMR training. For the atpbta training group, only
marginal improvements in technique and overallgrentince time were observed while
successful theta-alpha ratio increases were peskiteorrelated with improvements in
overall technique. Ros et al. (2009) concluded these findings provide encouraging
evidence of optimized learning of complex surgiteaks via NF. However, limitations
in this study were the suboptimal design of thetmdmgroup, the small group sizes and
the missing significant interaction effects relatedraining group as well as the initial

preferential performance in the alpha-theta androbgroups.

In summary, these studies provided some evidencepfexific effects of beta and

especially of SMR training on cognitive performamcdealthy adults.
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Moreover, besides the studies performed by ProfeSsozelier and colleagues,
there are some other studies which have employéeretht NF protocols (theta/beta,
SMR, individual upper alpha power, gamma band rfeedback) and examined their

effects on cognitive performance.

Doppelmayr and Weber (2011) included a theta/libt&d: 4.5 — 7.5 Hz, beta: 17-
21 Hz,n = 14) and an SMR (12-15 Ha,= 13) neurofeedback trainifignd a control
group € = 14), which received a NF training based on cirandrequency bands, in
their study in healthy adults in order to examirffeas on reaction times, spatial
abilities and creativity. Only the SMR group leadrte modulate their EEG activity in
the trained frequency band. Also regarding readiimes and spatial rotation abilities,
improvements were only observed for the SMR contbdaoeboth other groups. No
effects of the NF training were observed on crégtior performance in further
attention-related tasks. Overall, the study haslempnted an interesting new control
training condition. Regarding the question as toy wheta/beta regulation was not
learned, the authors provided a long discussiombuertheless the question remained
to a certain extent unresolved. However, theirifigd regarding advantages for the

SMR group were in line with the results presentethe previous section.

In a study by Hanslmayr and colleagues (Hanslm&gayseng, Doppelmayr,
Schabus, & Klimesch, 2005) NF training consistedaofingle session of individual
upper alpha power training with the aim of incregsalpha power and a single session
of theta training aiming at decreasing theta po(mer 18, crossover design, balanced
order). Subjects who were better able to increlasie tpper alpha power showed larger
improvements in cognitive performance in a mentdhtion task. In contrast, theta
training neither had an effect on the EEG pattesnan task performance. However,
this study employing a single session of NF tragnper protocol was only able to

measure short-term effects directly after a trajrsassion.

A training of individual upper alpha frequency ind sessions was examined in
another study (Zoefel, Huster, & Herrmann, 2011pg@itive control in a mental
rotation task was observed to be enhanced andiassbaevith increased upper alpha

amplitude, which was only observed in the NF gr¢op= 14) and not in the non-

* EEG activity was recorded from C3 and C4 referdrioethe left earlobe and average peak-to-peak
amplitudes of both electrodes in the trained fregyeband were used as feedback signal in all groups
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training control grouprn(= 10). The authors acknowledged that using areiffekind of

training would have been a better control thanmtnaining control group.

Keizer, Verment, and Hommel (2010) evaluated tHeces of local gamma band
(n = 8) and beta bandh & 9) NF training on episodic memory. While gammaning
improved recollection, beta training improved faarity memory which may be a hint
for specific effects. Yet, the missing control gocand especially the missing discussion
on the realization of an artifact-free gamma NFintrey, which is technically

challenging, represent limitations in this study.

Overall, upper alpha training was observed to haasitive effects on
performance in a mental rotation task, differenétiects of beta and gamma NF on
memory were reported, and further evidence fortpaseffects of SMR training were
provided. These studies further outline the widaeta of possible NF protocols and
NF applications. More studies employing better oalled designs are needed in order

to delineate the specific effects of particular pibtocols.

1.3.2.2 Peak performance and arts

Music performance in conservatoire musicians=( 36) was observed to be
marginally improved after a NF training that coteis of an SMR, betal and
alpha/theta training but not in a training inclugliadditional interventions or in a non-
training control group (Egner & Gruzelier, 2003).dddition, only regulation ability of
alpha/theta was related to performance improvemétisvever, the authors of that
study did not discuss why the group receiving @rae NF training in combination with
further training methods did not show improved perfance. In addition, the
association between regulation ability in alphaéhand performance might also be
related to alpha/theta training always being cotetlign the second training block.
Subjects were already familiar with the NF methadd might have succeeded better in
learning alpha/theta training, but as regulatiotadeere not presented in the paper this
cannot be judged.

However, in a second experiment € 61) in which all training types were
performed in independent groups (alpha/theta, Sh#Ral, physical exercise, mental
skills, Alexander technique), performance improveteewere only observed in the
alpha/theta training group (Egner & Gruzelier, 2008he critical points of this

experiment were that no comprehensive statistiatd @ere presented in the paper and
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regarding the alpha/theta group, regulation aéditwere not reported as in the first

experiment.

In an additional study (Gruzelier, 2009; Leach, He$, Hirst, & Gruzelier, 2008),
musical performance improved after alpha/thetanitngi but not after SMR training
compared to a non-training control group in instemtal solos and novice singing in

music studentsn(= 24).

Overall, these studies indicated that especiafihalkheta training seems to exert
a positive influence on musical performance. Furtfesearch is needed to further

delineate the specificity as well as the underlyimechanism mediating these effects.

Besides musical performance, the effects of Nfitngs were also studied related

to dance performance.

In ballroom and Latin dancers, for a group pranticiheta/beta neurofeedback as
well as for a group practicing heart rate variapilbiofeedback, advanced dance
performance was observed for “overall executionhpared to a non-training control
group (Raymond, Sajid, Parkinson, & Gruzelier, 2005 addition, differential effects
were present: theta/beta training improved timivghile heart rate variability
biofeedback improved technique, both compared ¢octintrol group. Yet the subjects
did not all have the same number of training sessand subjects training longer were
not equally distributed across groups. To contool the different number of training
sessions, an improvement per practice session s@geised for the analysis but is not
clear in how far this controls for the additionassions. Furthermore, regulation
abilities were not reported and correlated witHfgrenance measures as in other studies
of this working group. A further limitation is th#te control group practiced dancing on
their own so that the contact of the therapist with biofeedback groups was not

controlled for.

In a further study (Thompson, Steffert, ReddingG&uzelier, 2008), the effects
on creative dance performance of alpha/theta needblack, heart-rate coherence
training, and dance movement focus training wemapaoed to a no-training control
group 6 = 45). Preliminary results revealed the followigpha/theta training was
associated with improved creativity measures butwith improved creative dance

performance. Hear-rate variability training leadréaluced anxiety, but no improved
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dance performance was observed for this group coedpa the controls. No significant

improvements were present in the dance movemeus fgup.

These two studies indicated that it may be wortfutther examine the effects of
different NF protocols on dance performance, ydhis date the advantages of NF are

less visible compared to e.g. musical performance.

Future studies in the field of NF applications msashould focus on providing a
larger number of NF sessions per protocol, incrébseduration of NF sessions and
include larger group sizes to allow for a propeatistical analysis. Especially the
association of self-regulation abilities and parfance changes as reported for some

studies may provide further information on the #ipgty of the effects.

1.3.2.3 Peak performance and mood / well-being

So far, only few studies have evaluated the effetid¢F training on mood in non-

clinical subjectd

Raymond and colleagues (Raymond, Varney, Parkin8orGruzelier, 2005)
assigned 12 adults with high withdrawal scoresibhe sessions of either an alpha/theta
training or a mock feedback group. While no changesersonality were observed in

both groups, improvements in mood were associatédalpha/theta NF training.

Boyton (2001; also see Vernon, 2005) used alpha/theurofeedbackn(= 30)
with the aim of enhancing creativity and well-beingcomparison to a control training
(n = 32). Well-being increased in both training grewghile no differences in creativity
and well-being were observed between groups. Tbetlfat these training programs
included several different training components \adslressed as a limitation of this
study, as effects of the different components coudd be disentangled (see also
Vernon, 2005).

Allen and colleagues (Allen, Harmon-Jones, & Caen@001) examined the
effects of five sessions of frontal alpha asymmétayning in women on self-reported
emotional affect and facial muscle activity whiletahing film clips. They observed
that training of increasing right relative to Idfontal alpha activity compared to

training in the opposite direction had effects eli-seported affect when seeing a happy

® For an introduction to the application of neurafieack training for altering mood also related iaichl
applications, refer to Vernon and Gruzelier (2008).
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but not when seeing a sad film. This effect waatesl to decreased positive affect in
the training group which performed the traininghe opposite direction (increasing left
relative to right alpha activity). l.e. these finds did not provide any evidence for
positive effects on mood related to training ofreasing right relative to left frontal

alpha training. Furthermore, unprovoked mood whias assessed after each training

session was not associated with the directionadrditrg.

Two of the described studies provided first hiristhe specific effects of distinct
NF training protocols on mood. However, regardimg question in how far NF training
can lead to an increase in positive mood, poséffect and well-being, further research

is needed which specifically targets this quesiionealthy subjects.

1.3.2.4 Peak performance and sports

For a review on distinct EEG patterns related tortapg expertise in relation to
applications of NF training in sports, the readereferred to the reviews by Vernon
(2005) as well as by Thompson and colleagues (TkompSteffert, Ros, Leach, &
Gruzelier, 2008). To date, there are only a fevdisgiwhich have applied NF training

in sports.

Landers et al. (1991) examined the effects of NF 1@, T4) on archery
performance in 24 experienced archers. Subjects wgheived feedback related to
greater left hemisphere low frequency activity (eot feedback) showed improved
performance after NF while subjects who were tritteproduce greater low frequency
activity in the right hemisphere (incorrect feedbageerformed worse after NF. Control
subjects who rested instead of receiving NF (nadbdeek) showed no change in
performance. However, EEG analysis only revealsgdaetive changes in EEG activity
for the incorrect but not for the correct feedbackup. Methodologically, comparing
the effects of two opposite trainings on perfornsame a good approach, while the
missing EEG changes in the correct feedback grtwp,small sample size and the
application of only a single session of NF limiethonclusions to be drawn from this

study.

In another study (Arns et al., 2008), the effedtgeal-time feedback of EEG
parameters on golf performance were examined. BasdgEG activity at FPz related
to successful and unsuccessful golf putts, indided feedback parameters were

determined for each subjead € 6). Subjects showed more successful putts in the
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feedback compared to the no-feedback conditions $tudy did not apply NF in the
classical sense since instead of training to aehsalf-regulation abilities related to a
specific EEG parameter, subjects were providedbfaekl on this parameter in order to
perform a task (here to perform a golf putt, in thement when their EEG activity
coincidentally achieved a certain state). In additias the sample size was very small
and no control condition was used, it cannot bdedhtiated whether the actual
feedback parameter was related to the effectslgrreneiving any type of feedback. In
addition, artifact control when measuring EEG attiat a prefrontal electrode site in
combination with a bodily task is critical.

Although the application of NF training as peakfpenance in sports is a very
interesting field, the present data are more tiaidd and it remains a task of future

studies to show the effectiveness of NF applicaiodifferent sports disciplines.

1.4 Neuronal mechanisms underlying neurofeedback an  d the
specificity of training effects

Especially in recent years, studies have emergatl shed some light on the
neuronal mechanisms underlying a successful NRitigi Nevertheless, there remain
some mysteries to be solved by further researdm@meuronal mechanisms mediating
effects of successful self-regulation, especiaflyaawide variety of NF protocols exist

(see 1.2.3 Neurofeedback protocols), with a langecsum of applications (see 1.3
Neurofeedback: applications and scientific evid¢nce

In the following, studies that have analyzed nealanechanisms in the context
of NF applications in children with ADHD will be dined first. In a next step,
evidence regarding neuronal mechanisms underlyaak performance applications in
various fields will be presented. As the implemé&ata of an appropriate control
condition is one important method for delineatihg specificity of training effects both
at the neurophysiological and the performance agltatoral level, a subchapter is

introduced which elaborates this topic in some nuertauil.

1.4.1 Neuronal mechanisms underlying neurofeedback in ADHD

Regarding the neuronal mechanisms related to betta/as well as SCP
neurofeedback training in children with ADHD, theidence base is continuously
growing. Interest in the neuronal mechanisms umohgrlthese two NF protocols in

children with ADHD is the main motivation for thikesis. For this reason, selected
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studies that have targeted the neuronal mechanisgharlying NF training in children

with ADHD by e.g. analyzing regulation abilitiesyeppost resting EEG or ERP
measures will be presented in more detail includiligical, neuropsychological, and
neurophysiological findings (if applicable) as wels limitations of these studies.
Furthermore, the reader is referred to the recgniblished review article by Drechsler
(2011) which also includes a chapter on neuroplggical mechanisms related to NF
training in children with ADHD.

Heinrich and colleagues (2004) reported on the fimntrolled study in which
both the concept of SCP training was applied ihdcan with ADHD and its effects on

ADHD symptomatology as well as neuronal mechanisme examined.

Children with ADHD trained the regulation of th&CPs in 25 NF sessions. The
training effects were examined by assessing pdrémiaings of the German ADHD
rating scale as well as event-related potentialsngua continuous performance test
before and after the training in both the SCP ingirgroup ( = 13) and a waiting list
group of children with ADHD1{ = 9). After SCP training, a reduction of 25% in AD
symptomatology, a decrease of impulsivity errorgj an increase in the CNV were

observed, effects which were not present in theimgalist group.

This study provided evidence that SCP traininghitdeen with ADHD is related
to behavioral improvements which might be medidigdmproved resource allocation
as indicated by a CNV increase after training.

Limitations in this study were constituted by tmeadl sample size, the waiting list
control group which does not allow to control fanrspecific training effects, and by

not controlling for the status of medication.

The abovementioned limitation regarding controlugreelection was addressed
by another study (Drechsler et al., 2007) in whitkthildren with ADHD, 15 double
sessions of SCP training € 17) were compared to 15 double sessions of hefahv
group therapyr(= 13). Parents’ and teachers’ ratings indicategelaimprovements in
the SCP training group especially related to ateat and cognitive abilities.
Neuropsychological measures revealed similar imgmants in both groups and
therefore possibly rather reflected non-specifining effects in combination with

practice effects. That half of the SCP group, widobceeded in learning self-regulation
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during transfer trials, also showed improved hypgvae/impulsive symptoms which
represented a specific effect of the SCP trainkhgwever, the advantage of the SCP
group in improving attentional and cognitive alet was best accounted for by

parental support and represented an unspecifiangeffect.

An analysis of the neurophysiological data of gtisdy, which was published in a
separate paper, provided some further evidencespecific effects related to SCP
training (Doehnert et al., 2008). For children lo¢ tSCP group that had a diagnosis of
ADHD combined type, a tendency towards a decredéisetd/beta ratio after training
was observed, while this effect was not presenttferwhole SCP group. In addition,
some changes in resting EEG measure in the SCP grere positively correlated with
behavioral improvements in the symptom domains isipity and hyperactivity. In
contrast to results reported by Heinrich et al0O@0a decrease in CNV amplitude was
observed from pre to post training in both grougewever, this decrease was less

pronounced in those children that successfullynkeaSCP self-regulation.

Taken together, this study provided some evidentespecific effects of SCP
neurofeedback training. In addition, it showed tbatental support plays a crucial role
in the transfer to daily life situations and rethteehavioral improvements. That only
one half of the children in the SCP training graugceeded in learning self-regulation
of SCPs points to the fact that studying how seffutation is learned and how an

optimal training setting might look like needs ® d&ddressed in further studies.

Limitations in this study were the rather small géensize, the not fully
randomized group assignment, motivational problatsost assessment, and the small

responder rate in the SCP group.

A further study (Leins et al., 2007) aimed at compgathe effects of SCP and
theta/beta neurofeedback training on cognitive lagithvioral measures. Children with
ADHD performed 30 training sessions of either SE@kning (1 =19) or theta/beta
training (n = 19). For both groups, a similar improvement agritive and behavioral
measures was achieved, which remained stable smhsafter the end of the training.
Both groups learned the self-regulation of respedtrain activity, however due to the

® The theta-/beta training in that study differeahfrthe one applied in this thesis in the followinays: a
decrease as well as an increase in theta-/betawas trained; EEG activity was derived from diffier
electrodes positions; training consisted of marortstnials instead of few long trials; the baselnas
adjusted from trial to trial.
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difference in the variability of amplitudes betwetn® two NF protocols, effect sizes

could not be compared.

In a randomized controlled study by Bakhshayesl®{2®Bakhshayesh, Hansch,
Wyschkon, Rezai, & Esser, 2011), 35 children witbHD performed 30 sessions of a
theta/beta neurofeedback training or of an EMGedmdback training. Both groups
learned self-regulation as shown by a reduced Abedta ratio across sessions and
reduced EMG amplitudes, respectively. At the betraVias well as at the performance
level, some advantages of the NF compared to thé&{bMfeedback group were
observed. Unfortunately, even though self-regutatineasures were assessed, no
associations between learned self-regulation ahdweral/performance measures have

been analyzed which could have shed more lighhemdsults presented.

In a randomized controlled study by Holtmann et(2009), 34 children with
ADHD either performed 20 sessions a 30 minutestbeta/beta neurofeedback training
or a computerized attention training as part o@-week behavior therapeutic holiday
program. Regarding behavioral improvements, ncerbfitial effects were present for
the two training methods. Yet in a stop-signal taskeduction of impulsivity errors and
a normalization of frontal NoGo-N2 amplitudes werdy observed in the NF group.
However, limitations in this study were constituteg the small sample size, the short
duration of the training sessions, no follow-up esssnent, and especially by pre-
training group differences related to the number imfulsivity errors and no

presentation of N2 amplitude data or grand aveEdgjes in the paper.

A multi-center study (Gevensleben, Holl, Albrectiggel, et al., 2009) set out to
overcome the limitations of previous studies byuding a large sample of more than
100 children with ADHD that were randomly assigneda NF (G = 64) or a
computerized attention skills training group< 38). The NF training (36 sessions) was
a combined training consisting of a block of thie¢é# and a block of SCP training.
According to parent as well as teacher ratings,abenal improvements in the NF
group were superior to those of the control grolipese behavioral improvements
induced by NF were maintained at a 6-month follgw{Gevensleben, Holl, et al.,
2010). These results point towards NF being ancaffous treatment module for
children with ADHD.
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At the neurophysiological level, an analysis oftireg EEG measures revealed a
reduction in theta activity in the NF group (GeMebsen, Holl, Albrecht, Schlamp, et
al., 2009). In addition, protocol-specific pre-poSEG changes were related to
behavioral improvements: theta/beta training — elese of posterior-midline theta
activity, SCP training — increase of central-midlialpha activity. ERP measures
acquired during an attention test showed an inered<NV specific for SCP training
(Wangler et al., 2011). Furthermore, a larger CN\pr&-training was associated with
larger behavioral improvements after SCP trainifigken together, these findings

suggest specific neuronal mechanisms related te@essful NF training.

Advantages and limitations of this comprehensivelgtwere: The study was
methodologically well designed, comprising a largample and using a control
condition that is as similar as possible to a N#ning without actually using a placebo
NF trainind, not mixing up multiple interventions as childrgarticipated in the
trainings without receiving a medication treatmentany other form of therapeutical
treatment, assessing follow-up data, and examinthg underlying neuronal
mechanisms. Limitations are the limited respondse rof only about 50% of the
children in the NF group as well as the missingyans of data related to the regulation
abilities achieved in the two NF protocols and elations with behavioral or
neurophysiological measures. A further discussiénthe results observed by this
comprehensive study can be found in an editoriaBgndeis (2011) as well as in an
overview article by Gevensleben et al. (Gevenslebil, et. al., 2010).

In a recent study (Bakhtadze, Janelidze, & Khachdpe, 2011), 93 children
with ADHD either performed a NF training (15 sessi@f SMR/theta training followed
by 15 sessions of beta/theta training) or were @iaat non-treatment control group. The
authors reported an increased P3 amplitude anadedd®3 latency after NF training in
children with ADHD.

However, despite the impressingly large sample sieeresults of this study have
to be considered with caution for the following seas: a non-treatment control group

iIs not a good choice to control for unspecific efée the training procedures were not

" A placebo training was not used in this study tuethical considerations related to withholding a
treatment from children. Instead, in a next stegtudy was designed comparing an SCP training in
healthy adults to a placebo SCP training. Thisystuds conducted in Géttingen, one of the sitefisf t
multi-center study. Please refer to chapter 1.8 &¢ificity of training effects and the design afaatrol
training) for the presentation of some preliminérst results.
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precisely documented in the paper; no eye movearéfacts control was implemented
in the NF protocol which also questions trainin@lgy; pre-post changes in the EEG
parameters trained were not reported; artifacteobion procedures for ERP measures
were either not applied at all or were at leastdatumented in the paper, which is a
crucial flaw; and no information on how ERP compusewere determined was

provided.

In the context of a master thesis (Kleemeyer, 201 children with ADHD
were trained during 13 sessions to regulate th@PsS After NF training, positive
effects on children’s behavior were observed arilfli@n were shown to have learned
to differentiate between positivity and negativifiyals in the course of training.
Standardized low resolution brain electromagnebendgraphy (sLORETA) was
applied on average ERPs as a source localizatidhatheand revealed fronto-parietal
sources to underlie SCP regulation. However, solocalization for individual ERP
data revealed inconsistent results, which led timhax to the conclusion that these
findings may question the application of tomograpNF methods. Besides the small
sample size and not including a control group,tltmns of this study were constituted
by not presenting any data related to associatimisieen regulation abilities and
behavioral/performance measures. A methodologbehm@tage of this study was given
by the amplifier and software used for NF trainwlgich allowed for an export of EEG
data recorded during training to the VisionAnalyzestate-of-the-art software program
for ERP analysis, which enabled good artifact aio@ methods to be applied in the

analysis of regulation data.

Preliminary results of a tomographic NF trainingeta/beta and SCP) in 13
children with ADHD in anterior cingulate cortex (&} revealed the following effects
(Liechti, Maurizio, et al., 2010). Significant ingprements were observed on the
behavioral level and a trend towards the improvdarméthe CNV after NF training was
observed. No significant change of theta/beta ratithe ACC was observed across
training sessions. However, since the data of tM&iofeedback control group was

not yet available, the specificity of the effectésnot be judged.

In addition, to date there is one study (Beauredarldevesque, 2006) that has
applied functional imaging during a Stroop and gego task to analyze the effects of
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40 sessions of theta-/SMR and theta/beta neurofe&dbraining in children with

ADHD (n = 15) compared to a control group £ 5). In contrast to the control group,
after NF training, an improvement of inattentionddmyperactivity at the behavioral
level as well as a normalization of activation gats in brain systems mediating
selective attention and response inhibition, erg.anterior cingulate cortex, was

observel A major limitation of this study was the very dhsize of the control group.

In summary, the described studies have shed sogie 6n the neuronal
mechanisms involved in NF training in children wAlDHD and have provided hints
regarding the specificity of training effects whiahe encouraging findings. However,
more research is needed to further clarify the mesms mediating a successful
training of various NF protocols. Future studieshwiarge sample sizes, an adequate
control training, and including different groupsrfoeming different NF training
protocols would be desirable. In addition to an@gzneurophysiological measures,
such studies should also include an analysis afczssons of self-regulation measures

and behavioral / performance / neurophysiologieah d

1.4.2 Neuronal mechanisms underlying neurofeedback in healthy

adults

Also in healthy adults, there a variety of studsch have examined neuronal

mechanisms underlying NF training.

Some studies in healthy adults relating regulagibitities to performance changes
have already been described in the chapter on pesformance training (e.qg.
Hanslmayr et al., 2005; Ros et al., 2009; Vern@952 see also 1.3.2 Peak performance
studies of neurofeedback). These studies provideteece for the specificity of NF
protocols by relating the regulation abilities béttrained frequency bands to improved
performance. However, so far there is no statdefart method for the
parameterization of regulation abilities. This is emportant topic that should be
targeted by further research in order to increhsevalidity of these regulation ability

measures and enable the comparability of resultsastudies.

8 For the Stroop task, significant loci of activatim the neurofeedback group at post trainng were
observed in right anterior cingulate cortex, leftidate nucleus, and left substantia nigra. Fogdtieo-
go task, these loci were right ventrolateral pratfabcortex, right anterior cingulate cortex, fgfalamus,
left caudate nucleus, and left substantia nigra.
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Regarding resting EEG measures, NF traihings observed to affect spectral
resting EEG measures (Egner, Zech, & Gruzelier4R0OBowever, these effects were
not directly related to the frequency bands ordbalp locations addressed by the NF
training. These findings implicate that the neuwghamics involved in a NF training
involve more complex dynamical systems (which remaitarget for further research)
instead of specifically affecting the frequency @uments at the scalp locations

targeted during training.

With respect to ERP measures assessed in relaitbri\Nw, a study by Egner and
Gruzelier (2001; results also presented in Grueelieal., 2006) observed increased P3
amplitudes in an oddball task after a combined S{R15 Hz) and beta (15-18 Hz)
NF training® in healthy adults. Moreover, the regulation aieititof both SMR and beta
correlated positively with increased P3 amplitudesaddition, successful SMR self-
regulation was positively correlated with reducesnmission errors in a continuous
performance test. Nevertheless, the design of érwd NF training instead of training
the two protocols in separate groups or separatekbland not including a control
group constituted limitations of this study. Furthere, no information was provided
regarding the parameterization of regulation aegitor data supporting the correlation

between P3 amplitude and beta self-regulation.

The described limitations were partially addresbgda later study of the same
working group (Egner & Gruzelier, 2004; see alsaZstier et al., 2006). They reported
NF protocol-specific changes on ERP measures, yamaleased target P3 amplitudes
after beta but not after SMR training in an oddiba#lk. Due to this relatively simple
task with almost 100% correct responses achievéatédéraining, no improvement in
error detection could be observed after training tre P3 increase in the SMR group
was therefore not related to improved performamcthis group. A critical point was
that even though a non-NF control group was induidethe study, P3 measures were
only reported for the NF groups and not analyzedabsepeated measure ANOVA
including the factors group and time (before/aftaining). In addition, in contrast to
the previous study, regulation abilities were notalgzed and correlated with

performance and ERP measure, which might have geedvadditional information.

° low beta (12—15 Hz), betal (15-18 Hz), and alplesdt (8—11 Hz/5-8 Hz)

191n both neurofeedback trainings, theta (4-7 Hz) high beta (22-30 Hz) amplitudes were to be
reduced in addition. Per session, each subjecbqeed 15 min of SMR and 15 min of beta training.
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Ros and colleagues (Ros, Munneke, Ruge, Gruzé&li®gpthwell, 2010) were the
first to examine the effects of NF on corticomoéxcitability by means of TMS. 24
participants took part in a single 30-minute sessibNF training at C3, and TMS was
applied at this site before and after training.fldilthe participants trained to suppress
alpha (8-12 Hz), while the other half trained tcewate low beta (12-15 Hz).
Corticospinal excitability in the trained hemisphewvas observed to increase after
training, however without a significant interactioelated to training group. No
significant changes were observed for short-inferwrdracortical inhibition or
fascilitation in the trained hemisphere, and nonges were present in either measure in
the untrained hemisphere. Only Bonferroni corret¢ttxs$ts for the alpha training group
in the trained hemisphere showed an enhancemerdro€ospinal excitability as well
as a decrease in short-interval intracortical ittiaib lasting for up to 20 minutes after
training, which were not observed for the low-biganing group. In addition, Ros and
colleagues (2010) concluded that the general Nécefin MEP amplitudes appears to

be indirectly mediated via resting EEG changes.

The association between SCPs and the blood oxygext tependent response
(BOLD) as measured by functional magnetic resonaimecaging (fMRI) is well

summarized in the NF review article by Heinriclakt(2007):

Hinterberger et al. (2003) examined the relatiomdieétween negative and positive
SCPs and changes in the fMRI BOLD signal of adwlt® were trained to successfully
self-regulate SCPs at Cz. fMRI revealed that theeggtion of negativity was accompanied
by widespread activation in central, dorsolatenafiontal, and parietal brain regions as
well as in the basal ganglia. Positivity was asseci with widespread fMRI deactivations
at several cortical sites (including central andgero-hippocampal areas) as well as some
activation, primarily in frontal and parietal sttuces, and in the insula and putamen.
Cortical positivity could be predicted with high cacacy by pallidum and putamen
activation and supplementary motor area (SMA) armtomcortex deactivation. These
findings may contribute to a better understandifghe mechanisms of SCP training in
ADHD or epilepsy. (S.7)

Taken together, the findings reported in this ceapgirovide some hints for
neuronal processes related to a successful NRrtgain adult participants. Yet due to
the different kinds of NF trainings applied as wadl the complexity of the neuronal

mechanisms involved, further research is neededatn clearer insights into these
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mechanisms. A better understanding of these mesimanmight also have implications

for the further development of NF protocols as vasltraining settings.

1.4.3 Specificity of training effects and the desig n of a control
training

The importance of including an appropriate contraining when performing a
NF study in order to be able to distinguish spedifom non-specific training effects
has been paid regard to in an increasing numbdFaftudies. However, the question as
to what kind of control training can be considegatimal to control for unspecific
training effects is still subject to controversigcussions, and different approaches can
be found in the literature. However, one aspedtttiese different approaches agree on
is that a control training in contrast to a controhdition like a waiting list group or
pure administration of a drug is preferable in ortte control for effects related to

regularly attending training sessions as well asér-trainee interactions.

One approach for the design of control traininggoisuse a different training
method, either one that is well established in fiekl of application or one that is
designed to target similar domains, and to par#ikeltraining schedule and duration to
the one of the NF trainings. In the field of NFitrag in ADHD, recent studies have
used e.g. group therapy (Drechsler et al., 2007a @romputerized attention skills
training (Gevensleben, Holl, Albrecht, Vogel, et @&009) as control training, with the
difference of the latter being conducted in froha@omputer as a NF training and with
a one-to-one contact of trainer and trained chlifldgarding peak performance training,
e.g. in a study to evaluate the effects of NF tngiron dance performance, a dance

movement focus training was used as a controlitr@i(Thompson et al., 2008) .

However, the mentioned control training approactes not able to control for
effects related to trying to self-regulate one’snophysiological activity, and do not

provide a comparable amount of continuous feedbelelted to one’s own state.

One approach which addresses these points is inepkamy a biofeedback
training like e.g. EMG biofeedback training (e.cakBshayesh, 2007; Bakhshayesh et
al., 2011; Drechsler, 2009) or heart-rate varigbbiofeedback training (e.g. Raymond,

Sajid, et al., 2005) as a control training whickpending on the design, may also be
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considered as a potentially effective interventionHowever, regarding the
susceptibility to artifacts as well as the degré€ifficulty in acquiring self-regulation

skills, for instance, it may not be necessarily panable to a NF training.

Thus, a placebo NF training is often discussechaddeal control condition for
NF trainings as it parallels a NF training as cdgses possible. Thereby it allows the
control of unspecific training effects, especiaiflyit is conducted in a double-blind
setting, which is recommended. However, this vidva @lacebo training as being the
optimal control condition remains controversial fearious reasons, which will be
discussed below. In the following, without claimibtg provide a complete overview,
some placebo-controlled NF studies will be mentiba@d their limitations will be
discussed, while the reader is referred to liteeafor further studies (e.g. deBeus &
Kaiser, 2011).

In healthy volunteers, such a mock feedback camditivas realized for
alpha/theta training (Egner, Strawson, & GruzelZf02). Results showed that within-
session theta/alpha ratio increments were only rabdein the contingent feedback
group. However, no difference between groups wasemied related to subjective
activational phenomenology (relaxation) in thesalthg volunteers. The authors of the
study assumed that the awareness about the possdateuracy of the feedback
received might have affected the subject’'s expewtanand thereby the results. This
aspect is important to keep in mind when judgireyeffects of NF training compared to
placebo training, because knowing that the feedaight be false was observed to

have negative effects on training performance.

Logemann et al. (Logemann, Lansbergen, Van Os, &odé& Kenemans, 2010)
included studentsn(= 27) with relatively high scores on impulsivityiattention
guestionnaires in their sham-controlled, doubledlievaluation. They employed
individualized NF protocols based on quantitatiEeE(QEEG) assessments comparing
EEG parameters of a participant with a normalizetallase to identify deviations.
Based on these deviations, a specific location len dcalp as well as a specific
frequency band was selected for training. As a stigmal, a simulated EEG signal was

used. As after 16 training sessions, no trend tdsvamn advantage of the real NF

1 Bakhshayesh (2007) considered the EMG biofeedtraiking employed in the PhD thesis as a placebo
training. However, as also discussed by Drechg@t 1), the therapeutic effects of EMG training aann
be excluded per se. This is also addressed inri@ie recent publication (Bakhshayesh et al., 2011)
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training as assessed by behavioral measures (gtogl $ask, continuous performances
test, questionnaires) was observed, the experimearided to last for 30 sessions was
stopped. Major critical points of this study wenstituted by basing training on EEG
deviations relative to a normative data base, asatve data bases are controversial —
especially since participants were academic stsdebBue to the individualized
protocols, no pre-post changes in EEG measuretedeta these trained frequencies
were reported. In addition, instructing subjectat tho specific effort was needed and
learning would happen unconsciously when they d#dnto the brightening of the
screen and the audio sounds instead of instruttieg to apply cognitive strategies is a
procedure not shared by all NF working groups. lkerrhore, most participants reported
that they thought they received sham feedback. dflothese reasons, conclusions
drawable from this study remain very limited.

A similar training procedure was applied in chilingith ADHD (n = 14): using a
double-blind placebo-controlled design togetherhwindividualized NF protocols,
improvements in ADHD symptomatology were observed lboth groups and not
restricted to the contingent feedback group (Largdie van Dongen-Boomsma, et al.,
2011). Again, most families thought that they reedithe placebo training. The authors
discuss using automatically adjusted reward thiddshand not having implemented
active learning strategies as limitations of tis¢udy. In addition, group sizes were very

small for performing statistical group comparisons.

In the Child & Adolescent Psychiatry at the Uniwgrsof Gottingen a
randomized-controlled study on SCP training wasdoated in healthy adufts The
results relating to regulation abilities were ewdhd in a Bachelor Thesis (Neukirch,
2010). The results revealed that participants caoldreliably rate which training group
they belonged to. Successful self-regulation wdg observed in the “real” SCP group
and not in the placebo training group. No assamiatietween participants’ ratings
which group they belonged to and their self-regafaabilities were observed. Ratings
for both groups tended towards the middle of tleesandicating that they were unsure
which kind of training they performed. But in camdt to the studies by Logemann et al.
(2010) and Lansbergen and colleagues (Lansbergam,Dongen-Boomsma, et al.,

2011), the participants rather thought that theygomed a regular training. This study

2 Thijs study on SCP training was also funded byGheman Research Foundation as part of the same
project as the study of the present thesis.
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points out that subjects were able to learn SCPraglilation even in the context of a
placebo-controlled study. However, the effectivenes the training in terms of

associations between regulation abilities and hehalvdata remains to be analyzed.
These data will be important for judging the speatffects of SCP training in healthy
adults.

While the idea of using a double-blind placebo-oaiied design sounds in fact
like an optimal setting to control for unspecifi@ihing effects, the realization of a
placebo training especially in a double-blind seftis not trivial. It has to be ensured
that both EEG signal quality and artifact correcti® guaranteed for and trainers cannot
deduce which group (real vs. placebo NF) a padiifelongs to. In Géttingen such a
placebo training has been realized (Neukirch, 2Gi@) trainers seemed to be blind
with respect to a subject performing a real or ac@bo training. Trainer ratings (on
whether in their opinion a participant was perfargia real or a placebo training) could

provide important information on the factual reatian of such a double-blind setting.

Another important aspect regarding a placebo tgiris that from an ethical
perspective, participants need to be informed allmeitexistence of a placebo group.
This knowledge of the possibility that one mightibehe placebo group can have an
impact on the real NF training group which in twidlee abovementioned studies rather
thought that they performed a placebo training @bemgen, van Dongen-Boomsma, et
al., 2011; Logemann et al., 2010). The presen@mécebo training group might have
negative effects on training performance in thd M group, which is a confound

when aiming at disentangling specific from unspeaffects of NF training.

Furthermore, from an ethical point of view, thelizsion of a placebo training is
critical in patients who are searching for a treattmand especially in young patients
like children with ADHD, which is one of the mairelds of application of NF training.
For a further discussion of the implementation arfiteol trainings in the context of NF
studies in children with ADHD, the reader is alsderred to the recently published
review article by Drechsler (2011).

In summary, so far there is no all-around optin@itool training and each of the
described approaches has its advantages and diages. Using an active control
condition like group therapy, computerized attemtiskills training, or (non-NF)

biofeedback training has the advantage, especiaflypatients, that all participants
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receive a training that is intended to have posigffects. When performing NF training
in patients, it also provides the possibility tonqmare a NF training to another
established treatment method. On the other handpaong NF training to an active
control training raises the bar for the NF group.placebo training, in contrast, is
intended to directly control for unspecific traigieffects without constituting an active
training in the sense that specific improvements loa expected for the placebo group.
However, its realization especially regarding adif control and the impact of the
knowledge of a placebo group on the real NF grougambination with an ethical

qguestion when performed in patients has to be densil.

Thus, as so far each approach has its advantagksdiaadvantages, it is
reasonable that different approaches are usedferatit studies and it remains the task
of researchers to select for each study the approest suited for their purpose.
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2 Research objective of the present study and hypo-

theses

2.1 Research objective of the present study

The objective of the present study was three-fioich first and main part, the aim
was to further examine the neurophysiological meidmas underlying theta/beta and
SCP neurofeedback training. For this purpose,iaitigaof these two NF protocols was
conducted in adults and compared to a control itrginPre and post training
assessments comprised the following measures: -esfateéd potentials during an
attention-demanding task and measures of transtrardagnetic stimulation to assess
motor system excitability. The reason why these WNioprotocols were selected is that
they are established NF protocols for the treatroénhildren with ADHD. The present
study is a continuation of a previous study thaneixed the effectiveness of these NF
protocols in children with ADHD (Gevensleben, Hdat, al., 2010; Gevensleben, Holl,
Albrecht, Schlamp, et al., 2009; Gevensleben, Halhrecht, Vogel, et al., 2009;
Gevensleben, Moll et al., 2010; Wangler et al.,1201

The aim of the present study was to shed furtigét lbn the neuronal mechanisms
underlying these protocols which are effectivelyplag in children with ADHD, but
without a full understanding of the mechanisms o an effective training. While
some evidence exists regarding the effects of HiRitrgs on mechanisms of attentional
processing as reflected in ERPs, so far only ongyshas examined TMS measures in
the context of NF trainings in healthy adults (Rbsl., 2010), albeit by using different
NF protocols than in the present study. The matwafor applying TMS during pre
and post assessments arose from findings of Nkestwah children with ADHD where
reduced impulsivity and hyperactivity were obseragtér NF training (Gevensleben,
Holl, Albrecht, Vogel, et al., 2009; Holtmann et,a&009). This raised the question
whether these effects were possibly directly mediaia changes in cortical excitability
induced by NF training. Thus, the present studyoséto measure the potential effects
of NF training on cortical excitability in adults.

A second objective was to examine the effectiverésan adaptive NF training
(ANF) in comparison to the control training as wa#l to the more established NF
protocols theta/beta and SCP training. Since tipdicgtion of this kind of adaptive NF

training is spreading in the field of therapeuscveell as occupational therapy practices,
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the aim was to compare it to more established Nftopols to see whether further
research should be directed towards examiningfteete of this kind of NF training in

its various clinical applications. The adaptive M&ning protocols were derived from
the Othmers’ approach but due to the necessarydatdization needed for the

implementation in the present study, some modifioatwere made.

Moreover, the study aimed at examining the effaft{theta/beta, SCP, and
adaptive) NF training on well-being and mood asoteptial new field in the realm of
peak performance training. Previous studies havenlyjndocused on attention and
cognitive performance measures and only very femies have examined the effects of
NF training on well-being and mood. A motivatiorr f'examining NF training in the
context of well-being and mood was also derivednftbe adaptive NF training applied
in affective disorder. From a scientific perspeetithe effectiveness of the adaptive NF
training has not been established. Therefore,dba was to examine its effects on well-
being and mood in the context of a peak performarmaeing in adults as a first step, in
addition to examining the effects of theta/beta &@P neurofeedback protocols on

well-being and mood.

The present study was conducted in ‘healthy’ adatid not in children with
ADHD for the following reasons. Based on the comadppeak performance training,
these protocols are also indicated for the trainimghealthy adults. Pre and post
assessments were very comprehensive and therefbmeell suitable for children with
ADHD. Most notably, the adaptive NF training hast nget been scientifically
established, wherefore it seemed more adequatest@kamine this training protocol in
adults. Moreover, it was assumed that a largerraock homogenous sample could be
obtained when performing the study with ‘healthgu#s.

In addition, a control training was implementeddigineate specific NF effects
from unspecific effects related to repeating meas@nts, motivation or practicing

cognitive strategies in daily life situations.

Hence, four training groups were included in thespnt study: theta/beta, SCP,
and adaptive NF training, as well as a controlntrey. Participants were randomly
assigned to a training group and training effectsatiention, well-being / mood, and
motor system were examined at the behavioral, pedoce and neurophysiological

level.
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2.2 Hypotheses

The following hypotheses regarding pre-post tragnieffects related to the
different trainings were tested. For each hypoth@s), relevant measures were listed in
brackets in order to allow for a clear attributiohthe hypothesis to be tested and the
measures uséd For a detailed description of all measures, gasler is referred to the

methods section (see 3.2.3 Assessments).

H1: Each of the three NF protocols has stronger effentattention than the
control training (measures: total score of the Brdyeale, subscale concentration
of the EWL-N, performance measures of the ANT).

H 2: Each of the three NF protocols affects mood and-laeshg more positively
than the control training (measures: POMS, 5 setkstibscales of the EWL-N).
The strongest effect on mood and well-being is etquke for the ANF group

followed by the SCP group.

H 3: Each of the three NF protocols has a stronger tetiacaction orientation
(measure: HAKEMP) as well as self-access (measatéaccess questionnaire)

than the control training.

H 4: Regulation ability in the theta/beta and SCP graspxpected to be related
to improvements in attention, well-being, and matkitls (measures: total score

and subscales of the Brown scale, POMS, game tf)dar

H5: In comparison to the control group, stronger improents in motor tasks

are expected for each of the three NF groups (meadarts performance).

H 6: Stronger improvements in performance in the With&ircondition as well
as reduced perceived stress in everyday situatoexpected for each of the
three NF groups compared to the control group apéaally for the ANF group
(measures: game of darts WithStress, ANT WithStifessceived Stress Scale).

H7: For each of the three NF groups, larger effectswarking memory
performance are expected compared to the contooipgfmeasure: performance

in the working memory task).

13 Listing the measures already in the hypothesesioseavas chosen in order to increase
readability and the attribution of the hypothesed measures, which would have been more diffiqult t
introduce and less clearly arranged in the metkedson.
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H 8: NF training is expected to be associated with laefects on the attention
networks (as assed by the ANT) than the controugrémeasure: attention
network measure at the performance and ERP levaigithe ANT). This to be

seen as an exploratory analysis especially witheesto the ERP level.

H 9: Each of the three NF protocols in contrast to thetrol training is expected

to have effects on spectral resting EEG measureagure: resting EEG).

H 10: At the level of event-related potentials, largecre@ases in contingent
negative variation amplitude, cue- and target-PBldandes are expected for each
of the three NF groups in comparison to the congmaup. Specifically, the
strongest increase in contingent negative variad@xpected after SCP training.
The strongest increase of cue- and target-P3 ardpht is expected for the
theta/beta group. Regarding the ANF group, no §ipebypotheses could be

formulated (measures: event-related potentialssassieduring the ANT).

H 11: Both SCP and theta/beta training in comparisorh& dontrol training are
expected to have prolonged effects on the excitalof the motor system, while
no directed hypotheses could be formulated. THisceis not expected for the

ANF training (measure: TMS double-pulse paradigra nesting condition).

H12: The EEG self-regulation abilities of subjects ire ttheta/beta and SCP
groups are associated with improvements on theopednce level (Brown
Scale, POMS, game of darts): good performers slaoget improvements than
bad performers. In addition, good performers in $&P group are expected to
show larger pre-post increases in CNV amplitudesthie ANT than bad
performers. In the theta/beta group, good perfoomas related to stronger pre-
post improvements in cue- and target-P3 amplitudespared to bad
performance in self-regulation.

In addition, in a mainly exploratory analysis (epté concrete hypotheses were
stated above) for all described measures alsoreiffial effects related to the three
different NF protocols were analysed (mainly baseeffect size measures).
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3 Methods

3.1 Participants — Screening and final sample

3.1.1 Screening interview and assessments

One hundred and fifteen adults between 19 and ZBsyparticipated in the
screening interview. This clinical interview was @mg others based on the screening
questions of the structured clinical interview EM-IV (SKID; Wittchen, Zaudig, &
Fydrich, 1997) and intended to assess whetheresiten subjects were ‘healthy’ adults.
In the following, whenever the term healthy adudtsised with direct reference to the
participants of the present study, healthy wiliMo&ten in hyphens in order to indicate
the somewhat more clinically noticeable feeling &ethavior in several participants as

outlined below.

In addition, the German version of the Symptom @®hst90-R (SCL-90-R;
Derogatis & Savitz, 2000; Franke, 2003) was assesBee SCL-90 is a self-report
guestionnaire that evaluates a wide range of psggloal as well as psychiatric or
somatic problems observed within the last severs.délge 90 items are subdivided in
nine symptom scales: somatization, obsessive-ca@ivayl interpersonal sensitivity,
depression, anxiety, hostility, phobic anxiety,grand ideation, and psychoticism. As a
measure of overall psychological distress, the @l&@everity Index (GSI) was used to
determine whether subjects’ GSI scores lay withenorm (womenMgs < .83, men:
Mgsi < .54).

Next, subjects performed those subtests of the &emwersion of the Wechsler
Adult Intelligence Scale (WIE) that form the bafas the Verbal Comprehension Index
(VCI) and the Perceptual Reasoning Index (PRI). fean value of the VCI and PRI
was required to be above 80. To ease readabikyniban value of the VCI and PRI
will be referred to as estimated IQ even thouglcttrspeaking it is only an index
value and no 1Q estimate.

Exclusion criteria were: a psychiatric diagnosisneurologic diagnosis (e.qg.
epilepsy), a cardiovascular disease, estimated @&@wb 80, pregnancy, clinically
noticeable feeling and behavior (observed in tiherurew and/or GSI value higher than

norm).
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After about one third of participants had complétesir participation in the study,
one subject experienced a brief seizure and losorgciousness during TMS resting
motor threshold measurement at pre assessment. ifbident was thoroughly
examined and is documented in a publication (Kr&tader, Barth, et al., 2011). In the
literature so far no such case had been reportesirigle-pulse stimulation in a healthy
individual. The local ethics committee was congilileés to how to proceed with the
TMS measurements of this study and until an agreemeas achieved all TMS
measures were stopped. The further course of acipproved by the ethics committee
was to increase safety procedures. Since this entidEEG and electrocardiogram
(ECG) were assessed for all subjects before tlaticgpation in the study. In case of a
pathological EEG or ECG subjects were excluded frttma study. In addition,
sensitivity to fainting was assessed in the scregmiterview as a contraindication for
participating in TMS assessments, but based omsuttation with the assistant medical
director of our department it was not necessaritpiatraindication for participating in

the non-TMS parts of the study.

After the screening appointment 33 subjects werelueed from further
participation in the study due to ADHD diagnosis< 2), clinically noticeable feeling
and behaviorr(= 7), deviations in the EEG or ECG £ 14), estimated 1Q below 8@ (
= 2), for reasons of timen(= 4), or due to various somatic reasons like engitus or

tremor o= 5).

3.1.2 Participants

81 ‘healthy’ adults participated in the study angkr@vrandomly assigned to one of
four groups: theta/beta frequency band training)(FQining of slow cortical potentials
(SCP), adaptive neurofeedback training (ANF), aantraining (CON). Six subjects
were dropouts: dropouts during pre-assessmentd, i.e. before subjects got to know
the group assignment), dropouts after the first faning sessions due to reasons of
time (h = 3, all in the adaptive training group). Thus, 3&bjects remained that
completed the training and the pre and post assggsniFQ:n = 19, SCP:n = 20,
ANF: n =18, CON:n = 18). For all further analyses, two further sgltgevere excluded
for the following reasons: difficulties in undensting instructions due to German
language difficulties in a non-native speaker=(1), severe problems in personal life
with recommendation to contact a psychotherapist (). Therefore, the final sample

comprised 73 subjects: 19 subjects in the FQ gr&@psubjects in the SCP group, 18
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subjects in the ANF group, and 17 subjects in ti@NCgroup. An overview over

demographic and psychological characteristics @stmple is given in Table 1.

Table 1

Demographic and psychological characteristics of the sample

All FQ SCP ANF CON

n=73 n=19 n=19 n=18 n=17
Age (years) 24.35 +2.57 24.62 +2.56 25.08 £2.47 24.76 +1.75 23.59 +£3.06
Sex:m/f 31/42 7112 10/9 7111 7110

Estimated 1Q 105.17 £8.00 105.95 £6.19 105.24 £+7.67 105.72+9.12 103.65 +9.31

GSI (SCL-90) 22 +.19 .23+.18 14 +.10 20%.24 .33+.20

Note. For the whole sample as well as for each group demographic and psychological characteristics
(including standard deviations) are depicted. All: whole sample, FQ: theta/beta frequency band training
group, SCP: SCP training group, ANF: adaptive neurofeedback training group, CON: control training
group, m: male, f: female, GSI: Global Severity Index of the Symptom-Checklist-90-R self-report measure.

Groups did not differ regarding agkl{ge = 24.53 yearsSDyge = 2.57 years, age
range: 19— 31 year§|(3,69) = 1.10, n.s.) and estimated I@¢ = 105.17,SDq = 8.00,
IQ range: 88— 12F(3,69) = .29, n.s.).

Regarding the GSI score of the SCL-90, a signitichfierence between groups
was observedH(3,67) = 3.30p < .05), with the lowest score observed in the SG&
the highest score observed in the control grougst-Roc tests based on pairwise
comparisons revealed significant group differenoesveen the SCP and CON group
(t(33) = -2.43p = .021) and between the ANF and CON graufpl) = -2.62p = .013)
as well as a trend for group differences betweenH and CON grou(83) = -1.98,

p = .056). After Holm-Bonferroni correction resulte® longer were significant as
smallestp > .05/ 6.

All participants gave their written informed consemhe experiment was
conducted in accordance with the Declaration ofsii&l and was approved by the
Ethics Committee of the Medical Faculty of the Wity of Erlangen-Nuremberg
(accepted ethics proposal number 3672).
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3.2 Design of the study

Subjects were randomly assigned to one of fourggotheta/beta frequency band
training (FQ), training of slow cortical potentialSCP), adaptive neurofeedback
training (ANF), or control training (CON).

Pre-training assessments took place before theddtarining* and post-training
assessments were scheduled to the week after thefdraining. Taken together with
the screening interview, subjects participatedh@ study for about two months. All
trainings were conducted in the period between @t@007 and December 2009 in
the Department of Child and Adolescent Mental Healt the University of Erlangen-
Nurnberg.

Subjects were informed about group assignment ntit completion of the pre-
training assessments. All trainings were admingstdoy the same trainers who were
instructed to take a neutral attitude concerning efffects of the individual training

programs.

Subjects received 75 € for their participation e tstudy. In addition, starting
from the first and % training session in the control and NF groupspeetively, as well
as during post assessments, participants collguieds for their performance. At the
end of their participation in the study these pointere translated into an additional

monetary reward of up to 10 €.

Evaluation scales assessed at the end of traingng wsed to control for ‘placebo
factors’ like participants’ expectations on how muthey expected the training to
influence their attention and well-being as welltasassess their satisfaction with the

training.

3.2.1 Neurofeedback trainings

The NF trainings of the three NF groups (FQ, SCRIFAconsisted of 20 sessions
conducted as 10 double sessions of about 2 x S5@tesneach. In the majority of
subjects two double sessions were conducted pek (meenber of double sessions per
week:M = 2.27,SD = .54) so that the training lasted about 5 weeksnper of weeks:
M =4.68,SD=1.23).

% In the control group pre-training assessments ake about two to three weeks before the start of
training, as the training period in the controlgwovas shorter and with the aim to keep the distanc
between pre- and post-assessments similar in lwotlpg (please refer to chapter 3.2.2 Control tngii
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At the beginning of a training session subjecteddheir momentary satisfaction

with their life situation (see 3.2.3.2 Assessmehisng training).

From the ¥ double session on, at the end of each double osessibjects
practiced the transfer of their mental state duranguccessful training to another
attention-demanding situation by means of theiategies developed during the
training. In the 8, 7" and ¥ double session subjects practiced this transfatewh
playing darts, and in thé"68", and 18 session while performing a cued continuous
performance test (CPT-OX) at a personal computee 2.3.2 Assessments during
training).

In addition, participants were instructed to preetihis transfer of their strategies
at least once each day in daily-life situationsvimch this mental state is relevant for
them. Exercises were documented on a “transfeatsius” sheet and discussed at the

beginning of the next training session.

During the training participants sat in front afn@nitor on which changes in their
brain electrical activity were displayed as vadas in a selected feedback animation.
By modulating their brain electrical activity, paipants controlled a kind of computer
game. A trainer sat next to the participant in frohanother monitor that displayed the

participant’s EEG signals.
3.2.1.1 Theta/beta frequency band training

Training

In the theta/beta-protocol subjects were askedethuge their theta (4-8 Hz)
activity while simultaneously increasing their beizivity (13-20 Hz). The aim of the
training is to learn how to achieve an alert foclibat relaxed state. By training a state

of sustained attention this training addressesahie aspects of cortical arousal.

As amplitudes in these frequency bands vary fromgreto person and also from
day to day, individual baseline values are deteeshiat the beginning of each session
during a three minute long resting state. The Yailhg training session is based on these
baseline values. However, if baseline values waoedifficult and a reasonable amount
of positive feedback was not achieved, they werngiséeld accordingly, mostly by

increasing and/or decreasing the theta and/oniadti@ by about 10 % respectively.
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Changes in theta activity were continuously depliee a changing bar on the left
side of the screen while the aim was to reduce bhais Similarly, changes in beta
activity were visible in a changing bar on the tiglhde of the screen which had to be
increased (see Figure 2). At the start of trairse{-regulation blocks lasted for five
minutes, while they were extended to 10 minuteghastraining proceeded, i.e. a
training session consisted of few but long trimlsorder to address sustained attention.
In addition to self-regulation blocks with contimjdeedback, about 40 % of the self-
regulation blocks were conducted as transfer triads subjects trained to achieve the
desired state without receiving contingent feedbalo&ut their brain states. Transfer
blocks represented the first step towards a trarcffehe training state to daily life

situations in which also no feedback about theirent brain state is provided.

Figure 2. Theta/beta training screens.

Left: The trainer's screen depicts the time course of the following signals (from top to bottoum): beta, theta,
EOG, whole spectrum EEG (Cz). Right: On the participant’'s screen the feedback animation “balancing
Sam” is depicted. The green bars represent continuously changing activity in the theta (left bar) and beta
(right bar) band. The white horizontal line in the middle of each bar indicates the threshold value of the
respective frequency band. The participant is instructed to decrease theta activity and to increase beta
activity relative to this threshold value. The arrows next to the green bars indicate the direction of the
desired change. Whenever regulation is successful Sam makes a further step on the rope and on the right
top the score is increased by a point.

Software and recordings

For the theta/beta and SCP trainings the neurofeddisystem SAM (Self-
regulation and Attention Management) was used, wh@as developed by PD Dr.
Hartmut Heinrich®. Brain electrical activity was calculated from Qeference: one
mastoid, bandwidth: 1-30 Hz, sampling rate: 250. Hejo additional EOG electrodes
were placed above and below one eye in order tordeeye movements. The time

course of the EOG signal was also depicted on thieer’'s monitor. Vertical eye

13 Affiliation: Department of Child and Adolescent Ktal Health, University of Erlangen-Niirnberg
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movements were corrected online using a regresmsed algorithm (Semlitsch,
Anderer, Schuster, & Presslich, 1986). When aisfaxceeded + 100V in the EEG
channel or = 20@V in the EOG channel, for these segments no feddwas provided

to the subject.

Feedback animations

As the software was developed for children, the egtike feedback animations
were rather designed for children, but they werepéetl well by the adult participants.
Participants were free to choose between the fatigieedback animations: balancing
Sam, Puzzles, or games against the computer (&iifrace). In all animations, the bars

depicting the subject’s theta and beta activityenacluded.

In the “balancing Sam” animation participants coléd the movement of a boy
called Sam on a rope: successful regulation resuit&am making another step on his
high wire. For each step they collected points tirate depicted in the right corner of
the screen and their aim was to make Sam balanceaay steps as possible on this

rope within a given time.

The “Puzzles” game consisted of a picture that ea®red with 48 grey squares.
Whenever regulation was successful one squaremisapd and revealed the view on
this part of the picture and when it was no lorg@cessful the gray square reappeared.
After 5s of successful regulation (or longer fomgder trials) one gray square
disappeared for good. The aim of this game wasnower the whole picture by
making one grey square after the other disappeatalsuccessful regulation.

The “Gofi” game was very similar to the “Puzzles’ithwthe difference that
instead of covering a whole picture each squaresrsoa number representing the
number of points to be won by successful regulatiime score of each player was
depicted on the screen and continuously updateel airh of this game was to collect as
many points as possible and especially to collemtenpoints than the computer player.
Regulation of the computer player was based on labed signals and the strength of

the computer player could be adjusted.

In the “car race” the trainee directs a car thavesdforward on a given route and
the computer player directs a car that moves atonghe same route. The aim of this

game was to make the car drive as many rounds ssbp® and to outperform the
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computer player. The number of rounds achievedamh glayer was depicted on the

screen.

Contingent feedback and transfer self-regulation blocks

In feedback blocks, subjects received contingeatiifack about their theta and
beta activity represented as continuously changarg on the left and right side of the
screen. A white line in the middle of each bareaetiéd their baseline theta and beta

activity.

In transfer blocks, these bars were frozen, i.enatile and did not reflect the
current amplitudes of subject’s theta and betaviégtiFeedback about how successful
subjects were in regulating their theta and betiaigcwas only provided at the end of a
whole block. Nevertheless, subjects received saadlfack of whether they succeeded
in achieving the desired state, e.g. the numbentaay the steps in the “balancing Sam”
animation was still continuously updated, but norimation about their current theta or
beta amplitude was provided. For these transfeckislothe monitor of the NF trainer
was turned sideward to ensure that subjects didetative feedback by looking at the

trainer’'s monitor from the corner of their eye.

Strategies

Subjects either learned the regulation of theiirbeativity intuitively due to the
contingent feedback provided or by means of cogmitrategies. As there is no
strategy valid for everybody the trainer supporatijects in developing their personal

strategy.

Most subjects used cognitive strategies to diteeir torain activity in the desired
direction. They imagined daily-life situations irhiwh they succeed easily to be in a
state of sustained attention (e.g. an attentiveasdn during performing a sport or
playing a musical instrument). Subjects tried défe situations until they found one or
two that worked well for them. They tried to puethselves mentally in this situation
and to experience it as real as possible. They tisedeal-time feedback provided by
the software as well as the final feedback providedransfer trials to find their

personal strategy that supported them in achieaisigte of sustained attention.
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Transfer tasks

Starting in the 8 double session, subjects performed a transferaathe end of
this double session. During these feedback tagcriglal brain activity was no longer
recorded, i.e. subjects were not provided with &sdback about their success in
regulation. Before the start of such a transfek,tasibjects took their time to put
themselves into this state of sustained attentsmme subjects did this intuitively by
remembering their mental state of a successfuhitrgitrial. Most subjects used their
strategies to activate this state. Whenever thiéyhat they had succeeded in becoming
focused they gave their trainer a sign and thesteartask was started. In addition, also
during performing the task they were instructeddactivate this mental state, when

they felt they were losing it.

Transfer to daily life situations

Similarly to these transfer tasks performed in titaéning and also starting after
the 8" double session, subjects were asked to trainadictiy this state of sustained
attention also in daily-life situations at leastera day. They were free to choose any
situation in which they wanted to become more fedu®.g. at work, when studying for
an exam, when reading a text). As during transiekg the use of their strategies was
recommended. In addition they were asked to apyy strategy to situations in which
they wanted to relax or lighten up their mood. ®ut§ documented the situations in
which they exercised and how successful they estuntheir activation of this focused
state to be.

3.2.1.2 Training of slow cortical potentials

Training

In the SCP training subjects trained to changer tbeain electrical activity
alternatingly towards more negative or more posiftentials. This training aims at
subjects learning how to switch between an activdtattentive and a deactivated /
relaxed state. Increasing cortical negativity iltedl to activation, while increasing

cortical positivity is related to deactivation.

Feedback was provided in the form of a ball thdjescsts were to direct upwards
in negativity trials and downwards in positivityals (see Figure 3). The number of

positivity and negativity trials was kept equal,il@ttheir order was randomized. A trial
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lasted for 8 seconds and consisted of a 2 s baga#inod and a 6 s feedback period. I.e.
in contrast to the theta/beta-training, trainingsisted of many short trials, and baseline
values were determined in the first two secondeweiry trial instead of only once per
session. Intertrial interval was set to 5 +1 s.ifling was performed in blocks of 40 to
60 trials. As in the FQ training, transfer blocksres included in 40 % of all training

blocks.
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Figure 3. SCP training screens.

Left: The trainer’s screen depicts the time course of EEG (Cz, bottom) and EOG signals (top). Right: On
the participant's screen the feedback animation “Retro” is depicted. The red horizontal bar, which
appeared after a 2 s baseline, indicates that the trial is a negativity trial, i.e. the participant is asked to
achieve an active and attentive state. Feedback of the EEG parameter to be trained is provided by the
time course and color of a ball which is moving from left to right. A successful negativity trial is associated
with the ball moving upwards and changing its color from white to red. For each successful trial the score,
which is depicted on the right top the screen, is increased by a point.

Software and recordings

Recording of brain electrical activity and artifazirrection were similar to the
theta/beta-training with the only two differencdsatt the bandwidth of the EEG
recording was set to .01-30 Hz and that anotheesspn-based algorithm was used
for correction of vertical eye movements (Kotchoyb8chleichert, Lutzenberger, &
Birbaumer, 1997).

Feedback animations

As the same software was used as for the FQ tgimwo feedback animations

were the same (“Puzzles”, “Gofi”) while one othdfeted (“Retro”).

“Retro” is the most basic animation, as the aniaratnly consists of the ball that
moves along the screen. At the beginning of a,ttla ball is white and remains
immobile on the left side of a rectangle depictedite screen; this state corresponds to
the two seconds baseline measurement at the begiohieach trial. Next, either a red
bar appears at the top of the rectangle or a lduejbpears at the bottom, indicating the
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task to achieve an activated (negativity trial) @axed (positivity trial) state

respectively. In the moment when this bar indigatime required condition appears, the
ball starts moving towards the right side of thetaagle (this represents the time
course) changing its way upwards whenever the &maali gets more negative or
downwards when it becomes more positive. In addlitioe ball changes its color
towards red and blue color shades representingrtt@int of negativity and positivity

achieved up to this time point. The darker the sht more change in activity is
achieved relative to the baseline. The aim is toentbe ball upwards and color it dark
red in negativity trials, and to move the ball dovands and color it dark blue in

positivity trials. The number of successful triags depicted on the right top of the

screen.

In all other animations this moving ball was imbeddat the bottom of each

animation.

Contingent feedback and transfer trials

In all trials with contingent feedback the movingllbindicated the amount of
negativity or positivity achieved. In addition, twkinds of transfer trials were
conducted: transfer trials with delayed feedbaadk mansfer trials without feedback of

the time course of the underlying brain activitgnesented in the ball movement.

In transfer trials with delayed feedback, the badmained motionless and
colorless on the left side of the rectangle urtéd six seconds long regulation period
was over. Then, the course of the ball as weltsaBnal color was depicted. In addition,
the number on the top of the feedback screen, wieiptesented the number of correct

trials, was increased if the trial was successful.

In transfer trials without feedback the course lué ball and its color did not
become visible at the end of a trial, i.e. subjelitisnot receive information about their
brain state. The only feedback given was providgdihe number representing the

number of correct trials which indicated whether thal was successful.

For these transfer blocks, the monitor of the Nfn&r was turned sideward to
ensure that subjects did not receive feedback bkirtg at the trainer’'s monitor from

the corner of their eye.
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Strategies

As in the FQ training subjects either learned #gutation of their brain activity
intuitively or by means of individually developedgnitive strategies. Cognitive
strategies related to negativity trials (red sggjevere based on situations in which it
was important to be prepared and fully focusedaf@pecial situation (e.g. waiting for
the start signal for a sprint). Strategies for paisy trials (blue strategy) represented a
situation in which the subject “descended” to arcand relaxed state. Figuratively,
strategies for negativity trials are related toedexating the speed of a car while slowing

down in positivity trials.

Transfer tasks

Similar to the FQ group, subjects trained the aagion of their strategies in
transfer tasks. They mainly used their red strateggrepare for the task and become
focused. But some subjects for whom it was impdrtancalm down used their blue
strategy additionally or instead of the red one.atidition, they were instructed to
reactivate this mental state also during perforntimg task when they felt they were
losing it.

Transfer to daily life situations

Subjects practiced their strategies in daily-liteaions in which it was important
for them to be alert (red strategy), to calm dovatéx (blue strategy), or to lighten up
their mood (red or blue strategy depending on thtson). Subjects documented the
situations in which they exercised and estimated Well their strategy helped them to

acquire the desired state.
3.2.1.3 Adaptive neurofeedback training

Training

The adaptive NF training as applied in the presamdy was principally based on
the approach by Othmer and Othmer. Their appraath ¢choose protocols for training
individually for each person depending on the chhisymptomatology. In contrast, as
in the present study training was performed in lifwga subjects, three NF protocols
were chosen for all subjects based on the threeainstates to be targeted by the
training (see below). These three NF protocols weaged successively within a

session.
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A first protocol aimed at training a state of wieding, emotional stability and
positive mood. Feedback was provided regarding itlter-nemispheric difference
between temporal sites of the left and right helmeses in a 3 Hz wide frequency band
(reward band) with the aim of increasing the irtemispheric difference in this
specific frequency band. According to Othmer & O#mnR006) this type of temporal
training targets emotional regulation and it is trening site they usually start their

training with.

In addition, two inhibit frequency bands were impknted which prevented the
subject from producing extreme values in any fregyeband, thereby acting as a sort
of artifact detection which lead to a brief disiioptof the feedback signal whenever it
exceeded a threshold vatfieThe low inhibit band ranged from 2—13 Hz while thigh
inhibit band ranged from 14-30 Hz (Othmer & Othn2806).

The frequency band to be trained (i.e. the rewartpwas adjusted individually
starting at 12-15 Hz and decreasing or increadmegfitequency band to be trained
based on the feedback provided by the subject.eStsbpre asked about every two
minutes to rate their alertness, relaxation anddrmwoa 10-point rating scale. The aim
was to find a frequency range for which feedbacdkfoeced a general state of well-
being in subjects. A heuristic used was to increhseefrequency range when subjects
were underaroused, e.g. reported getting tiredtandiecrease the frequency range if
they were overaroused, e.g. became too agitatéense. However, adjustment of the
frequency range was mainly done by trial and earat based on the feedback provided
by the subject related to his/her current stateeaif-being”.

18 «30el Lubar was the first to employ inhibit furais with the overt objective of training toward mor
normal distributions.” Othmer, S., Neuromodulatitechnologies: An Attempt at Classification (p.2).
Retrieved August 5, 2011, from
http://www.eeginfo.com/research/researchpapersiradulation_Technologies.pdf

Othmer and Othmer adapted this idea towards inaetutivo broad-band inhibits in the training.

74t is the responsiveness to optimized-frequemaintng that makes this training approach practical
The immediate response of the reinforcement ierim¢$ of state shifts in the arousal, attentionad, a
affective domains. These state shifts are readifggived within a matter of a minute or two or thhy
anyone who responds sensitively to this trainingpdtts on perceived state change are eliciteddy th
therapist, and on this basis the reward frequemegjusted on the timescale of minutes. As thexapti
reward frequency is approached, the trainee achiavaore optimal state in terms of arousal, vigéan
alertness, and euthymia. At the same time, thagtieof the training increases perceptibly. Foistho
familiar with the theory of resonant systems, thiaps out a conventional resonance curve, anaitris
impression that the person’s felt states and thigamsivity to reinforcement map out essentiallyshme
curve. [...] Since this behavior can be observedffer@nt people across the entire frequency baoihfr
0.01 Hz to 45 Hz, it is likely that the same geherganizing principles apply for every part of thaend.”
Othmer, S., Neuromodulation Technologies: An AtteatpClassification (p.9). Retrieved August 5,
2011, from http://www.eeginfo.com/research/reseaapiers/Neuromodulation_Technologies.pdf
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At the beginning of this protocol a 30 seconds lsewas assessed before
feedback was provided in order to adjust the tholeishfor the reward and inhibit bands.
At the end of this baseline period the thresholdeswere determined in the following
way. The threshold for the reward band was setdwige 75 % positive feedback. The
threshold for the inhibit bands was set such thatidw inhibit band did not exceed the
threshold in more than 10 % of the time and thén hiidnibit band did not exceed the
threshold in more than 5 % of the time. Thresheldse adjusted whenever the reward
band was changed or when feedback frequency droppeadcreased considerably
(based on the judgment of the trainer). Feedbackpravided in the form of sounds in
combination with visual animations as describeaWwelThis training protocol lasted for

20 minutes.

A second protocol aimed at training a state ofxatian. For this purpose
electrodes were placed at parietal sites of thealadl right hemisphere and an increase
in alpha (8.5-11.5 Hz) synchrony between thess sites trained. According to Othmer
and Othmer (2006) parietal training targets bodigxation and awareness. This training
was performed in a comfortable sitting positionhngtyes closed. Whenever the reward
band exceeded the threshold feedback was providdteiform of Musical Instrument
Digital Interface (MIDI) sound 99 “atmosphere” thatas played. The subject was
instructed to try to achieve a relaxed state incWithe sound is played continuously for
a longer time and more often. For this training kbw inhibit band was set to 2-11.5
Hz and the high inhibit band to 11.6-30 Hz. In cangon to the first training protocol
the threshold for the low inhibit band was changedllow exceeding of this threshold

only in 5 % of the time. This training protocol ted for 10 minutes.

A third protocol aimed at training a focused staféhout getting distracted by
other thoughts. According to the Othmer and Oth(26606) prefrontal training targets
reducing internal distraction and improving plargnand organization as well as short-
term memory. The procedure was very similar tofitts¢ training protocol but with the
following differences: training was based on froraieas and adjustment of the reward

frequency was mainly based on the subject’s ratiggrding alertness.
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Software and recordings

For the ANF training the neurofeedback system Aitan by BrainMaster

Technologies Inc. (Beford, Ohio, U.S.) was used.

For the training at temporal sites EEG was recomiéa bipolar montages at T3-
C3 and T4-C4. Instead of a bipolar montage at T3iKelused by Othmer and Othmer
this setup was chosen with the original aim of geible to analyze the EEG frequency
spectrum in each hemisphere and monitor whethargeisaoccurred due to trainifig
To achieve a training similar to a bipolar trainemgew software implementation within
Brain Master system was used which is based onneghaacombination (addition and
subtraction) that differentially emphasizes syndongs or asynchronous EEG activity
(Collura, 2005). This implementation was used ttcudate the feedback parameter
within the 3 Hz wide reward frequency band basetherdifference (subtraction) of the
two recorded signals.

For the training at parietal sites EEG was recorded®3 and P4, with linked
mastoids as reference. The software calculatedstine between these two recorded

signals within the alpha frequency range which used as feedback signal.

For the training at frontal sites EEG was record@ti bipolar montages at Fp1l-
F3 and Fp2-F4 and again the software calculatedlifference signal which was used

as feedback parameter for the reward frequency.band

The scalp positions where sintered Ag/AgCl eleasodere placed were prepared
with Nuprep abrasive skin prepping gel and Ten2@GEfaste was used as conductive

paste.

The training was performed using a two monitor 8olu on one monitor the
EEG signals were displayed and observed by theetravhile the second monitor was
used as display for the feedback animations.

Feedback animations and sounds

In contrast to the NF trainings described aboveéh&ANF training feedback was

either provided via a combination of sounds andialisfeedback animations (for

'8 However this analysis is not part of the preskesis as the software did not allow performing thie
of analysis. If this possibility will be implememtén the software in the future, analysis will lstié
inaccurate as long as no markers are saved togetttethe EEG data whenever the reward frequency
band is changed.
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training at temporal and frontal sites) or solely sounds (for training at parietal sites)
depending on the training protocol. Subjects wastruicted to attend to the moments
when the animation is moving and when a soundagqgual, knowing that it tells them
that their brain is in the desired state (Brennialen, 2010).

At the beginning of training subjects were allowwedhoose from a set of “peep”
or “click” sounds and choose the one that they B&peed as most comfortable. They
either chose the same or two different sound fertthining at temporal and for the
training at frontal sites. For the training at p&al sites the MIDI sound 99
“atmosphere” was played for all subjects that waslatated in frequency and duration

as described above.

Visual feedback animations were only used for thming at temporal and frontal
sites as the training at parietal sites was pemdravith closed eyes. On each training
day subjects were allowed to choose from a setiofi@ions that comprised video clips
with changing colorful or abstract patterns as wal e.g. scenes of a swimming
dolphin. Brain activity changes were used to mouthe speed of the video which
ranged between normal speed and a pause of thenmowaddition, photographs on a
whole variety of topics were available that wereyazed by small squares and were
gradually uncovered as squares disappeared andledvearts of the picture whenever
the feedback criterion was fulfilled. Starting frotime day when transfer tasks were
introduced into training a training protocol alwagsded with the same picture to be
uncovered or the same movie clip in order to andher state achieved during this

training period.

Contingent feedback and transfer trials

Due to the concept behind the adaptive trainiragniing always was accompanied
by contingent feedback and no transfer trials wectuded as they are not realizable

within this training concept.

Strategies

For the same reason that transfer trials cannatdbeded in the adaptive training

also strategies are not part of this training cphce

However, on each training day always the same m@ctr video clip were

presented at the end of a training protocol angestdowere asked to anchor their state
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achieved during training to this picture or vidé@r the training at parietal sites the

“atmosphere” sound acted as such an anchor.

Transfer tasks

Similarly as in the FQ and SCP neurofeedback grosgpbjects trained the
application of the mental states achieved duriaging in transfer tasks. They mainly
used the state trained during training at fronitalssto prepare for the task and become
focused. Many subjects used the anchor image @ovatene to activate the desired
state. But some subjects, for whom it was importemtcalm down or motivate
themselves, used the mental state of the parietédroporal training additionally or
instead of the state related to frontal training.addition, they were instructed to
reactivate this mental state also during perforntimg task when they felt they were

losing it.

Transfer to daily life situations

Subjects practiced these mental states in da#ydituations in which it was
important for them to be alert, to calm down/ relaxto lighten up their mood. Subjects
documented the situations in which they exercisetlestimated how well their strategy
helped them to acquire the desired state.

3.2.2 Control training

On the one hand, the control training was desigonezbntrol for practice effects
due to repeated testing in the NF groups. Forrdason subjects of the control group
performed the same pre and post assessments aK-tgeoups within a similar time
interval. In addition, their training consisted obmpleting the same questionnaire
regarding their satisfaction with their life siticat and performing the same transfer
tasks (darts, CPT-OX) as the NF groups.

On the other hand, the control training was deslgioe control for unspecific
training effects related to the NF trainings, fte use of a cognitive strategy to activate
a mental state favorable for the task to be peréaknf-or this reasons, subjects of the

control group also used cognitive strategies wpddorming the transfer tasks.

The control training comprised six sessions of al2@430 minutes each. In order
to keep the time interval between pre- and postsassent as well as the time interval
between pre-assessment and the first transfersiaskar to the NF groups, the first



Methods Page|6l

training session of the control group started altaug weeks after the pre-training
assessment. As for the NF groups the transfer &taked in the 8 double session and
as the control training was designed to start wWitse transfer tasks, the training of the
control group (mean number of weeké:= 3.17,SD = .99) was a bit shorter than the
training of the NF groups. On average also two isasswere conducted per week

(number of sessions per wedk:= 2.08,SD=.67).

Similar to the NF groups, before performing thensfar tasks, subjects developed
individual cognitive strategies that helped thenac¢bieve a relaxed but focused state of
mind or a state of sustained attention. Most siibjesed mental imagery of situations
in which they experienced this state (e.g. perfagma sport, reading an interesting
book). Subjects were then instructed to activatsehstrategies before starting the

transfer task.

Subjects of the control group were asked in theesamay as subjects of the NF
groups to practice their strategies in daily-lifduations in which they wanted to
achieve a focused or relaxed state, or lighterhap mood. Exercises were discussed at
the beginning of each training session. Subjectsich@nted the situations in which they

exercised and estimated how well their strateggdtethem to acquire the desired state.

As in the NF groups, momentary well-being as welkatisfaction with their life

situation were assessed (see 3.2.1 Neurofeedlzaclgs).
3.2.3 Assessments

3.2.3.1 Pre- and post-training assessments

The pre-training as well as the post-training assests consisted of a short and a
long assessment that took part on different daywedsas self-report measures to be

filled out at home.

At the short assessment (duration: about 15 mihstdgjects performed a game

of darts as a task related to motor skills.

After the short assessment subjects were handedselfireport measures
(questionnaires) to be filled out at home (durati@mout 1 hour). They were asked to

base their ratings on the last seven days. Submcthe NF group brought the

19 All self-report measures were in German. In tHifang, descriptions for each measure were
translated into English as best as possible.
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questionnaires to the first training session whiejects of the control group sent them
back within one week in a stamped envelope provigethe investigatsf. They were
asked to fill out the questionnaires in a statenafd that they consider “normat”for

themselves.

The long assessment (duration: about 3 hours)edtdike the short assessment,
I.e. subjects performed a game of darts. In a sed, EEG electrodes were hooked up
and a resting EEG was recorded. Then, subject®rpeetl two attention-demanding
tasks while event-related potentials were recor@eeorking memory task, and the
Attention Network Test. Finally, transcranial magoestimulation parameters were

assessed in a resting-state.
Self-report measures

Brown Scale

A German short version of the Brown attention-deftisorder scales (Brown,
1996) was used as a measure for attention. It sisnef 20 items that are rated on a
four-point scale indicating how often the descriliehavior occurred within the last
week (ever once twice almost daily. The questionnaire provides a total score
(calculated as the sum of all item ratings) whiall iae used for analysis of training

effects.

In addition, the questionnaire provides the follogviive subscores: 1. organizing,
prioritizing, activation to work; 2. focusing, sasting and shifting attention to tasks; 3.
regulating alertness, sustaining effort and prangsspeed; 4. managing frustration and
modulating emotions; 5. utilizing working memory daraccessing recall. These
subscores will be used for the analysis relating rBigulation abilities to attentional

abilities as assessed by this questionnaire.

% The training of the control group started latexrttior the neurofeedback groups as the trainirtheof
control group consisted of the transfer tasks steted in the Bsession of the neurofeedback trainings.
For this reason they were asked to send the questies back by mail in order to make sure that the
were filled out within one week from the short dadg pre assessments like in the neurofeedback
groups.

L compared to being in an especially good or baddnoo
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Adjective Checklist EWL-N

The adjective checklist (“EigenschaftsworterlisEBVL-N; Janke & Debus, 1978)
is a more dimensional method to describe aspectgelibeing. It consists of a list of
161 adjectives that are rated on a two-point s¢applicable not applicabl¢. The
guestionnaire consists of the following 15 scalésctv are formed by summing up the
number of the respective item ratings: activatiooncentration, deactivation, fatigue,
benumbed, extraversion, introversion, self-confaéenmood, arousal, sensitiveness,
anger, anxiety, dejection, and dreaminess. As tlisa very comprehensive
questionnaire, six scales that were considered mebstant to assess training effects
were selected for data analysis: concentrationctokeion, self-confidence, mood,

sensitiveness, and dejection.

Profile of Mood States (POMS)

The POMS is a questionnaire assessing mood stiteNajr, & Dropleman,
1992). The German version of the POMS (Albani et 2005) consists of a list of 35
adjectives that are rated on a seven-point scalgifig fromnot at all to very strong
and assesses the following four scales: dejectatigue, displeasure, and vigor which

are formed by summing up the respective item scores

HAKEMP-90

The HAKEMP-90 (Kuhl, 1990, 1994) assesses actiaentation after failure
(AOF) as well as prospective action orientation 3OThe questionnaire consists of 24
questions describing a situation and for each @uresttwo possible answers are
provided out of which one answer is to be seleciée two scales AOF and AOP are
calculated by summing up the number of answerstseldhat belonged to items of the

respective scale.

Self-access questionnaire

The self-access questionnaire consists of 14 iteatsare rated on a 4-point scale
ranging fromnot applicableto exactly applicable Scores of negatively formulated
items are transformed by subtracting them from.foitme total score is then formed by

summing up all item scores.
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Perceived Stress Scale (PSS)

The PSS (Cohen, Kamarck, & Mermelstein, 1983) assethe amount of
perceived stress by means of 14 statements thatateé on a 5-point scale ranging

from “never” to “very often”. The score is calcuddtby summing across all 14 items.
Short assessment

Game of darts

In the game of darts subjects threw darts on aedrnic dart board (see Figure 4)
on which scores got higher from the border towatds center (outermost circle: 1
point, circle around the bull's eye: 11 points, Isukye: 20 points). Subjects were
instructed to score as high as possible from awltst of 2.35 meters. The game of darts

consisted of two variants.

Figure 4. Concentric dart board.

Variant 1 (NoStress): Subjects threw 6 darts irow (= 1 trial) on the board

(within 30 seconds) while standing on a pedesta0ofm height.

Variant 2 (WithStress): Subjects played darts axmdeed in variant 1, but this
time the pedestal was vibrating and in additionmfloudspeakers behind them a noise
sound? was played. The aim of this variant was to gereaasituation that was more

demanding and stressful.

% The noise sound was a white noise signal modulatédisome special effects using the software
Audacity (for further information please refer tiygv//audacity.sourceforge.net/).
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First of all, subjects performed one test trial e#fch variant. Then, subjects
performed each variant three times, i.e. they thtesdarts 36 times. The two variants

were presented alternatingly.

The game of darts was assessed again at the Isegsasent in order to obtain

more stable results.

Parameterization: For each variant, the mean swfoa# throws (of the short and

long assessment taken together) was calculated.

Long assessment

The long assessment started like the short assessvith a game of darts. In a

next step, EEG electrodes were hooked up.

EEG recordings

Electroencephalogram was recorded from 23 sitestfeldes of the 10—20 system
and Fpz and Oz; recording reference: FCz; grouadtrelde: CPz; bandwidth: 0.016—
120 Hz; sampling rate: 500 Hz) using a BrainAmp Hinep (Brain Products, Munich,
Germany). Sintered silver/silver-chloride (Ag/AgCélectrodes and Abralyt 2000
electrolyte were used for recordings. In additigartical and horizontal EOG were
recorded from two electrodes placed above and béh@wmight eye and at the outer
canthi. Impedences were kept below 2B Khese recording parameters are valid for all
tasks described below in which EEG or ERPs wererdsd.

Resting EEG: Recording and data analysis

Two minutes of EEG were recorded in an eyes-opsatinge condition while

subjects sat quietly in front of a monitor lookiagthe center of a blank screen.

Data analysis was done using the software prograsmofv Analyzer (Brain
Products, Munich, Germany). EEG was down-sample2bt Hz, re-referenced to the
mastoids, and filtered offline with a .1-30 Hz, dB/octave Butterworth filter, and a
50-Hz notch filter. The method of Gratton and cafjees (Gratton, Coles, & Donchin,
1983) was used for correction of occular artifaBSG recordings were segmented into
four-second long, non-overlapping segments. A segmna@s removed from further
analysis if the amplitude at any EEG electrode eded + 80uV. If less than 10

artifact-free segments were available, this subjad excluded from further analysis.
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For each segment, the Fast Fourier transform waslated. The spectra obtained
for each subject were averaged. Voltage values wateulated for the following
frequency bands: theta (4-7.75 Hz), alpha (8—-12Zp and beta (13-20 Hz). For
further analysis the midline electrodes Fz, Cz, &dwere considered. Effect size
measures (Cohen’s d) were based on electrode Gaddheta and beta frequency band,
as this is the electrode site targeted by theta/beining in the FQ group, and on
electrode Pz for the alpha frequency band, asishise electrode site target by alpha

synchrony training in the ANF group.

Working memory task

Subjects performed a visual working memory task levitheir ERPs were
recorded. They were comfortably seated in frontaaionitor and their ERPs were
recorded with the same setup as for the resting EHEG® data of this task will not be
presented in the thesis at hand). The working megrask was very similar to the one
employed by Studer and colleagues (2010). The diffgrences were that instead of
line drawings pictures of the International Affeeti Picture System (IAPS; Lang,
Bradley, & Cuthbert, 2005) were used, and that tduthe higher complexity of these
pictures presentation time of a picture was sligimtreased.

In the working memory task five or six pictures e/@resented consecutively on a
computer screen using Presentation software (Nehmhoral Systems, Albany, US).
Stimuli for each trial were randomly chosen froreed of 270 pictures selected from the
IAPS. Pictures presented in a trial belonged to ohé¢hree categories of emotional

content: neutral, positive, or negative. As depidte Table 2, based on the IAPS data

Table 2

Working memory task: valence and arousal ratings

valence arousal
neutral 5.00 £.27 275+ .43
positive 7.07 +.55 5.64 + .63
negative 2.69+ .61 5.69 + .59

Note. Mean valence and arousal (with STD) for neutral, positive and negative pictures used in the working
memory task. These valence and arousal values are based on the IAPS ratings of male and female
subjects combined as in our study gender of participants was mixed. Ratings are based on a 9-point scale
with the value 1 representing very low valence or arousal ratings and the value 9 representing very high
valence or arousal ratings.
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base neutral pictures were rated as having a nealence indicated by a valence value
of 5.00 which lies exactly in the middle of the erate scale which ranges from 1 (very
negative) to 9 (very positive). As expected for tnalupictures the arousal rating

resulted in a relatively low value. Valence ratirfgs positive and negative pictures

were comparably distant from the mean of the vaescale (i.e. the neutral value),

indicating that their valence values are comparabikin their respective category. In

addition, the mean arousal of positive and negaiietures was the same. For practice
trials an additional set of 45 pictures (15 of eaategory) were used.

Each picture was presented at a visual angle & degrees for 700 ms with a
stimulus onset asynchrony of 1100 ms (encoding gghaBhe encoding phase was
followed by a blank screen for 4000 ms (retentidvage). Next, one of the pictures
presented during the encoding phase was shownade gicture and subjects were
asked to press a button indicating its positioth@original sequence (retrieval phase).
Following their response, a sound indicated whetiemresponse was correct. The task
comprised four blocks consisting of 24 trials eagh.pictures of a trial were of the
same emotional content. In each block the same aumbtrials with pictures with
neutral, positive, and negative emotional conteetenmpresented, while the order of
these trials was randomized. The four task bloak®prised two variants: 2 blocks
consisting of trials in which five pictures wereepented consecutively (variant 1: lower
working memory load) and 2 blocks of trials in whié pictures were presented
consecutively (variant 2: higher working memorydpaTask blocks of variant 1 and

variant 2 were presented alternatingly.

Each block was preceded by practice blocks of faafs. Practice blocks were
repeated until the subject scored correctly onethoat of four trials, but maximally
seven practice blocks were conducted. The aimexdlpractice blocks was to give the
subjects the chance to try different strategieh@i to remember the order of the
pictures. They were asked to keep their strategyutihout the task and to use the same
strategy in the post assessment. In the post assessach block was preceded by only

one practice block.

Parameterization: The mean number of correct resgsowas calculated for all
trials, separately for trials with lower and high@orking memory load as well as
separately for trials with pictures of neutral, iige, and negative emotional content.
ERP results of this working memory task will notgresented in the present thesis.
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Attention Network Test (ANT)

Subjects performed the Attention Network Test (FdoCandliss, Sommer, Raz,
& Posner, 2002; Posner & Petersen, 1990) whilenbegctrical activity was recorded.
The ANT in the present study was realized in theesavay as described in Kratz and
colleagues (Kratz, Studer, Malcherek, et al., 211 the only difference being that in

the present study two different conditions werduded as described below.

The ANT is based on an attention network theoryettgped by Posner and
Petersen (1990) which describes a system of seteatiention. This system consists of
three functionally segregated networks with eactwok being related to a specific
form of attention: alerting, orienting, and exevatattention (Posner & Rothbart, 2007).
Alerting attention is defined as being able to aghiand maintain a state in which one
IS very sensitive to appearing information. Oriegtattention comprises being able to
select information from sensory input. Executivéemtion is related to conflict
monitoring and resolution, which is why this attentnetwork is also known as the

conflict network.

The ANT version (see Figure 5) as developed by Rwdl. (2004), which is a
version designed for children, was realized in @nesgtion (Neurobehavioral Systems,
Albany, CA, USA). A fixation cross was presented the center of the screen, and
subjects were instructed to visually fixate on hisnt. Their task was to feed a hungry
fish which appeared above or below the fixatiorssr@bout 1°) by pressing the left and
right mouse button if the fish looked to the laftdaight, respectively. This fish was the
target fish, which was visible for 350 ms. The #@r@ish was surrounded by four
flanking fish, two on each side, which were preednt00 ms before the target fish
appeared. These flanking fish were used to cortstaurgruent trials, in which all fish
pointed in the same direction, and incongruentstria which the flanking fish pointed
in the other direction than the target fish. Eais fsubtended 1.6 degrees of visual

angle and the contours of adjacent fish were stgmhlkey 0.21 degrees.

Furthermore, three cue conditions were includethéntask, which were all valid
cue conditions and which were presented with equatbability. These cues appeared
1400 ms before the target fish and were shown 5@ rhs. The duration of the cue-
target interval was increased with respect to tigiral ANT version (Fan et al., 2002),

in order to be able to measure a CNV during theametory phase before the target fish
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appeared. In the first type of cue condition no was presented (NoCue condition). In
the second type of cue condition, an asterisk apdeat the center of the screen and
indicated the target fish was to be presented ¢NentralCue condition). A third type
of cue condition was a cue which was shown exaattlthe location where the target
fish will be presented, thus indicating besides itffermation that the target fish will
appear soon also its location (SpatialCue conditigiewing distance was about 72 cm.

The intertrial interval varied randomly between 8risl 5.0 s.
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Figure 5. lllustration of the Attention Network Test (ANT).

The ANT version used in the present study is depicted. “In each trial, one of three cue conditions (NoCue,
NeutralCue, and SpatialCue) preceded the target fish which either pointed to the left or to the right. The
flanker fish either pointed in the same (congruent) or opposite direction than the target fish (incongruent).
[...] [Participants] were asked to feed the target fish by pressing the button that matched the direction in
which the target fish was pointing.” (Kratz, Studer, Malcherek, et al., 2011, p. 85).

The task was performed in two variants: in variarthe task was performed as
described above, while in variant 2 in additionoésa sound (the same sound used for
the darts game) was presented via loudspeakerSopesi on the left and right side of

the monitor.

Instruction of participants was performed in a dadized way. Next,
participants performed a practice block of 12 ¢riaf variant 1, followed by a practice
block of 12 trials of variant 2. The test itselfnststed of four blocks of 48 trials each,
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two blocks of each variant. The two variants waespnted in the order 1-2-2-1 or 2-1-
1-2.

At the end of a block the number of correct respengas presented on the screen
next to a picture of a fish. If participants suabee in achieving 40 or more hits, this
fish was blowing bubbles to indicate good perforoganThe test lasted for about 20

minutes including short breaks between the blocks.

The following performance measures were determiezbrding to Fan et al.
(2002). Hits, mean reaction time (mean RT), andabdity of RT (RTV) were assessed
as basic performance parameters. Reaction timeumesasvere based on trials with
correct responses which were required to occurdmtv200 and 1500 ms after onset of
the target stimulus. In addition, related to theration networks the following measures
were assessed: alerting score (RT for NoCue tmafsus RT for NeutralCue trials),
orienting score (RT for NeutralCue trials minus BT SpatialCue trials) and conflict
score (RT for incongruent trials minus RT for cargt trials). The interpretation of
training effects related to these attention netwswtres will be based on the following
assumption: a smaller alerting score could beedlad the ability to maintain alertness
even without a cue and thus indicate stronger iatgrtThus, training effects are

expected to be reflected in smaller scores (Tamd ,€2007).

ERP data was analyzed with the VisionAnalyzer safew (Brain Products,
Munich, Germany). Electrical activity was filteré@m .05 to 30 Hz using 24 dB/oct.
Butterworth filters and a 50 Hz notch filter wasphed. Signals were rereferenced to
linked mastoids. Eye movement artifacts were coeckevith the method of Gratton et
al. (1983). If the amplitude exceeded 480 at any electrode, a section of -500 to +500
ms around this artifact was excluded from furthealgses.

Separate analyses were performed for cue and tgngetessing based on
averaged responses of the following segments.Heoamnalysis of the interval between
cue and target presentation, segments of 1800ngthlevere formed, which started 230
ms before cue presentation. Target processing nalgzed based on segments of 1250
ms length, which started 125 ms before target ptaten. In order to avoid distortion
of the ERP topography no baseline correction waiexp (e.g. Brandeis et al., 1998).
Only trials with correct responses were considei@d further analysis. Averaged

responses of a participant were also required tbds®ed on at least 20 artifact-free
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segments in order to be included in further analyiian artifact was detected in one

channel, the segment containing the artifact waswed in all channels.

As the CNV was most pronounced at Cz, analysislvagged on this site. For all
cue conditions, CNV was determined as the meanitudplin the time window 1000
to 1300 ms after cue onset. CNV amplitudes of theuthilCue and SpatialCue

conditions were considered for further anaifsis

P3 amplitudes to cue as well as to target stimalewmaximal at Pz, which is why
analysis was based on Pz. For the analysis of meegsing, the P3 was determined as
the most positive peak at Pz in the time window-BID ms after cue presentation. For
the analysis of target processing, the P3 was meéted in a similar way but based on
the time window 280-450 ms after target presemat@r cue-P3 amplitudes peaks of
the NeutralCue and SpatialCue conditions were densd for further analysis while
for the target-P3 also amplitudes of the NoCue ttmmdwere included.

Transcranial Magnetic Stimulation (TMS)

TMS measurements based on the double-pulse paradigimai et al., 1993)
were performed while subjects remained in a resdtate. During TMS measurements,
ERPs were recorded simultaneously with the samg set described above. The only
difference was that electrode C3 was removed fisr tieasurement, as the magnetic
coil was to be placed on the scalp around this. &ealysis of these ERP measures is
not included in the thesis at hand. For the TMSsusaments, two additional electrodes
were adjusted at the right hand, in order to mea&MG activity of the musculus
abductor digiti minimi. One electrode was placethatlittle finger, and the other one at
the edge of the hand on the side of the littledmd\ ground electrode was attached to
the forearm close to the wrist. For these EMG rdiogs, the recording settings of the
amplifier were adjusted accordingly (bandwidth: 88Q Hz, sampling frequency:
5 kHz). TMS measurements were performed using @digf-eight coil (diameter of
one wing: 70 mm) connected to a Magstim Bistim umith two Magstim 200
stimulators (Magstim, Whitland, UK).

%3 As there is no CNV in the NoCue condition CNV asig was based on the neutral and spatial cue
conditions.

4 As there is no cue-P3 in the NoCue condition CN¥lgsis was based on the neutral and spatial cue
conditions.
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Optimal stimulation position over the left motorriex was determined while
subjects rested their right forearm on an armrelsiie their hand was hanging down in
a relaxed position. Intensity of a single-pulsensius was increased until a motor
evoked potential (MEP) became visible in the reedr&MG signal of the musculus
abductor digiti minimi. Single-pulse stimuli of thintensity were repeated while the
position of the magnetic coil was changed. This s@ginued until the position of the
coil was found which elicited the largest MEP. Thi®imal stimulation position was

used for all further measurements.

Before starting with the double-pulse measuremesyme basic TMS
measurements were carried out in order to adjusfusgher measurements to the

individual parameters of each subject.

First, the resting motor threshold (RMT) — the mmal stimulus intensity that did
not elicit an MEP larger than 50V in five consecutive trials — was determined while
subjects kept their hand in a relaxed positiond@scribed above), i.e when the target

muscle was at rest.

Next, the suprathreshold stimulus intensity wasemhined such that MEP
amplitude was about 1 mV (peak-to-peak). For thigppse, single-pulse stimuli were
elicited in a range of 10-15% stimulation intengtyove the RMT, until the intensity
was determined that resulted in an MEP of aboud/1 Im addition, the intensity of the

conditioning stimulus was set to 75% of RMT.

In the double-pulse assessment, paired pulses uwsa@ for stimulation which
consisted of the conditioning stimulus followed the suprathreshold stimulus. The
inter-stimulus-interval of these two pulses wastsél, 3, 4, or 5 ms for inhibitory trials
and to 7, 9, 12, or 18 ms for facilitatory trialhe task consisted of 50 trials that were
pseudo-randomized in such a way that within thet fi5 trials one single-pulse
suprathreshold stimulus was included as well as itwbitory and two facilitatory
trials. The next 5 trials were combined in a similay and so on. The task consisted of
10 single-pulse stimdfi, 20 inhibitory trials, and 20 facilitatory trialsshile each type
of inhibitory and facilitatory condition was presed 5 times. The task was performed

% The stimulation intensity of the suprathreshoithetus was adjusted during the task within a few
percent of stimulation intensity if the amplituderithg single-pulse stimulation dropped below p800r
exceeded 2 mV in two consecutive trials. Adjustmeas only done between the above described blocks
of 5 trials.
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twice with a short break in between. Presentatigargion 11.0; Neurobehavioral

Systems, Albany, CA, USA) was used for triggerifighe magnetic stimulators.

Analysis of the EMG data was performed using Viginalyzer software (Brain
Products, Munich, Germany). Data were segmentexlane segment per trial before
two types of peak detection were carried out. Tist peak detection was used to detect
muscle tension occurring directly before stimulatibor this purpose the most positive
and most negative peak was determined in a windéwiOo ms duration before
stimulation. If peak-to-peak amplitude of theselygeaxceeded 4nV, this trial was
discarded due to initial muscle tension. The seqoeak detection was performed to
determine the maximum MEP amplitude elicited by TMf@mulation. The most
positive and most negative peak was determined window of 65 to 100 ms after
stimulation. The MEP amplitude was determined asogak-to-peak amplitude of these
two peaks. If MEP amplitude was below 400 or ab2060uV, the whole block of 5
trials related to this single-pulse trial was diseal. The whole block was discarded as
later analysis of facilitatory and inhibitory trgalvas always performed relative to this
single-pulse trial. If less than 14 trials with fstient data quality remained for
inhibitory or for facilitatory trials in the pre ogpost measurement, this subject was

excluded from further analysis.

For all remaining trials of a subject, the MEP aitople of each inhibitory and
facilitatory trial was divided by the amplitude dhe single-pulse trial of the
corresponding block of 5 trials. Thereby, relatM&P amplitudes were obtained with
the corresponding single pulse MEP amplitude beigned as 1. These relative MEP
amplitudes were averaged over all inhibitory caodsg as well as over all facilitatory
conditions. This procedure resulted in an averdgahobitory and facilitatory relative

MEP amplitudes per subject reflecting SICI and I1€&Spectively.

General information regarding all assessments

For those tasks that were performed in two varjathis variant with which the
task started was randomly selected. The order aanted within each group. For each

subject the order was kept the same in pre andgsssssments.

At post assessments subjects were asked to bremgstves in the state-of-mind
as during a successful training by using theirtagii@s as they did when performing the

transfer tasks at the end of a training session.
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At both post assessments subjects were able tectgtloints for successful
performance as part of a reward system in which tiere able to receive up to 10 € in
addition to the fixed amount of money they receif@dtheir participation. Points were
obtained for showing equal or better performan@a tim the previous performance of
the task (For darts previous performance was thiedarts played as a transfer task in
the training while for all other tasks previous fpemance was the pre assessment. In
the second post assessment previous performaiegtswas the first post assessment).

Points were distributed among the different taskilows:

» Darts: 1 point for each variant
* Working memory task: 2 points for each variant
* Attention network test: 2 points for the mean numikehits, and 2 points for

reaction time.
3.2.3.2 Assessments during training

Satisfaction with life situation

At the beginning of a training session subjecteddheir momentary satisfaction
with their life situation on a 7-point rating scadnging from zeror(ot content at ajlto

six (very content

Evaluation scales

Evaluation scales assessed after the last tragesgion were used to control for
‘placebo factors’ like participants’ expectationslmow much they expected the training
to influence their attention and well-being andittlsatisfaction with the training. The
guestionnaire consisted of 13 items and was ratesl ®point scale ranging fronot at

all / neverto exactly / always

Transfer task: Game of darts

The game of dart8 was performed in the same way as in the pre- ast-p
assessments. Subjects were instructed to activatgesired mental state (e.g. by means

of their cognitive strategy developed during trag)i before the start of each trial and if

% As the purpose of the game of darts was mainpraatice with subjects how to activate the desired
mental state in a ,real life situation, these datxe not analyzed and will not be presented imptiesent
thesis.
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needed also within trials as described in the immgisection. The trial was started when

they signaled that they were ready.

Transfer task: Continuous performance test (CPT-OX)

As a second type of transfer task a cued continpeuformance test CPT-GX
was used. Subjects were instructed to activateléseed mental state (e.g. by means of
their cognitive strategy developed during trainibgjore the start of the task as well as
during the task (e.g. in moments when an irrelevstithulus was presented) as
described in the training section. The cued cowotisuperformance test (van Leeuwen

et al., 1998) was started when they signaled therg neady.

A short version of the CPT-OX was used, in whicld Bfiters were consecutively
presented in the center of a monitor. Stimulus timawas set to 200 ms with an
interstimulus interval of 1400 ms. Subjects wergtruncted to press a mouse button as
fast and as accurately as possible, whenever thetiketter X was presented after the
cue-letter O and to withhold their response to aiimgr sequence of letters. Probabilities
for the sequence “O — X" as well as for the seqaet@@ — not-X" were 10 %. As
performance measures the number of hits (O — Xjnagsion errors (not-O — X), and

impulsivity errors (O — not-X) were analyzed.

Before performing the task for the first time, sdig were presented with a short

practice block.

Reward system during transfer tasks

For each transfer task performed during trainingyjects were able to collect
points for successful performance as part of a mveystem as mentioned above.
Points were received for performing equally wellbatter than the previous time. For
the first game of darts during training, the presioperformance was the darts
performed at the last pre-assessment, while fofuttteer games of darts during training
it were the game of darts of the previous trainig.the CPT-OX was not performed
during pre-assessment no points were collected Viinenperforming it. For further
training sessions, points were based on the CPTp@Xormance of the previous

training session.

%7 As the purpose of the CPT-OX was mainly to practiith subjects how to activate the desired mental
state in a ,real life” situation, these data weot analyzed and will not be presented in the pitethersis.
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Points were distributed among the different transdsks as follows (number of

points that can be gained by each performanceeataitk):

e Darts: 1 point for each variant

e CPT-OX: 1 point for number of hits, 1 point for ctian time

3.2.3.3 Self-regulation abilities in theta/beta and  SCP training

For the FQ and SCP training group regulation abdjti.e. how well subjects
succeed in self-regulation of specific EEG paransetegave been analyzed in a diploma
thesis (Fischer & Schmiser, 2010). As it is impart@ relate these findings on self-
regulation abilities to the further findings of tbemprehensive study presented in this
thesis, a short version of the methods and resafterted more extensively in the
diploma thesis will be reported. Self-regulatiosults presented here were recalculated
for the final sample which was included in the theg hand, and associations of self-

regulation abilities and ERP measures were analyraddition.

As described in the introduction (see 1.4 Neuromachanisms underlying
neurofeedback and the specificity of training algc measures of self-regulation
provide valuable insights regarding the questiosp#cificity of NF training effects: it
can be analyzed in how far subjects learned togdh#meir brain activity in the desired
direction, and these changes in brain activityh@ tourse of training can be related to
changes observed on the behavioral level. Unfotéiyaself-regulation abilities could
not be analyzed for the ANF group as EEG measwakl ot be exported from the
BrainMaster system for further analysis. In additichanges in the reward frequency
band were not marked within the recorded EEG datach also would have made
tracking of EEG changes related to the respectexgard frequency band trained
impossible. For this reason, analysis of regulatibiities was restricted to the FQ and

SCP groups.

So far, there exists no clear standard for howetst parameterize self-regulation
abilities. For a discussion on why the below présg¢methods were chosen the reader
is referred to the diploma thesis. In the diplorhastis, different parameterization

methods were presented while here only the combmethods (FQ: theta/beta ratio,
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SCP: differentiation) will be describ&with the exception of the analysis related to

CNV amplitudes (see below).

For the FQ training group, self-regulation was paeterized as the theta/beta
ratio and an improvement in self-regulation al@btis represented by a reduction of the
ratio. In the SCP group differentiation between ifpasy and negativity trials was
calculated as the difference of mean amplitudesth@se two conditions; an

improvement in self-regulation abilities is relatedan increase in this difference.

In order to analyze whether subjects learned treretk self-regulation in the
course of training, self-regulation in the firstavraining sessions (average value of
session one and two) was compared to self-regalatidhe last two training sessions
(average value of session nine and ten). Self-a¢ignl measures presented here do not
differentiate between trials with contingent feecband transfer trials.

In a second step, based on these changes in gal&tien abilities from the start
to the end of training each group was divided giod and bad performers by means of
a median split. It was assessed whether good peefsrimproved more from pre- to
post in attention (Brown Scale total score and soites for the 5 clusters), well-being
(POMS), motor skills (game of darts), and ERP messyCNV, P3) than bad
performers. Change from pre to post training fpagicular measure was calculated by
subtracting the score obtained at pre assessmemt fhe score obtained at post

assessment and will be referred to as change score.

In addition to the above described analyses, fer dhalysis related to CNV
amplitudes self-regulation abilities were analybaded solely on regulation abilities in
negativity trials. This approach was chosen as ineg&CPs are closely related to the
CNV, which has been shown to be increased after tsitng (Wangler et al., 2011).

3.2.4 Statistical data analysis

3.2.4.1 General information on statistical analysis

Due to the unintended heterogeneity of the samgded(scussed in chapter 5.1

The sample) in combination with a relatively snsainple size, the following procedure

8 |n the diploma thesis the good/bad performer aislyas e.g. also performed in FQ training forahet
and beta measures separately, as well as in SBgfor positivity and negativity measures sepelsa
Here, only the combined parameterization methode wieosen in order to represent regulation ability
per training type by a single parameter, for whiesults will be presented.
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of analysis was chosen. Outliers were determine@&sh measure and excluded from
further analyses. Outliers were defined as dewiatiof more than + 2.5 standard
deviation§® of the mean value of a measure. The mean valua ofeasure was

calculated for the whole sample based on the prke @ost assessment data taken
together. If a value of a subject at pre or posessment was defined as outlier, this
subject was excluded from this specific analysise iumber of subjects included in

each analysis can be extracted from Appendix A8, C.

In order to assure that this approach of excludjers did not affect the result
pattern two further data analyses were performeate @nalysis included only those
subjects that would have been admitted to the s{ndy 48) based on the originally
more strict selection criteria of healthy adultsheut a sub-clinical symptomatology of
some kind. Another analysis was performed includaedf subjects, i.e. without
exclusion of outliers. Both additional analysesldeel a very similar results pattern to
the one obtained by the final analy&isThese findings support the chosen approach of

data analysis as adequate.

Statistical analyses were performed with the saBWRASW Statistics (v.18). In
order to adjust for violations of sphericity, Greense-Geisser correction was applied
to critical p-values. Statistical significance was assumeg@ # .05. For significant

results as well as for trends obtained in ANOVAIlgses, effect sizes were calculated
as partial eta square,f). Small effects are observed;i? > .01, medium effects if,>

> .06, and large effectsiyt,2 > .14 (Cohen, 1988).

Furthermore, in these cases post-hoc tests weferped and due to multiple
testing Holm-Bonferroni correction was applied wjust the significance level. If
post-hoc tests were performed, the resulpnglues were ordered and the smalfest
value was compared to ‘.05, the next smallegp-value was compared to *.051 ¢
1)’, and so on. As soon as the fisvalue did not meet to criterion to be smaller or
equal to the criticap-value, which is determined according to the procediescribed
above, all further post-hoc tests were consideogdgaignificant.

29 A more common and at the same time more striatogmh would have been to define outliers as
deviations of more than + 2 standard deviationthefmean. This approach was not selected as tog man
subjects would have been classified as outliers;iwivould have resulted in an even smaller sample
size.

% These additional analyses could not be perforrethkE TMS measures because group sizes became
too small, since TMS measures had not been assfssatisubjects.
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In addition, in order to control for potential piraining differences between
groups for all measures ANOVAs were calculatedpia-training data. These results

were only reported if significant pre training éfénces were observed.

Due to relative small group sizes and adherent|sstettistical power, in addition
to results based on ANOVAs effect sizes (Cohefy'svere reported. Effect sizes were

used to depict training effects of each NF groumjgared to the control group.

In order to calculate these effect sizes, firstdiiference of the mean values of a
measure from pre to post assessment was calcutateshch group resulting in a so
called change score for each group. Next, theréifiee of the change score of one NF
group and the corresponding change score of th&atogroup was calculated and
divided by the pooled standard deviations of thtesechange scores (see Equation 1).
For each measure, this calculation was performe@doch NF group compared to the

control group.

Effects were interpreted following the notion tl@bhen’sd > .20 indicates a

small, Cohen’sl > .50 a medium, and Coherds> .80 a large effect.

Change NF — Changecontrol

\/SDI%/F + SDL?OTltT'Ol
2

Cohen's d =

Equation 1 . Calculation of the effect size (Cohen’s d).
Note. Changegroup = Mpost_group — Mpre_group

In order to visualize these gradations in tablesed’'sd values were depicted in
grey letters if there was no effect, in black lettd there was a small effect, in bold
black letters if there was a medium effect, andinderlined bold black letters if there
was a large effect. To improve readability, thensif Cohen’sd values reported was
changed in such a way, that positive values indi@atiarger improvement / smaller
decline in the NF compared to the control group aedative values indicate a larger
improvement / smaller decline in the control conepaio the NF group.

In a similar way, in order to compare effects & three different NF protocols,
effect sizes for all measures were also calcultdae@ach NF group compared to each
other NF group. The only difference regarding tlepidtion of these effect sizes in a

table will be that positive values indicate a largeprovement / smaller decline in the
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NF group mentioned first, while negative signs aade a larger improvement / smaller

decline in the NF group mentioned second.

An exception of this convention of the utilizatioh positive and negative signs
for effect sizes was made in the resting EEG amsalys well as in the TMS analysis.
For these two measures it was not fully clear whialection of a pre-post change
(increase vs. decrease) constituted an improverk@ntthis reason, effect sizes were
reported within brackets to indicate that positarel negative signs may have another
significance than for all other measures. Cleasrimtion will be provided below each
table to indicate the way in which effect sizesragorted.

3.2.4.2 Statistics: self-report measures

For each self-report measure (for the total scbevailable, otherwise for each
subscale) a repeated measure ANOVA with the wishibject factor TIME (pre, post)
and the between-subject factor GROUP (FQ, SCP, ANIN\) was calculated.

3.2.4.3 Statistics: performance data

Game of darts

The effects of type of training on darts performamere analyzed by means of a
repeated measure ANOVA with the within-subject dast TIME and STRESS
(NoStress, WithStress) and the between-subjecif&@ROUP.

Working memory task

In order to assess effects of type of training arking memory performance a
repeated measure ANOVA was calculated with theim4slubject factors TIME, LOAD
(5 pictures, 6 pictures), and EMOTION (neutral, ipes, negative) and the between
subject-factor GROUP.

Attention network test

Data analysis was performed analogue to the metbedsribed by Kratz and
colleagues (Kratz, Studer, Malcherek, et al., 20dit)with the difference that here pre-
post effects were analyzed additionally.

In order to assess the effects of training typ¢henbasic performance parameters

hits, reaction time, and variability of reactiormés separate repeated measure
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ANOVAs were calculated with the within-subject fact TIME and STRESS and the
between-subject factor GROUP.

In a further step, for the analysis of the effeotstraining type on the three
attention networks separate repeated measure ANQWAs calculated for the RT data
related to each attention network. These ANOVAsuithed the same factors as for the
basic performance parameters. In addition, a wishipject factor was introduced
depending on the attention network to be analy2&ERTING (NoCue, NeutralCue),
ORIENTING (NeutralCue, SpatialCue), or CONFLICT rigouent, incongruent).

Effect size measures related to the attention mswyere based on the alerting,

orienting, and conflict scores (confer page 70cfdculation of these scores).
3.2.4.4 Statistics: neurophysiological data

Resting EEG

Repeated measure ANOVAs with the within-subject tdec TIME and
ELECTRODE (Fz, Cz, Pz) and the between-subjecbfa@ROUP were calculated for
each frequency band to assess effects of traimrtbese resting EEG parameters.

Attention network test

Analogue to the performance data, ERP measures avalkyzed based on the
three attention networks For target-P3 amplitudes analyses were perforfoeaill
three networks, while for cue-P3 and CNV amplitudely the orienting network could
be analyzetf. That is, for cue-P3, target-P3 as well as for CAtuplitudes repeated
measure ANOVAs were calculated with the within-gabjfactors TIME, STRESS and
ORIENTING and the between-subject factor GROUP. tawget-P3 amplitudes, in
addition ANOVAs were calculated including the witksubject factor ALERTING or
CONFLICT instead of ORIENTING.

%1 As for the performance data, analysis methodsRi? Hata related to the attention networks was also
based on Kratz et al. (Kratz, Studer, Malcherelal.e2011).

%2 As in the preparatory interval no cue-P3 or CN¥lisited if no cue is presented, the NoCue coaditi
was not analyzed for these processing stages.eANdiCue condition is needed to analyze alerting
effects, alerting effects could not be calculatdted to cue-P3 and CNV measures. As the conflict
measure is related to target stimuli it cannotiteyezed for the cue-P3 and CNV which occur before
target stimuli are presented.
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TMS

Repeated measure ANOVAs with the within-subjecttdacTIME and the

between-subject factor GROUP were calculated stgarar SICI and ICF measures.
3.2.4.5 Statistics: assessments during training

Satisfaction with life situation

The scores obtained from the satisfaction withditaation ratings of a participant
were averaged across all training sessions un@éctalj to a one-way ANOVA with the
between-subject factor GROUP.

Evaluation scales

One-way ANOVAs with the between-subject factor GROWere calculated for
participants’ ratings on the expected effect oinireg on attention (item 1) and well-
being (item 2) as well as for their satisfactionhathe training (average score of items 6
to 13).

3.2.4.6 Statistics: self-regulation abilities inth  eta/beta and SCP training

One-sided Student’s t-tests were applied for thadyars of training effects related
to self-regulation abilities as well as to estdbbsrelation between good/bad performers
and behavioral or ERP measures. Because using emggalit resulted in very small
group sizes for analysis, outliers were not exdli@xcept in special cases where it is
specifically stated in the results section. Resultsbe reported on the one hand based
on the significance leved < .05 as well as fop < .01 in order to somewhat account for
multiple testing (Bonferroni correction was consatk too strict and therefore not
appropriate for this analysis). Due to multipletiteg trends (p< .10) will not be
considered.
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4 Results

4.1 Self-report measures (pre-post)

4.1.1 Brown Scale: Attention

For the total score of the Brown Scale (see Fidhrethe repeated measure

ANOVA revealed a trend for the factor TIME((,65) = 2.98,p < .10, npz = .04)
indicating a trend towards reduced values at p@&sistrement, i.e. increased attention.
However, no significant interaction of TIME x GROUF(3,65) = .60, n.s.) was
obtained denoting no significant difference in imygment of attention from pre to post
between groups. In addition, no significant effeets present for the factor GROUP
(F(3,65) = .91, n.s.), i.e. there were no significgwatup differences in general regarding

attention as measured with the Brown Scale.
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Figure 6. Brown Scale.

For the pre- and post-assessment, the mean total score of the Brown Scale is depicted for each group. If
smaller scores are observed at post-assessment these indicate improved attentional abilities. Left:
lllustration of the comparison of pre-post changes in the mean total score of the Brown Scale between
groups. Right: lllustration of the comparison of the change from pre- to post-assessment per group
including error bars. Pre: pre assessment, post: post assessment, F: theta/beta training group, S: slow
cortical potential training group, A: adaptive neurofeedback group, C: control training group.

Note. In principle both figures depict exactly the same data. However, in order to allow for a clear
illustration of both comparisons of pre-post changes between groups as well as pre-post change within a
group, both types of figures are displayed. This procedure was also applied in the following results section.

When looking at effect sizes, only small effectsavebserved (see Table 4). A
small effect was obtained for the SCP (SCP vs. CObhen’sd = .25) and ANF group
(ANF vs. CON: Cohen’sl = .41) compared to the CON group. Comparison fecef
sizes for pre-post changes between NF groups yieddwll effects for the ANF group
in comparison to the FQ and SCP groups (FQ vs. ANffien’sd = -.35, SCP vs. ANF:
Cohen’sd = -.23).
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4.1.2 Adjective checklist EWL-N: Attention and well  -being

For each group, mean scores at pre- and post-asseisfor all subscores of the
EWL-N are depicted in Table 3. The repeated mea®NOVA for the subscale
concentration yielded a significant interactionTéfE x GROUP E(3,65) = 2.86p <
.05,;7|02 =.12) while the factors TIMBH(1,65) = 1.14, n.s.) and GROUP(8,65) = .76,
n.s.) did not reach significance.

Post-hoc tests based on paired comparisons revegjedicant effects for the
ANF compared to the FQ (TIME x GROUP for ANF vs.:F)1,33) = 5.58p = .024,
;7,,2 = .15) and CON group (TIME x GROUP for ANF vs. CON1,30) = 5.35p =
.028, npz = .15). In addition, trends were obtained for 8€&P compared to the FQ
(TIME x GROUP for SCP vs. F@(1,35) = 2.90p = .098,;1|02 =.08) and CON group
(TIME x GROUP for SCP vs. CONE(1,32) = 3.28p = .080,7,2 = .09). These effects
were related to pre-post increases in concentraticthe ANF group in combination
with a decrease in the FQ and CON groups and htshgrease in the SCP group. No
significant results were obtained for the FQ coradato the CON group (TIME x
GROUP for FQ vs. CONE(1,31) = .22, n.s.) and for the SCP compared toAlNE
group (TIME x GROUP for SCP vs. ANR:(1,34) = .26, n.s.). However, when
applying Holm-Bonferroni correction, no significamésults were obtained as the

smallestp value was larger than .05/ 6.

A trend for the interaction of TIME x GROUIF(3,67) = 2.66p < .10,;7,,2 =.11)
was obtained for the subscale deactivation, busigoificant effect were obtained for
the factors TIMEF(1,67) = 2.25, n.s.) and GROUP(8,67) = 1.15, n.s.).

Post-hoc tests based on paired comparisons yisidedicant effects for the FQ
and ANF compared to the CON group (TIME x GROUPFQ vs. CON:F(1,34) =
6.26,p = .017,,% = .16; TIME x GROUP for ANF vs. CONE(1,33) = 4.27p = .047,
;7,,2 =.12), and a trend for the SCP compared to th&l @@up (TIME x GROUP for
SCP vs. CONF(1,32) = 3.53p = .070,;7p2 = .10). These post-hoc effects were mainly

related to an increase in deactivation in the CQblug. No significant results were
obtained for the FQ compared to the SCP (TIME x GRQAor FQ vs. SCPE(1,34) =
.16, n.s.) and ANF group (TIME x GROUP for FQ vN& F(1,35) = .43, n.s.), and
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Table 3

Adjective checklist EWL-N

EWL Pre Post
Concentration
FQ 4.67+1.14 4.06 +1.51
SCP 4.11 +1.33 4.32 +1.49
ANF 453+£1.12 5.00 +1.32
CON 4.93+1.16 4.07 +£1.83
Deactivation
FQ 3.05+3.98 2.63+£3.02
SCP 2.59 +3.36 2.65+£3.33
ANF 2.44 +3.03 267+421
CON 3.00 £3.76 5.65 +4.47
Self-confidence
FQ 4.32 +2.45 347241
SCP 474 £231 421 £251
ANF 433+2091 5.00 £2.25
CON 4.29 +2.69 3.65 £ 2.57
Mood
FQ 10.37 £4.02 8.00 +4.68
SCP 11.05+4.21 11.05£3.76
ANF 9.67 +4.58 10.67 £3.85
CON 10.65 £5.10 8.71+4.84
Sensitiveness
FQ 1.63+£1.42 1.68+£1.42
SCP 1.53+1.26 .95+1.18
ANF 1.61+£1.54 1.44+£1.34
CON 1.59+£142 1.94£1.39
Dejection
FQ 2.05+2.90 1.53+£2.59
SCP 2.00 £2.87 .67 £1.50
ANF A40+.74 .60+1.84
CON 1.67+£2.35 273+281

Note. For each group the mean score (and SD) of each subscale of the EWL-N are depicted at both pre-
and post-assessment. If for the subscales concentration, self-confidence, and mood higher scores are
observed at post-assessment these indicate an improvement in the respective subscale, while for the
other subscales it is the other way round. FQ: theta/beta training group, SCP: slow cortical potential
training group, ANF: adaptive neurofeedback group, CON: control training group.

for the SCP compared to the ANF group (TIME x GRCOIPSCP vs. ANFF(1,33) =
.02, n.s.). Yet, when applying

Holm-Bonferroni correction, no significant resuligere obtained as the smallgst

value was larger than .05 / 6.
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No significant results were obtained for the sulescaelf-confidence, mood, and
sensitiveness (e.g. TIME(1,69) < 2.13p > .15; TIME x GROUPF(3,69) < 1.96p >
1.2).

Regarding dejection, no significant effects weresasbbed for TIME and the
interaction of TIME x GROUP, but general group elifnces were present (GROUP:

F(3,63) = 2.82p < .05,5,2 = .12).

Post-hoc tests based on paired comparisons revsigleficantly lower dejection
in the ANF group compared to the FQ (GROUP for AW FQ:F(1,32) = 4.89p =

.034,%2 =.13), and CON group (GROUP for ANF vs. Caf{1,28) = 8.68p = .006,
npz = .24), as well as a trend for smaller dejectiorthe ANF compared to the SCP

group (GROUP for ANF vs. SCH®(1,31) = 3.42p = .070,;7,)2 = .10). No significant
results were obtained for the FQ compared to th® $GROUP for FQ vs. SCP:
F(1,35) = .60, n.s.) and CON group (GROUP for FQG®N: F(1,32) = .35, n.s.), and
for the SCP compared to the CON group (GROUP foP $& CON:F(1,31) = 2.11,
n.s.). The group difference between the ANF and Q@iNip remained significant after
Holm-Bonferroni correction ap < .05 / 6 indicating higher dejection in the CON

compared to the ANF group.

For the adjective check-list, a more differentiattprn was obtained when looking
at effect sizes (for precise effect size valueagdeefer to Table 4).

For the FQ group a small effect size was obsergeddjection and a large effect
size for deactivation compared to the CON groupthen SCP group in comparison to
the CON group a small effect size was present foodn while medium effect sizes
were obtained for concentration, deactivation, seesess, and dejection. In the ANF
group compared to the CON group, effects were ptefae all subscales with small
effect sizes for self-confidence, sensitivenessl dejection, medium effect sizes for

deactivation and mood, and a large effect sizedoicentration.

Regarding effect size measures for the three NRipgofor concentration a
medium effect was observed in the SCP and comparéde FQ group, and a large
effect for the ANF compared to the CON group. Hffeéize measures for deactivation
yielded a small effect for FQ compared to ANF. Belf-confidence a medium effect

emerged for the ANF compared to the FQ group arsimall effect for the ANF
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compared to the SCP group. Regarding mood, a kffget was observed for the ANF

compared to the FQ group and small effects forS36& compared to the FQ and the
ANF compared to the SCP group. Small effects foisgiweness were observed in the
SCP compared to the FQ and ANF groups. For dejeetimedium effect was obtained
for the SCP compared to the ANF group and smadice$fwere obtained for the SCP
compared to the FQ group and for the FQ comparduetédNF group.

4.1.3 Profile of Mood States: Mood

For each group, mean scores at pre- and post-asmssgor the subscales
dejection, fatigue, and displeasure of the POMSdamcted in Figure 7, while for the
subscale vigor data are displayed in Figure 8. rEpeated measure ANOVAs for the
subscales dejection, fatigue and displeasure redeab significant effects (TIME:
F(1,62) < .99,p > .32; TIME x GROUPF(3,62) < .53p > .66; GROUPF(3,62) <
1.65,p > .18).

For the subscale vigor a significant effect wasawtad for TIME £(1,65) = 8.40,

p= .005,;1,[,2 =.11) denoting a decrease of vigor from pre tst ssessment. However,
no significant interaction of TIME x GROUIF(3,65) = 1.88, n.s.) was obtained, i.e. no
significant differential effects of type of traimgron vigor were observed. In addition, no
general groups differences were present regartimgubscale vigor (GROUFP(3,65)
=.32,n.s.).

Effect sizes yielded a more differential patteror (precise effect size values
please refer to Table 4). Compared to the CON gsongll effect sizes were obtained
for the subscale dejection in the SCP and ANF grdupe subscale fatigue yielded
small effect sizes for each of the three NF groupmpared to the CON group.
Regarding the subscale displeasure, small effeeissivere obtained for the FQ and
SCP group compared to the CON group. For the siédbsogor a medium effect size
emerged for the ANF compared to the CON group.

Regarding effect size measures for the three NRipgosmall effects were
observed for dejection in the SCP and ANF compswetie FQ group while no effects
were present for fatigue. In addition, small eféeatere observed for displeasure in the
FQ and SCP compared to the ANF group. Regardingr vaglarge effect was present in
the ANF compared to the FQ group and a medium eféedhe ANF compared to the
SCP group.
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Figure 7 . Adjective checklist EWL-N: Dejection, fatigue, displeasure

For the subscales dejection (top), fatigue (middle), and displeasure (bottom) the mean score at pre- and
post-assessment is depicted for each group. If smaller scores are observed at post-assessment these
indicate an improvement in the respective scale. Right: error bars are included. F: theta/beta training
group, S: slow cortical potential training group, A: adaptive neurofeedback group, C: control training group.
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Figure 8. Adjective checklist EWL-N: Vigor

For the subscale vigor the mean score (and STD) at pre- and post-assessment is depicted for each group.
If larger scores are observed at post-assessment these indicate an increase in vigor. Right: error bars are
included. F: theta/beta training group, S: slow cortical potential training group, A: adaptive neurofeedback
group, C: control training group.

4.1.4 HAKEMP-90: Action control after failure and p  rospective

For each group, mean scores at pre- and post-assastor the subscales AOF
and AOP of the HAKEMP-90 are depicted in Figure Far the subscales action
orientation after failure and prospective actionewtation the respective repeated
measure ANOVA revealed a significant effect for HMAOF: F(1,67) = 30.03p <
.001,77|D2 = .31; AOP:F(1,68) = 16.61p < .OOl,;yp2 = .20) indicating an improvement
with training. As no significant interaction of TBI1x GROUP E(3,68) = .99, n.s.) was
obtained, this improvement was not significantliated to the type of training.

Analysis of effect sizes (see Table 4) yielded fiects for the subscale AOF in
all three neurofeedback groups compared to the @@Mp. For the subscale AOP
compared to the CON group a medium effect was oétain the FQ group (FQ vs.
CON: Cohen’'dd = .55) and small effects in the SCP (SCP vs. CObhen’sd = .29)
and ANF (ANF vs. CON: Cohen@=.48) groups.

Comparison of effect sizes for the pre-post chamdéise different NF groups did
not yield effects for neither subscale.
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Figure 9 . Action orientation after failure and prospective

For the subscales AOF (top) and AOP (bottom) of the self-report measure HAKEMP-90 the mean score at
pre- and post-assessment is depicted for each group. If larger scores are observed at post-assessment
these indicate an increase in action orientation. Right: error bars are included. F: theta/beta training group,
S: slow cortical potential training group, A: adaptive neurofeedback group, C: control training group, AOF:
action orientation after failure, AOP: prospective action orientation.

4.1.5 Self-access questionnaire: Self-access
Self-access was observed to increase from predbtgoning (TIME:F(1,64) =

4.49,p < .05,;1,,2 =.07) independent of the type of training (TIMESROUP:F(3,64) =
.91, n.s.). The data are depicted in Figure 10.

Effect sizes (see Table 4) denoted a small effettie SCP group compared to the
CON group (SCP vs. CON: Cohenls= .33) while no effects were observed for the FQ
and ANF groups compared to the CON group.

Furthermore, a medium effect size was obtainetienSCP (FQ vs. SCP: Cohen’s
= -.53) compared to the FQ group, and small esfémt ANF (FQ vs. ANF: Cohend
= -.34) compared to the FQ group and for the SAPP(S8s. ANF: Cohen’sl = .29)
compared to the ANF group.
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Figure 10 . Self-access

The mean score (and STD) at pre- and post-assessment is depicted for each group. If larger scores are
observed at post-assessment these indicate an increase in self-access. Right: error bars are included. F:
theta/beta training group, S: slow cortical potential training group, A: adaptive neurofeedback group, C:
control training group.

4.1.6 Perceived Stress Scale: Perceived stress

The repeated measure ANOVA vyielded no significdfdgces for perceived stress
(TIME: F(1,59) =.01, n.s. ; TIME x GROUIF(3,59) = 1.31, n.s.; see Figure 11).

Effect sizes (see Table 4) revealed no effectlerBQ group, a small effect for
the SCP group (SCP vs. CON: Cohet's .37) and a medium effect for the ANF group
(ANF vs. CON: Cohen’sl = .67) compared to the CON group.
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Figure 11 . Perceived Stress Scale

The mean score at pre- and post-assessment is depicted for each group. If smaller scores are observed at
post-assessment these indicate reduced perceived stress. Right: error bars are included. F: theta/beta
training group, S: slow cortical potential training group, A: adaptive neurofeedback group, C: control
training group.

Regarding the comparison of effect sizes for thegwst changes of the different
NF groups a medium effect size was obtained forAN& compared to the FQ group
(FQ vs. ANF: Cohen’'sd = -.59). Small effect sizes were observed for 8@P
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compared to the FQ group (FQ vs. SCP: Cohens -.29) as well as for the ANF
compared to the SCP group (SCP vs. ANF: Coher's.32).

4.1.7 Summary of effect size measures for all self- report measures

Table 4

Effect sizes (Cohen’s d) based on self-report measures

FQ CON SCP_CON ANF. CON FQ SCP FQ ANF  SCP_ANF

Brown Scale .09 .25 A1 -17 -.35 -.23
POMS
Dejection -.06 .30 .25 -.32 -.27 .10
Fatigue .29 .29 21 .03 A1 .09
Displeasure .27 .38 .09 -.02 .20 .29
Vigor .05 A7 .66 -.16 -.81 -.67
EWL-N
Concentr. .16 .62 81 -.56 -.80 -7
Deactivation .83 .64 .69 13 .22 .05
Self-confid. -.06 .04 41 -12 -.55 -43
Mood -.08 .33 .60 -.49 -91 -.22
Sensitiven. A7 .61 .35 -.40 -14 .35
Dejection .45 .70 .32 -.22 .25 .54
HAKEMP-90
AOF .10 .06 .05 .04 .04 .00
AOP .55 .29 .48 .18 .04 -14
Self-access -.18 .33 A2 -.53 -.34 .29
PSS .08 .37 .67 -.29 -.59 -.32

Note. Effect size measures (Cohen'’s d) are depicted for all self-report measures for the comparison of pre-
post change scores between groups. Positive values of effect sizes indicate a larger improvement (or
smaller decline) in the group mentioned first compared to the group mentioned second. Black numbers
indicate small effect sizes, black bold numbers medium effect sizes, and black bold underlined numbers
large effect sizes, while grey numbers indicate no effect. FQ: theta/beta training group, SCP: slow cortical
potential training group, ANF: adaptive neurofeedback group, CON: control training group, Concentr.:
concentration, Self-confid.: self-confidence, Sensitiven.: Sensitiveness, HAKEMP-90: action orientation
self-report measure, AOM: action orientation after failure, AOP: prospective action orientation, PSS:
Perceived Stress Scale.
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4.2 Performance (pre-post)

4.2.1 Game of darts

Darts performance (mean darts score, see Figuréené®ased from pre to post
training (TIME: F(1,67) = 22.29p < .001,77p2 = .25) and this increase tended to be
stronger in the condition WithStress (TIME x STREEEL,67) = 2.93p < .10,;1p2 =

.04). However, the increase in darts performanoenfpre to post did not depend
significantly on the type of training (TIME x GROUF(3,67) = .89, n.s.) and no
significant effect was observed for STRE$E1(67) = .30, n.s.).
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Figure 12 . Darts performance

The mean score at pre- and post-assessment is depicted for each group (values are averaged over the
NoStress and WithStress conditions). If larger scores are observed at post-assessment these indicate
improved darts performance. Right: error bars are included. F: theta/beta training group, S: slow cortical
potential training group, A: adaptive neurofeedback group, C: control training group.

For the overall darts performance, effect sizee (Bable 7) revealed medium
effect sizes for the CON compared to the SCP (SE€FCON: Cohen’'sl = -.43) and
ANF groups (ANF vs. CON: Cohents= -.40).

The comparison between neurofeedback groups releaiall effects for the FQ
compared to the SCP (FQ vs. SCP: Cohen’s .32) and ANF groups (FQ vs. ANF:
Cohen’sd = .29).

For darts performance related to the NoStress ailStvess conditions effect
sizes indicated a medium effect for the CON conmghae the SCP group in the
NoStress condition (SCP vs. CON: Cohed’s -.56) and a small effect in the CON
compared to the ANF group in the WithStress coodijANF vs. CON: Cohen’d =
-.49). Both effects were related to a larger prstpmprovement in darts performance in
the CON group.



HU|Page Results

Effect sizes related to the comparison of dart$operance between NF groups
yielded small effect sizes in the FQ and ANF corefao the SCP group (FQ vs. SCP:
Cohent'sd = .48; SCP vs. ANF: Cohent = -.44) in the NoStress condition. In the
WithStress condition small effect sizes were oladifor the FQ and SCP compared to
the ANF group (FQ vs. ANF: Cohends= .42; SCP vs. ANF: Cohents= .42).

4.2.2 Working memory task

Subjects improved their working memory performaffo@an number of correct
responses; see Figure 13 and Table 5) from predbtaining (TIME:F(1,67) = 93.51,

p < .001,;7|O2 = .58), but this improvement was not affected iicgmtly by the type of
training (TIME x GROUPF(3,67) = 1.01, n.s.).
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Figure 13 . Working memory performance

The mean score at pre- and post-assessment is depicted for each group (values are averaged over the
lower and higher load conditions). If larger scores are observed at post-assessment these indicate
improved working memory performance. Right: error bars are included. F: theta/beta training group, S:
slow cortical potential training group, A: adaptive neurofeedback group, C: control training group.

Performance was better for lower compared to higlibt load (LOAD: F(1,67)

=93.80p< .001,;1p2 = .58) while emotional content of stimuli had ngrsficant effect

on performance (EMOTIONZ(2,134) = .52, n.s.). However, no significant iattrons

including the factor LOAD (e.g. TIME x LOALCE(1,67) = 2.62, n.s.; TIME x LOAD x
GROUP:F(3,67) = .43, n.s.) or EMOTION (e.g. TIME x EMOTION(2,134) = .12,

n.s.; TIME x EMOTION x GROUPE(6,134) = 1.60, n.s.) were obtained.

At the level of effect sizes (see Table 7) relatedoverall working memory
performance (i.e. averaged over lower and highad lconditions) a small effect was
observed in the FQ compared to the CON group (F@@N: Cohen’'sl = .33) and in
the CON compared to the SCP group (SCP vs. CONesH = -.25).
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For the comparison between neurofeedback groupsedium effect size was
obtained in the FQ compared to the SCP group (FB€#: Cohen’sl = .50) and a
small effect size in the ANF compared to the SCugr(SCP vs. ANF: Cohen$ =
-.35).

Regarding effect size measures related to workimgnary load small effects
were observed for the FQ compared to the CON gnotipe higher load condition (FQ
vs. CON: Cohen’sl = .28), for the ANF compared to the CON grouphie lower load

Table 5

Working memory performance

Pre Post

Lower load Higher load Lower load Higher load
FQ 18.92 +2.47 16.50 + 2.44 20.50 + 2.56 19.03 +3.12
SCP 20.06 + 2.66 17.64 £2.01 20.83 +2.63 19.58 £2.19
ANF 19.12 £1.79 16.53 +2.74 21.12+1.88 18.76 +3.14
CON 19.62 +1.90 17.26 +2.54 21.12+1.77 19.15 £2.04

Note. For each group mean values (and SD) for the lower and higher working memory load conditions are
depicted at both pre- and post-assessment. If higher values are observed at post-assessment these
indicate improved working memory performance. FQ: theta/beta training group, SCP: slow cortical
potential training group, ANF: adaptive neurofeedback group, CON: control training group.

condition (ANF vs. CON: Cohend = .21), as well as for the CON compared to the
SCP group in the lower load condition (SCP vs. CGbhen’sd = -.36).

Comparisons between NF groups revealed small sffectthe FQ compared to
the SCP group in both load conditions (FQ vs. S&¥et / higher load: Cohents= .40
/ Cohen’sd = .32) and a small effect for the FQ comparedh® ANF group in the
higher load condition (FQ vs. ANF: Coherls .27). In addition, a medium effect sizes
was obtained for the ANF compared to the SCP ghotipe lower load condition (ANF
vs. SCP: Cohen'd = -.54).
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4.2.3 Attention Network Test

4.2.3.1 ANT performance: basic parameters

Regarding the basic performance parameters of tN& Asee Table 6), no
significant change was observed from pre to pastssnent for the number of correct
responses (TIMEF(1,61) = 1.19, n.s.; TIME x GROUHM(3,61) = .84, n.s.), but
subjects had more hits in the NoStress comparduetdVithStress condition (STRESS:

F(1,61) = 16.17p < .001,,2 = .21).

Mean reaction time decreased from pre to post sssed (TIME: F(1,64) =
26.74,p < .001,5,2 = .30) and was shorter for the WithStress conui8TRESS:
F(1,64) = 41.79p < .001,;1,;,2 = .40). Furthermore, a trend was obtained for the
interaction of TIME x GROUPH(3,64) = 2.24p < .10,;7|02 =.10). Post-hoc tests based
on paired comparisons revealed a significantly dardecrease in RT in the FQ
compared to the SCP group (TIME x GROUP for FQSGP:F(1,33) = 5.86p = .021,
npz =.15) as well as a trend for a larger decreaskar-Q compared to the CON group
(TIME x GROUP for FQ vs. CON=(1,31) = 3.12p = .087,;7,,2 = .09). No significant
results were obtained for the FQ compared to th& ghdup (TIME x GROUP for FQ
vs. ANF:F(1,32) = 1.13, n.s.), for the SCP compared to thi&-ATIME x GROUP for
SCP vs. ANF:F(1,33) = 2.35, n.s.) and CON group (TIME x GROUP &CP vs.
CON: F(1,32) = .37, n.s.), and for the ANF compared te @ON group (TIME x
GROUP for ANF vs. CONF(1,31) = .75, n.s.). However, no significant resuwitere

obtained after Holm-Bonferroni correctionm#alues as the smallgst- .05 / 6.
Variability of reaction times significantly decreasfrom pre to post assessment
(TIME: F(1,64) = 15.94,p < .001, ;7,,2 = .20), was significantly smaller for the

WithStress condition (STRES$(1,64) = 10.80p < .01,77.32 = .14), and decreased
significantly more for the NoStress condition (TIMESTRESSF(1,64) = 4.60p <

.05, ;7p2 = .07). No significant TIME x GROUP interaction(864) = .35, n.s.) was
obtained for the variability of reaction times.

For a summary of effect size measures related #&sethbasic performance

parameters of the ANT the reader is referred tdel'db
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Table 6

Attention Network Test performance
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Pre Post
NoStress WithStress NoStress WithStress

Hits

FQ 95.00 +1.22 94.88 + .93 95.41 +.71 94.76 + 1.35

ScP 94.81 +1.05 94.50 +1.15 94.94 +1.57 94.63 +1.09

ANF 95.41 + .80 94.41 +1.28 95.18 +.73 94.35 +1.46

CON 94.40 +1.40 94.47 +1.51 95.13 + .92 94.60 +1.55
RT

FQ 42614 +32.07  417.22+32.83  400.19 +33.28 392.36 +27.73

ScP 415.07+41.41  407.38+39.15  408.87 £46.41  402.81 +43.70

ANF 411.38+26.83  402.08+27.47  392.96+28.89  383.47 +34.26

CON 419.14+36.81  409.51+36.14 40454 +2920  401.45+29.85
RTV

FQ 72.84 +16.91 64.44 +13.97 59.96 +19.81 55.93 + 9.57

Scp 75.59 + 22.07 63.33+15.15 62.74 + 23.87 64.42 +21.30

ANF 69.85 +18.71 63.25 +13.17 58.46 + 9.88 56.99 +11.16

CON 73.97 £19.72 69.75 + 20.74 67.13+15.77 64.62 +19.98
Alerting

FQ 17.79 +18.45 12.07 +20.33 13.10 +15.34 11.88 +16.06

ScP 16.89 +23.04 11.83+17.35 16.06 + 14.04 9.67 +14.65

ANF 14.19 + 16.86 4.44 +14.00 13.81 +16.72 11.56 +13.16

CON 6.81 + 23.06 2.39+23.43 15.24 +19.60 9.53+17.72
Orienting

FQ 24.13 +21.10 19.24 +15.91 22.37 +12.96 18.32+ 9.67

ScP 15.53 + 15.65 20.44 + 9.84 12.06 + 7.15 12.51+11.88

ANF 14.90 +18.18 24.94 +12.05 13.74 +10.33 16.01 +10.32

CON 23.48 +24.08 22.88 +16.89 19.44 +11.88 21.73+18.21
Conflict

FQ 63.32 +22.63 60.69 +18.68 55.08 +11.82 50.50 + 9.84

ScP 67.74 +14.93 61.91 +14.35 58.17 +18.23 55.26 +19.50

ANF 59.48 +10.93 62.73 +19.14 53.85 +15.49 58.41 +17.05

CON 67.15 +26.28 59.88 +23.18 54.19 +21.96 53.73 +25.53

Note. For each group the mean score (and SD) of each measure of the ANT are depicted at both pre- and
post-assessment. If for hits higher scores, for RT, RTV, and the attention networks lower scores are
observed at post-assessment these indicate an improvement in the respective measure. FQ: theta/beta
training group, SCP: slow cortical potential training group, ANF: adaptive neurofeedback group, CON:
control training group, ANT: Attention Network Test, RT: reaction time, RTV: variability of reaction time.
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4.2.3.2 ANT performance: alerting, orienting, and ¢ onflict

Concerning the attention networks, the followingulées were obtained. An
alerting effect was present in the performance @atlERTING: F(1,64) = 69.22p <

.OOl,an = .52) which was related to shorter reaction timnethe NeutralCue compared

to the NoCue condition. In addition, a significafifiect was obtained for the interaction

of ALERTING x STRESSK(1,64) = 9.06p < .01,;7p2 = .12) as alerting scores were
smaller in the WithStress compared to the NoStoesslition. However, no training
related changes in alerting were observed (e.g ETMWALERTING: F(1,64) = .68, n.s.;
TIME x ALERTING x GROUP:F(3,64) =1.14, n.s.).

Furthermore, an orienting effect was obtained fbe tperformance data

(ORIENTING: F(1,64) = 288.06p < .001,71p2 = .82) which was related to shorter
reaction times in the SpatialCue compared to thetdd&Cue condition. The orienting

score decreased from pre to post assessment (TIMEIENTING:F(1,64) = 4.74p <

.05, 7,2 = .07) as reaction times decreased more in ther&l@ue compared to the
SpatialCue condition. Yet, type of training had significant effect on the orienting
score (e.g. TIME x ORIENTING x GROUHME(3,64) = .38, n.s.). No significant
interactions including the factors ORIENTING and REISS were obtained (e.g.
ORIENTING x STRESSF(1,64) = .86, n.s.).

Similarly, for the conflict network a significantfect was present for CONFLICT

(F(1,64) = 1071.01p < .001,;7p2 = .94) which was associated with shorter reaction
times for congruent compared to incongruent trists.addition, the conflict score
decreased from pre to post assessment (TIME x CONFELF(1,64) = 18.12p < .001,

npz = .22) as reaction times decreased more in incamgrcompared to congruent trials.
However, type of training had no significant effect the conflict score (e.g. TIME x
CONFLICT x GROUP:F(3,64) = .31, n.s.). No significant interactiongluding the
factors CONFLICT and STRESS were obtained (e.g. EDNT x STRESSF(1,64) =
2.10, n.s.).

For a summary of effect size measures relatedetpéinformance data of the ANT
at the level of the attention networks the readeeferred to Table 7.

In summary, the significant effects for ALERTING, REENTING and
CONFLICT demonstrated that the ANT exerts the @elsimodulating effects on
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attention network related reaction time measuregtwis an important basis for the
analysis of training effects on these attentionwoet measures. However, no
significant interactions of ALERTING/ORIENTING/CONKCT x TIME x GROUP

were observed indicating that alerting, orientiagd conflict were not significantly

altered related to the type of training performed.
4.2.4 Summary of effect size measures for all perfo  rmance data

Table 7

Effect sizes (Cohen’s d) based on performance measures

FQ_CON SCP_CON ANF_CON FQ_SCP FQ_ANF SCP_ANF
Darts
total -.15 -43 -.40 .32 .29 -.01
n/w -10/-.14 -56/-.17 -15/-.49 4817 .02 .05/ .42 -44 ] .42
WM
total .33 -.25 .15 .50 A7 -.35
low/high .101/7.28 -.36/.01 .217.01 4017.32 -.06/.27 -54/-01
ANT n/w
Hits t -.28 -.33 -.63 .02 27 27
Hits n/w -24/-15 -.39/.00 -79/-12 .18/-.14 .52 /-.04 24/ .11
RTt .61 -21 .30 .82 .36 -.52
RT n/w 0.48 /.67 -29/-12 A71.37 .80/.79 441 .26 -51/-48
RTVt .34 -.01 21 .26 .16 -.16
RTV n/w 37117 .25/-.27 .25/.06 .00/ .48 .09/.17 .06/-.39
Alerting t 48 43 .24 .05 42 .35
Alerting n/w .45/ .32 .31/.39 .33/.00 .15/-.10 .20/ .42 .02/1.50
Orienting t -.08 .22 .18 -.30 -.27 .06
Orienting n/w -.09/-.01 -.02 /.37 -13/.47 -.07/-.38 .03/-.49 A2 /-.07
Conflict t -.02 -.09 -.27 .08 .28 .22
Conflict n/w -.20/.22 -15/.03 -.34/-.09 -071.24 141.30 .23/.13

Note. Effect size measures (Cohen’s d) are depicted for all performance measures for the comparison of
pre-post change scores between groups. Positive values of effect sizes indicate a larger improvement (or
smaller decline) in the group mentioned first compared to the group mentioned second. Black numbers
indicate small effect sizes, black bold numbers medium effect sizes, and black bold underlined numbers
large effect sizes, while grey numbers indicate no effect. FQ: theta/beta training group, SCP: slow cortical
poential training group, ANF: adaptive neurofeedback group, CON: control training group, t: total score (ie.
based on data averaged over NoStress and WithStress conditions), n: NoStress condition, w: WithStress
condition, ANT: Attention Network Test, RT: reaction time, RTV: variability of reaction time.
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Table 8

Resting EEG measures

Pre Post

Fz Cz Pz Fz Cz Pz

Theta

FQ 1.15+.23  124+25  124+31  116+.23 127+ .27  125+.28
SCP 117+22  123+.21  1.29+.25 124+26 134+ .24  132+.30
ANF  121+22  1.30:.25 126+.20 1.25%.22  130+.18 1.34:.21
CON  118+25 1.20+.25 1.20+.24 121+.26  1.24%+.32  1.20%.30
Alpha
FQ 1.12+.29  121+30 155+.47  116+.32  128+.32  1.69+.58
SCP 109+.24 129+.38 1.79+.63  118+.30 134+ .40  1.78+.50
ANF 119+ .34 1.38 + .43 1.75 + .68 1.36 + .50 1.57 + .59 2.10 +.93
CON  111+31  119+.34 156+.52 122+31 134+ .45  171+.63
Beta
FQ 99+.19  1.04+.21  1.23+.24 97+.14  104+.14  123+.19
SCP 109+.24  119+.24 146+.36  114+30 125+ .29  1.45%.37
ANF 113+ .28 1.19 + .34 1.40 + .43 1.14 +.28 1.24 + 37 1.46 + .47

CON  106+.25 1.08 +.27 1.28 +.32 1.10 + .26 1.13 + .34 1.33+.36

Note. For each group mean EEG activity (in yV, and SD) in each frequency band at both pre- and post-
assessment is depicted for electrode sites Fz, Cz, and Pz. FQ: theta/beta training group, SCP: slow
cortical potential training group, ANF: adaptive neurofeedback group, CON: control training group.

4.3 Neurophysiological results (pre-post)

4.3.1 Resting EEG

The eyes-open resting EEG measures are depictEabie 8. From pre to post a
significant increase in theta activity was obserfBME: F(1,63) = 6.85p < .05,;7p2 =
.10) which was not significantly affected by typetining (TIME x GROUP¥F(3,63)
=.81, n.s).

Alpha activity increased from pre to post trainifigME: F(1,60) = 18.84p <
.001,;7|02 = .24). In addition, for the alpha band a sigmaifit interaction of TIME x
ELECTRODE x GROUPHK(6,120) = 2.90p = .024,;7p2 = .13). Post-hoc tests were
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based on separate ANOVAs calculated for each eldetriNo significant interaction of
TIME x GROUP was obtained for electrode F£3,60) = 1.23p = .307, n.s.) and Cz
(F(3,60) = 1.52p = .219, n.s.). For Pz a significant interactionTd¥lE x GROUP was

observed E(3,60) = 2.92p = .041,;7|02 = .13) which according to visual inspection
seemed to be related to a larger increase in aptidgty in the ANF group relative to
the other groups. Yet, when applying BonferroniiHes correction the interaction
obtained for electrode Pz no longer remained samt agp > .05/ 3.

A trend for an increase in beta activity from poepost was obtained (TIME:
F(1,61) = 2.86p < .10,;1,;,2 = .05) while type of training did not result infférential
pre-post effects (TIME x GROUF(3,61) = .62, n.s.).

Effect size measures are displayed in Table 9.

Table 9

Effect sizes (Cohen’s d) for resting EEG measures

FQ_CON SCP_CON  ANF_CON  FQ SCP FQ_ANF SCP_ANF
Theta (Cz) -.12] .41 |-.26] |-.54] .18 .60
Alpha (Pz) |-.03] -.57| 1.60] |.44| |-.54| |-1.06]
Beta (Cz) |-.38| 1.00| |-.08| -.37| |-.33| .08

Note. Effect size measures (Cohen’s d) are depicted for all resting EEG measures at the most relevant
electrode site for the comparison of pre-post change scores between groups. Positive values of effect
sizes indicate a larger increase (or smaller decrease) of activity in the respective frequency band in the
group mentioned first compared to the group mentioned second. Black numbers indicate small effect
sizes, black bold numbers medium effect sizes, and black bold underlined numbers large effect sizes,
while grey numbers indicate no effect. Effect sizes are depicted in brackets since it is not clear a change in
which direction constitutes an improvement. FQ: theta/beta training group, SCP: slow cortical poential
training group, ANF: adaptive neurofeedback group, CON: control training group.

4.3.2 Attention Network Test

4.3.2.1 CNV amplitudes
Regarding CNV amplitudes (see Figure 14 and Fid&jea significant effect was
observed for ORIENTINGK(1,57) = 63.82p < .001,;7p2 = .53) indicating larger CNV

amplitudes in the SpatialCue compared to the NELucondition. This finding shows
that cues exerted the intended effects on CNV duotas resulting in an orienting effect

on the level of CNV amplitudes. In addition, a tlemas obtained for STRESS5((,57)

=293p< .10,;7p2 = .05) which was related to a tendency for sma&id/ amplitudes
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Figure 14 . CNV amplitudes for the NF groups

Grand average ERPs (at Cz) during the preparation phase in the ANT are depicted for both pre- and post-
assessment for each NF group in order to illustrate CNV amplitudes. ERPs for NeutralCue and SpatialCue
trials are shown separately for the NoStress and WithStress conditions. At -1400 ms a cue was presented,
flanking fish appeared at -100 ms, and the target fish appeared at 0 ms. CNV was dertermined as the
mean area between -400 and -100 ms. FQ: theta/beta training group, SCP: SCP raining group, ANF:
adaptive neurofeedback group, CNV: contingent negative variation, ANT: Attention Network Test.

in the WithStress condition. But no significantaractions including the factor STRESS
were obtained (e.g. TIME x STRESS1,57) = 1.22, n.s.).
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Regarding changes in CNV amplitudes from pre ta p@sning no significant
effect was observed for TIMBF(1,57) = .34, n.s.). Yet, a trend was obtainedtler

interaction of TIME x GROUPH(3,57) = 2.57p < .10,77|o2 =.12).

Post-hoc tests based on pairwise comparisons eslesagnificant interaction
effects for the FQ compared to the CON group (TIMESROUP for FQ vs. CON:

CON PRE POST
pV|Cz pV|Cz
-6 -6 === NeutralCue n
= NeutralCue w
- . SpatialCue n
\ \
2. o]l ™ SpatialCue w /J\/\_\’"VM(
’\ /-“"\ﬂ‘
0 01 \y

1600  -1200 800 -abo 0 ms -1600  -1200 -8b0 -400 0 ms

Figure 15. CNV amplitudes for the CON group

Grand average ERPs (at Cz) during the preparation phase in the ANT are depicted for both pre- and post-
assessment for the CON group in order to illustrate CNV amplitudes. ERPs for NeutralCue and SpatialCue
trials are shown separately for the NoStress and WithStress conditions. At -1400 ms a cue was presented,
flanking fish appeared at -100 ms, and the target fish appeared at 0 ms. CNV was dertermined as the
mean area between -400 and -100 ms CON: control training group, CNV: contingent negative variation,
ANT: Attention Network Test.

F(1,29) = 8.71p = .006,;7|02 =.23), the SCP compared to the CON group (TIME x
GROUP for SCP vs. CONE(1,25) =5.47p = .028,;7p2 =.18), and the ANF compared

to the CON group (TIME x GROUP for ANF vs. COR(1,27) = 5.04p = .033,77p2
=.16) while no significant effects were obtainedtfte comparisons between NF groups
(TIME x GROUP for FQ vs. SCH+(1,30) = .01, n.s.; TIME x GROUP for FQ vs.
ANF: F(1,32) = .31, n.s.; TIME x GROUP for SCP vs. AN#¥1,28) = .15, n.s.).

These results indicated a tendency towards strangezases in CNV amplitudes
from pre to post in the three NF groups comparedh® CON group for which
amplitudes rather decreased. However, after Holmf&ooni correction ofp-values
only the effect obtained for the comparison of @ and CON group remained
significant agp < .05 / 6 while the next smallgstvalue did not meet the criterion pkK
.05/5.
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Table 10

Effect sizes (Cohens’ d) based on ERP measures during the ANT

FQ CON  SCP_.CON ANF CON  FQ_SCP FQ_ANF SCP_ANF
CNVn/w 66/1.01 571,84 87/.42 .00/ .06 -171.57 -15/ .45
Cue-P3n/w -22/.06 10/-.25 -.06/-.35 -45 /.30 -16/.41 .18/.03
Targ-P3n/w  -33/.05 -31/.08 -09/.26 .06 /-.03 -21/-21  -22/-14

Note. Effect size measures (Cohen’s d) are depicted for all ERP measures assessed during the ANT for
the comparison of pre-post change scores between groups. Positive values of effect sizes indicate a larger
increase (or smaller decline) of the respective measure in the group mentioned first compared to the group
mentioned second. Black numbers indicate small effect sizes, black bold numbers medium effect sizes,
and black bold underlined numbers large effect sizes, while grey numbers indicate no effect. FQ:
theta/beta training group, SCP: slow cortical potential training group, ANF: adaptive neurofeedback group,
CON: control training group, n: NoStress condition, w: WithStress condition, ANT: Attention Network Test,
Targ.-P3: target-P3.

As described above, an orienting effect was presgnthe level of CNV
amplitudes, but no significant interaction of eIgME x ORIENTING (F(1,57) = .01,
n.s.) or TIME x ORIENTING x GROUPHKZ3,57) = .39, n.s.) was obtained, i.e.

orienting did not change from pre to post.

Effect sizes based on CNV amplitutfesee Table 10) in the NoStress condition
revealed a medium effect for the FQ (FQ vs. CONh&xsd = .66) and SCP (SCP vs.
CON: Cohen’sd = .57) compared to the CON group as well as eelaftect for the
ANF (ANF vs. CON: Cohen’sl = .87) compared to the CON group. In the WithStres
condition large effect sizes were obtained for bibth FQ (FQ vs. CON: Cohents=
1.01) and SCP (SCP vs. CON: Cohe’s .84) group compared to the CON group, and
a small effect size for the ANF (ANF vs. CON: Colseth =.42) compared to the CON
group. These effects were mainly related to area®e in CNV from pre to post in the

respective NF group in combination with a decraageNV in the CON group.

Effect sizes for the comparisons between NF graepsaled no effects in the
NoStress condition. In the WithStress conditiomedium effect was obtained for FQ
(FQ vs. ANF: Cohen’'sl = .57) compared to ANF group, and a small effectSCP
(SCP vs. ANF: Cohen’sl = .45) compared to ANF group related to largerprst

% Effect size calculations were based on the avesh@NV amplitudes of the NeutralCue and
SpatialCue conditions, i.e. including all trials fshich CNV amplitudes could be calculated.
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increases in CNV amplitudes in the FQ and SCP gragmpared to no change in the
ANF group.

4.3.2.2 Cue-P3 amplitudes

For cue-P3 amplitudes a highly significant effemt ORIENTING was obtained
(F(1,57) = 31.78p < .001,;1,,2 = .36) indicating larger cue-P3 amplitudes in the
SpatialCue compared to the NeutralCue conditiores&hresults represent an orienting
effect at the level of cue-P3 amplitudes indicatimgt ANT network effects can also be
observed at the level of cue-P3 amplitudes. CuedRflitudes were not significantly
modulated by STRES$(1,57) = .28, n.s.) and no significant interactiomguding the
factor STRESS were obtained (e.g. TIME x STREB@Q:57) = .84, n.s.; TIME x

Theta/beta (FQ) PRE POST
pVv|Pz pV|Pz
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-4 -4 SpatialCue n
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Figure 16 . Cue-P3 amplitudes for the FQ and SCP group

Grand average ERPs (at Pz) during the preparation phase in the ANT are depicted for both pre- and post-
assessment for the FQ and SCP groups in order to illustrate cue-P3 amplitudes. ERPs for NeutralCue and
SpatialCue trials are shown separately for the NoStress and WithStress conditions. At -1400 ms a cue was
presented, flanking fish appeared at -100 ms, and the target fish appeared at 0 ms. Cue-P3 amplitudes
were determined as the largest peak within -1200 to -600 ms. FQ: theta/beta training group, SCP: slow
cortical potential raining group, ANT: Attention Network Test.
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STRESS x GROUFE(3,57) = .84, n.s.).

Yet, no change in cue-P3 amplitudes (see Figurant6Figure 17) was observed
from pre to post training in general (TIME(1,57) = .18, n.s.) or related to type of
training (e.g. TIME x GROUPFE(3,57) = .14, n.s.). Even though an orienting effeas
present at the level of cue-P3 amplitudes, origntias not modulated by training as
indicated by non-significant interactions of TIMEORIENTING F(1,57) = .85, n.s.)
and TIME x ORIENTING x GROUPK(3,57) = .2.13, n.s.).
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Figure 17 . Cue-P3 amplitudes for the ANF and CON group

Grand average ERPs (at Pz) during the preparation phase in the ANT are depicted for both pre- and post-
assessment for the ANF and CON groups in order to illustrate cue-P3 amplitudes. ERPs for NeutralCue
and SpatialCue trials are shown separately for the NoStress and WithStress conditions. At -1400 ms a cue
was presented, flanking fish appeared at -100 ms, and the target fish appeared at 0 ms. Cue-P3
amplitudes were determined as the largest peak within -1200 to -600 ms ANF: adaptive neurofeedback
training, CON: control training group, ANT: Attention Network Test.
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Effect sizes related to cue-P3 amplittleésee Table 10) in the NoStress
condition revealed a small effect size for the FQ@ON group (FQ vs. CON: Cohen’s
d = -.22). In the WithStress condition small effses were observed for the SCP vs.
CON group (SCP vs. CON: Coherds= -.25) as well as for the ANF vs. CON group
(ANF vs. CON: Cohen’'dl = -.35). All these effects were related to a daseein P3

amplitudes in the respective NF group and a smatkiase in the CON group

Comparisons between NF groups revealed a smalitediee in the FQ vs. SCP
group in the NoStress condition (FQ vs. SCP: Cahdr+ -.45) and in the opposite
direction in the WithStress condition (FQ vs. SC®hen’sd = .30). In addition, in the
WithStress condition a small effect size was olgtdifor the FQ vs. ANF group (FQ vs.
ANF: Cohen’'sd = .41).

4.3.2.3 Target-P3 amplitudes

Grand average ERPs related to target-P3 amplitudeshe different cue
conditions are depicted in Figure 18 and Figure. Fr target-P3 amplitudes, a

significant effect was obtained for ALERTING-({L,55) = 4.67,p < .05,77|02 = .08)
indicting an alerting effect at the level of targg® amplitudes which was related to
larger amplitudes in the NoCue compared to the fd&itie condition. No significant
effect was observed for STRESEX,55) = .00, n.s.) or for interactions includiriget
factor STRESS (e.g. TIME x STRES&(1,55) = .12, n.s.; TIME x STRESS x
GROUP:F(3,55) = .55, n.s.).

Target-P3 amplitudes (based on NoCue and Neutral@iss) did not
significantly change from pre to post training iengral (TIME:F(1,55) = .01, n.s.) or
related to type of training (TIME x GROUPF(3,55) = .18, n.s.). Also for the alerting
effect, no significant change was observed from fwepost training (TIME x
ALERTING: F(1,55) = 1.15, n.s.; TIME x ALERTING x GROUP(3,55) = .44, n.s.).

Target-P3 analyses related to the orienting netwewkaled significant effects for
ORIENTING (F(1,55) = 24.16p < .001,;1|02 = .31) which was related to larger target-
P3 amplitudes in the NeutralCue compared to thdi@@ae condition. Stress did not
significantly affect target-P3 amplitudes (STRE$$1,55) = .07, n.s.; e.g. TIME x
STRESSF(1,55) = .04, n.s.; TIME x STRESS x GROUH3,55) = .22, n.s.).

3 Effect size calculations were based on the averfigae-P3 amplitudes of the NeutralCue and
SpatialCue conditions, i.e. including all trials fehich cue-P3 amplitudes could be calculated.
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Figure 18 . Target-P3 amplitudes for the three cue conditions (FQ, SCP)

Grand average ERPs (at Pz) during presentation of target stimuli in the ANT are depicted for both pre- and
post-assessment for the FQ and SCP groups in order to illustrate target-P3 amplitudes. ERPs for NoCue,
NeutralCue (NeCue) and SpatialCue (SpCue) trials are shown separately for the NoStress and WithStress
conditions. Flanking fish appeared at -100 ms, and the target fish appeared at 0 ms. Target-P3 amplitudes
were determined as the largest peak within 280 to 450 ms. FQ: theta/beta training group, SCP: slow
cortical potential raining group, ANT: Attention Network Test.

No significant pre-post changes in target-P3 amis (based on NeutralCue and
SpatialCue trials) were observed in general (TIFM&:,55) = .22, n.s.) or related to type
of training (TIME x GROUP:F(3,55) = .61, n.s.). Also for the orienting effeah
significant change emerged from pre to post trg{iNME x ORIENTING:F(1,55) =
.00, n.s.; TIME x ORIENTING x GROURE(3,55) = .10, n.s.).

For target-P3 amplitudes related to the confli¢ctvoek (see Figure 20 and Figure
21), no significant effects were observed for CONFL (F(1,60) = .79, n.s.), i.e.
conflict network modulations were not present a lvel of target-P3 amplitudes. No
significant effect was observed for STREF%1(60) = 1.56, n.s.) or for interactions
including the factor STRESS and TIME (e.g. TIME ¥RESSF(1,60) = .00, n.s;
TIME x STRESS x GROUME(3,60) = 1.01, n.s.).
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Figure 19 . Target-P3 amplitudes for the three cue conditions (ANF, CON)

Grand average ERPs (at Pz) during presentation of target stimuli in the ANT are depicted for both pre- and
post-assessment for the ANF and CON groups in order to illustrate target-P3 amplitudes. ERPs for
NoCue, NeutralCue (NeCue) and SpatialCue (SpCue) trials are shown separately for the NoStress and
WithStress conditions. Flanking fish appeared at -100 ms, and the target fish appeared at 0 ms. Target-P3
amplitudes were determined as the largest peak within 280 to 450 ms. ANF: adaptive neurofeedback
training group, CON: control training group, ANT: Attention Network Test.

Target-P3 amplitudes (based on congruent and imaeng trials) did not
significantly change from pre to post training iengral (TIME:F(1,60) = .14, n.s.) or
related to type of training (TIME x GROURFP(3,60) = .17, n.s.). No conflict effect was
present in the data as reported above, and als@nificant change in the conflict score
was observed from pre to post training (TIME x CQMNFT: F(1,60) = .56, n.s.; TIME
x CONFLICT x GROUPF(3,60) = .74, n.s.).

In summary, these results indicated that targestRlitudes did not significantly
change from pre to post training in general (nonificant effects for TIME) or
depending on the type of training (no significanteractions of TIME x GROUP).
Furthermore, attention network modulations of t&f@ amplitudes were present for

the alerting and orienting network (significant esffs for ALERTING and



110|Page Results

Theta/beta (FQ) PRE POST
pV| Pz pV|Pz
-5 r
AV
0 0
54 54 s CONGI N
A\ m—  CONQr W
104 104 incongr n
= iNnCONQr W
b 200 4bo ebo 8d0 1000ms b0 200 400 600 8bo 1000ms
scP PRE POST
pV| Pz pV|Pz
-5 5 A
\/"/\', W”\
. « 4 ' IR
5 5
104 104
0 200 400 600 800 1000ms 0 200 400 eb0 800 100oms

Figure 20 . Target-P3 amplitudes in congruent / incongruent conditions (FQ, SCP)

Grand average ERPs (at Pz) during presentation of target stimuli in the ANT are depicted for both pre- and
post-assessment for the FQ and SCP groups in order to illustrate target-P3 amplitudes. ERPs for
congruent (congr) and incongruent (incongr) trials are shown separately for the NoStress and WithStress
conditions. Flanking fish appeared at -100 ms, and the target fish appeared at 0 ms. Target-P3 amplitudes
were determined as the largest peak within 280 to 450 ms. FQ: theta/beta training group, SCP: slow
cortical potential training group, ANT: Attention Network Test.

ORIENTING), but not for the conflict network (nogsiificant effect for CONFLICT).
However, these network modulations were not obsketeechange with training (no
significant interactions of TIME x ALERTING/ ORIENNG/ CONFLICT or TIME x
ALERTING/ ORIENTING/ CONFLICT x GROUP) while analgs related to the
conflict network have to be considered with caree do the missing target-P3

modulations related to the conflict network.

For effect size measures related to target-P3 &ndpk please refer to Table 10.
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Figure 21 . Target-P3 amplitudes in congruent / incongruent conditions (ANF, CON)

Grand average ERPs (at Pz) during presentation of target stimuli in the ANT are depicted for both pre- and
post-assessment for the ANF and CON groups in order to illustrate target-P3 amplitudes. ERPs for
congruent (congr) and incongruent (incongr) trials are shown separately for the NoStress and WithStress
conditions. Flanking fish appeared at -100 ms, and the target fish appeared at 0 ms. Target-P3 amplitudes
were determined as the largest peak within 280 to 450 ms. ANF: adaptive neurofeedback training group,
CON: control training group, ANT: Attention Network Test.

4.3.3 TMS

Due to the TMS incident and related precautionaeasares (see 3.1.1 Screening
interview and assessments) the TMS measuremenbmpgperformed in 53 subjects.
Out of these subjects, data quality of pre- and-pssessments of 43 subjects was
sufficient to include them in further data analy§tQ:n = 11, SCPn = 10, ANF:n =
12, CON:n = 10) while three outliers (see 3.2.4.1 Generfdrimation on statistical

analysis) were additionally excluded (see Apperig)ix

The repeated measure ANOVA calculated for the $h@asure (see Figure 22)
resulted in a trend for TIMER(1,36) = 3.13p < .10,;7p2 = .08) which tended to be

related to an increase of relative MEP amplitudesmfpre to post, i.e. a decrease of
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SICI. Furthermore, a trend was obtained for therattion of TIME x GROUPH(3,36)
=2.41,p<.10,7,% = .17).

Post-hoc tests based on pairwise comparisons ezl/esagnificant interaction
effects for the FQ compared to the ANF group (TIMEGROUP for FQ vs. ANF:

F(1,20) = 5.06p = .036,77p2 = .20) as well as for the FQ compared to the CONgy

(TIME x GROUP for FQ vs. CON=(1,17) = 5.49p = .032,;1,,2 = .24). No significant
interactions were obtained for the other pairwisgug comparisons (TIME x GROUP
for FQ vs. SCPF(1,17) = 1.93, n.s.; TIME x GROUP for SCP vs. ANf1,19) = .59,
n.s.; TIME x GROUP for SCP vs. CON(1,16) = .86, n.s.; TIME x GROUP for ANF
vs. CON:F(1,19) = .03, n.s.). After applying Holm-Bonferratorrection to correct for
multiple testing, post-hoc tests no longer reveaigdificant results as smallgst .05
/6.

SICI
1.0 1.0
So9 209 |
=0.8 .%: §08
- Q
50.7 F %g.; I I
&0.6 / S 6 1 pre
0.5 0.5 = post
S o~ —A—A S5, P
0 0.4 =04
£03 ——K 2031
= ©
© 0.2 ?,_’02 |
0.1 0.1 1 T 1
pre post F S A K
ICF
1.9 1.9
318 1 £1.8 1
217 217
2'1.6 | 2%‘ F 8'1.6 1 I
© ® ]
n_‘1.5 =S CL1.5 pre
w14 | 1.4 m post
13 A—A =243
o o
£12 ——K =12
T 1.1 211
10 T 10 L
pre post F S A K

Figure 22 . TMS measures SICI and ICF

The mean value of SICI (top) and ICF (bottom) at pre- and post-assessment is depicted for each group.
Right: error bars are included. SICI: short-interval intracortical inhibition, ICF: intracortical facilitation, F:
theta/beta training group, S: slow cortical potential training group, A: adaptive neurofeedback group, C:
control training group.
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While no significant effect was observed for GROE#3,36) = 1.51, n.s.) in the
present analysis, a trend for group differencesrgetkein the analysis of the SICI pre

assessment data which was performed to check ®rtraining group differences

(GROUP for pre training dat&(3,36) = 2.58p < .10,;7|02 =.18).

Post-hoc tests based on pairwise comparisons Balealgnificant group
differences between the FQ and CON grouip7) = 2.95,p = .010), and between the
ANF and CON groupt(19) = 2.58,p = .018), as well as a trend for group differences
between the SCP and CON groufil§) = 1.88,p = .079) at pre assessment. These
effects were related to a larger SICI in the CONugr at pre assessment, i.e. smaller
relative MEP amplitudes. No significant results &vebtained for the comparison of the
other groups (FQ vs. SCH17) = .58, n.s.; FQ vs. ANE20) = .81, n.s.; SCP vs. ANF:
t(19) = .04, n.s.). After performing a Holm-Bonfanraorrection ofp-values post-hoc

tests no longer revealed significant results adlestg > .05/ 6.

Effect sizes at the level of SICI (see Table 1Hidated a large effect in the FQ
compared to the CON group (FQ vs. CON: Cohens|1.08|) and a small effect in the
SCP compared to the CON group (SCP vs. CON: Colien’s44|).

Table 11

Effect sizes (Cohens’ d) based on TMS measures

FQ_CON SCP_CON ANF_ CON  FQ_SCP FQ_ANF SCP_ANF
siCl |1.08| |.44| .08 .65 .96 .34]
ICF -.17| -.78] |-.64]| |.64| .49 |.-18]

Note. Effect size measures (Cohen’'s d) are depicted for SICI and ICF assessed by TMS for the
comparison of pre-post change scores between groups. Positive values of effect sizes indicate a larger
increase (or smaller decline) of the respective measure in the group mentioned first compared to the group
mentioned second. Black numbers indicate small effect sizes, black bold numbers medium effect sizes,
and black bold underlined numbers large effect sizes, while grey humbers indicate no effect. Effect sizes
are depicted in brackets since it is not clear a change in which direction constitutes an improvement. TMS:
transcranial magnetic stimulation, SICI: short-interval intracortical inhibition, ICF: intracortical facilitation,
FQ: theta/beta training group, SCP: slow cortical potential training group, ANF: adaptive neurofeedback
group, CON: control training group,

The comparison between neurofeedback groups relaateedium effect size for
the FQ compared to the SCP group (FQ vs. SCP: Colen |.65|) and a large effect
size for the FQ compared to the ANF group (FQ WSFACohen'dd = |.96]).
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Regarding ICF (see Figure 22), no significant cleafrgm pre to post training
was observed (TIMB=(1,36) = 1.02, n.s.; TIME x GROUF(3,36) = 1.41, n.s.).

Effect sizes for this ICF measure (see Table 1igaked medium effects for the
SCP and ANF groups compared to the CON group (SCRE®N: Cohen'sl = |-.78];
ANF vs. CON: Cohen’dl = |-.64]).

The comparison of neurofeedback groups relatettéd@F measure indicated a
medium effect size in the FQ compared to the SCGR@MI(FQ vs. SCP: Cohents=
|.64|) and a small effect size in the FQ compacethé ANF group (FQ vs. ANF:
Cohen’sd = |.49)).

4.4 Assessments during the course of training

4.4.1 Satisfaction with life situation

No difference between groups was observed relate¢det satisfaction with their
life situation (satisfaction with life averaged oval groups:M = 4.12, SD = 1.00;
F(3,69) = 1.09, n.s.; see Table 12).

Table 12

Satisfaction with life situation

M+ SD
FQ 4.06 +1.10
scp 4.23 + .83
ANF 4.35+.90
CON 3.78 +1.14

Note. The mean score (and SD) of the self-report measure satisfaction with life situation averaged over all
training sessions is depicted for each group. Ratings are based on a 7-point rating scale ranging from zero
(not content at all) to six (very content). FQ: theta/beta training group, SCP: slow cortical potential training
group, ANF: adaptive neurofeedback group, CON: control training group.

4.4.2 Evaluation scales

Evaluation scales (see Table 13) assessed aftlashiaining session showed no
difference between groups related to their ratiogshow strong they experienced the
effect of their training on attention (GROUIF(3,68) = .88, n.s.) and well-being
(GROUP:F(3,68) = .40, n.s.) to be. Furthermore, satisfactiath the training did not
differ between groups (GROUFP(3,68) = .22, n.s.).
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Table 13

Evaluation scales

Attention Well-being Satisfaction

FQ 232+1.16 2.79+.63 218 +.27
SCP 221+.85 284+1.01 2.26+.28
ANF  535+111 247+1.01 2.06%.32

CON  200+1.00 2.94+.90 2.11+.27

Note. The mean score (and SD) of the dimensions attention, well-being, and satisfaction of the evaluation
scales is depicted for each group. Larger scores indicate higher experienced effects of training on
attention, well-being, or satisfaction with training. FQ: theta/beta training group, SCP: slow cortical
potential training group, ANF: adaptive neurofeedback group, CON: control training group.

4.5 Self-regulation abilities in theta/beta and SCP  training

4.5.1 Self-regulation abilities in theta/beta train  ing

For the FQ group the theta/beta ratio in the coafsgeining is depicted in Figure
23. For the theta/beta ratio no significant efigas obtained for the theta/beta ratio
from the beginning to the end of training (thetsdb@tio preM = 1.72,SD= .31,
theta/beta ratio pos# = 1.75,SD= .34;t(16) = -1.05, n.s.).

For good performers (based on the theta/beta s Table 14), a significant
effect was observed for cluster 4 of the Brown &¢gbod performers’ change scoké:
=-.44,SD= 1.24; bad performers’ change scdve= .75,SD= 1.04;t(15) =-2.14p =

2.0 2.0
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Figure 23 . Theta/beta ratio in the course of theta/beta training

Left: The mean theta/beta ratio (and standard error) is depicted for the first to tenth theta/beta training
session (averaged over all blocks per session). Right: Mean theta/beta ratio (and standard error) for good

and bad performers for the beginning (B) of training (average of first 2 sessions) and the end (E) of training
(average of session 9 and 10). T/B: Theta/beta ratio.
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.03, Cohen’sl = 1.05) which was related to an improvement in agamg frustration

and modulating emotions in good performers comptrdxad performers.

Furthermore, good performance was significantlpeissed with a decrease in
fatigue ((12) = -2.14p = .03, Cohen’sl = 1.14) as measured by the POM@ood
performers’ change scorkt = -5.14,SD= 7.34; bad performers’ change scorkt

Table 14

Good / bad performers in theta/beta training: self-report and darts measures

Change (Mpost — Mpre) t-test: Effect size
Good Bad
performers performers t-value (df) p one-sided Cohen’'s d
Brown Scale
Total score -1.44 £5.10 .63 +£5.42 -.81 (15) .22
Cluster 1 -11+1.27 25+1.83 -.48 (15) 32
Cluster 2 -11+1.76 -25+2.38 .14 (15) 45
Cluster 3 11+2.37 .25+2.38 -.12 (15) 45
Cluster 4 -44 £1.24 .75+1.04 -2.14 (15) .03* 1.05
Cluster 5 -89 £1.69 -38+.74 -.83 (15) 21
POMS
Dejection -1.00 £12.64 2.13+15.07 -.45 (14) .33
Fatigue -5.14+7.34 3.00 +6.90 -2.14 (12) .03* 1.14
Displeasure - 78 £9.78 -2.13+4.19 .38 (15) .36
Vigor -1.00 +5.66 -5.75+4.98 1.78 (14) .05* .89
Darts
NoStress 12 +£1.15 .17 £ .58 -.12 (15) .45
WithStress 12+ .62 AT £.74 -1.05 (15) .16

Note. Results of the good / bad performer analysis based on regulation abilities in theta/beta ratio are
depicted. For each measure, the mean change score (and SD) is listed for the group of good and bad
performers, and t-test statistics are presented. Significance is assumed if p < .05 (one-sided, marked with
*) and when correcting for multiple testing significance is assumed if p < .01 (one-sided, marked with **).

% For the analysis of the POMS measure, despitdureducing already small sample sizes in the self
regulation bases analysis, extreme outliers hde teemoved from the analysis in order to receilialyke
results. Without removing outliers, the followingsults would have been obtained for good compared t
bad performers in the FQ group for fatigtid4) = -2.77p = 0.01) and for vigort(15) = 1.85p = 0.04)
which would have pointed towards an even strondeamtage for good compared to bad performers.
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3.00 ,SD=6.90). Regarding vigor, a significant advantage alaserved for good
compared to bad performers (good performers’ changee:M = -1.00,SD= 5.66; bad
performers’ change scorkt = -5.75,SD= 4.98;t(14) = 1.78p = .05, Cohen’sl = .89)
which was related to a smaller decrease in vigonfpre to post assessment in good
performers. Yet, after correctiqpgvalues for multiple testing none of the described

effects remained significant (pas> .01).

The analysis of associations between FQ self-régulaabilities and pre-post
change in cue- and target-P3 amplitudes yieldeddl@wving results (see Table 15).

No significant difference between good and badqgrerérs was observed for the pre-

post change in cue-P3 amplitudes in both the NeStfNeutralCuet(12) = .77, n.s.;
SpatialCuet(12) = .20, n.s.) and WithStress condition (Ne@ted: t(12) = .74, n.s.;
SpatialCuet(12) = -1.05, n.s.).
Table 15
Good / bad performers in theta/beta training: ERP measures in the ANT
Good Bad t-test: Effect size
performers performers p one-sided (Cohen’s d)
Cue-P3
NeutralCue, NoStress 10+1.41 -51+1.51 .23
NeutralCue, WithStress .61+1.10 -17 £2.68 .24
SpatialCue, NoStress -10+1.11 -.28+£2.26 42
SpatialCue, WithStress -47 £2.28 .88 +2.51 .16
Target-P3
NoCue, NoStress -50+1.82 .59 +4.80 27
NoCue, WithStress -93+2.51 1.68 + 3.65 .06
NeutralCue, NoStress -1.28 £1.49 -.49 +3.51 31
NeutralCue, WithStress -1.84 +2.59 1.66 +3.95 .05* -1.05
SpatialCue, NoStress -2.16 £2.17 .96 +2.33 .01 -1.38
SpatialCue, WithStress -1.99 £2.13 .55 +2.33 .02* -1.14

Note. Results of the good / bad performer analysis based on regulation abilities in theta/beta ratio are
depicted for ERP measures (cue- and target-P3) assessed during the ANT. For each measure, the mean
change score (and SD) is listed for the group of good and bad performers, and t-test statistics are
presented. Significance is assumed if p < .05 (one-sided, marked with *) and when correcting for multiple
testing significance is assumed if p < .01 (one-sided, marked with **).
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Regarding target-P3 amplitudes, no significantedéhces were observed between
good and bad performers in the NoCue condition (MGS: t(13) = -.62, n.s,;
WithStress: NoCud{13) = -1.65, n.s.) and in the NeutralCue-NoStmsglition ((13)
= -.52, n.s.). However, in the NeutralCue-WithStresndition {(13) = -1.92,p = .05,
Cohen’sd = -1.05) as well as in the SpatialCue condition$Messi(13) = -2.62p =
.01, Cohen’sl = -1.38; WithStresg(13) = -2.18p = .02, Cohen’sl = -1.14) significant
differences between good and bad performers retatguie-post changes in target-P3
amplitudes were observed. These effects were celatgre-post target-P3 amplitude
decreases in good performers and increases in ladrmpers. However, when
adjusting the significance level < .01 only the effect in the SpatialCue-NoStress

condition remained significant.

4.5.2 Self-regulation abilities in SCP training

£ | I |

1 2 3 4 5 6 7 8 9 10 ) Good_B Good_E Bad_S Bad_E

Figure 24 . SCP differentiation in the course of SCP training

Left: The SCP differentiation (and standard error) is depicted for the first to tenth SCP training session
(averaged over all blocks per session). Right: Mean SCP differentiation (and standard error) for good and
bad performers for the beginning (B) of training (average of first 2 sessions) and the end (E) of training
(average of session 9 and 10).

For the SCP group the differentiation in the counfdraining is illustrated in
Figure 24. A trend was obtained for an increasdiffierentiation from the beginning to
the end of training (differentiation_preM = -1.02 pV, SD = 1.43 Vv,
differentiation_postM = -.20 uV,SD = 2.63 pV;t(15) = -1.40,p < .10, Cohen’'s =
.32).
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Table 16

Good / bad performers in SCP training: self-report and darts measures

Change (Mpost — Mpre) t-test: Effect size
Good Bad
performers performers t-value (df) p one-sided Cohen’'s d
Brown Scale
Total score -5.50£6.12 -1.13+2.17 -1.91 (14) .05* .95
Cluster 1 - 75+£1.49 .00£1.20 -1.11 (14) .14
Cluster 2 -1.75 £3.01 -.38+2.39 -1.01 (14) A7
Cluster 3 -2.50 +£2.00 .00 +1.07 -3.12 (14) .004** 1.56
Cluster 4 38+1.19 -50+1.07 1.55 (14) .07
Cluster 5 -88+1.73 -25+1.04 -.88 (14) .20
POMS -
Dejection 6.71 +10.59 -.38+£5.29 -1.50 (13) .08
Fatigue -6.43+7.85 1.88 +4.82 -2.51 (13) 01* 1.27
Displeasure -4.00 £4.10 1.71 +4.46 -2.39 (11) .02* 1.33
Vigor -2.14 +4.98 -.88+4.79 -.50 (13) 31
Darts
NoStress -12 +.33 -.06 +.33 -.39 (14) -.35
WithStress 42 + .65 .29 £ .60 43 (14) .34

Note. Results of the good / bad performer analysis based on regulation abilities in SCP differentiation are
depicted. For each measure, the mean change score (and SD) is listed for the group of good and bad
performers, and t-test statistics are presented. Significance is assumed if p < .05 (one-sided, marked with
*) and when correcting for multiple testing significance is assumed if p < .01 (one-sided, marked with **).

Good performance (based on the differentiation omeassee Table 16) was
related to a significantly stronger reduction frame to post in the total score of the
Brown Scale (good performers’ change scdfes -5.50,SD = 6.12; bad performers’
change scorev = -1.13,SD=2.17;t(14) = -1.91p = .05, Cohen’sl = .95) as well as
in Brown Scale subscore 3 (good performers’ chaogee:M = -2.50,SD = 2.00; bad
performers’ change scorkt =.00,SD=1.07;t(14) = -3.12p = .01, Cohen’sl = 1.56),

which is associated with regulation of alertness{aning effort and processing speed.
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Table 17

Good / bad performers in SCP training: ERP measures in the ANT

Good Bad t-test: Effect size

performers performers p one-sided (Cohen’s d)

Self-regulation: Differentiation

CNV: NeutralCue,

-3.61 +2.09 -1.94 £2.70 .13
NoStress
CNV: NeutralCue,
) -1.09 +1.53 -1.37£2.43 41
WithStress
CNV: SpatialCue,
-4.01 +1.67 -3.00 £2.32 .20
NoStress
CNV: SpatialCue,
) -2.06 +1.10 -2.49+£2.76 .36
WithStress
Self-regulation: Negativity
CNV: NeutralCue,
-3.79+£1.63 -1.69 +2.95 .07
NoStress
CNV: NeutralCue,
) -1.89 +2.02 -.26+£1.18 .07
WithStress
CNV: SpatialCue,
-4.41 +1.57 -2.43+£1.93 .04* 1.13
NoStress
CNV: SpatialCue,
) -3.20 +1.64 -.89+1.28 .01** 1.57
WithStress

Note. Results of the good / bad performer analysis based on regulation abilities in SCP differentiation as
well as SCP negativity are depicted for ERP measures (CNV) assessed during the ANT. For each
measure, the mean change score (and SD) is listed for the group of good and bad performers, and t-test
statistics are presented. Significance is assumed if p < .05 (one-sided, marked with *) and when correcting
for multiple testing significance is assumed if p < .01 (one-sided, marked with **).

Furthermore, based on the POMS meaSurgood performers showed a
significantly stronger reduction of fatigue fromeptio post than bad performers (good
performers’ change scor® = -6.43,SD = 7.85; bad performers’ change scavk:=
1.88,SD = 4.82;1(13) = -2.51,p = .01, Cohen’'d = 1.27). In addition, displeasure
decreased significantly from pre to post in goothpared to bad performers (good

% For the analysis of the POMS measure, despitdureducing already small sample sizes in the self
regulation based analysis, extreme outliers hdmteemoved from the analysis in order to receive
reliable results. Without removing outliers, thdldwing results would have been obtained for good
compared to bad performers in the SCP group f@eksuret(13) = -2.59p = 0.01), which would have
pointed towards an even stronger advantage for googared to bad performers.
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performers’ change scor = -4.00,SD = 4.10; bad performers’ change scolké:=
1.71,SD=4.46;t(11) = -2.39p = .02, Cohen’sl = 1.33).

When adjusting the significance levelga< .01 due to multiple testing, both the
effect for subscore 3 of the Brown Scale and tifecefor fatigue remained significant.

The analysis of associations between SCP self-a&guol abilities and pre-post
change in CNV amplitudes yielded the following féssee Table 17). No significant
effect was obtained for the pre-post change in Givplitudes in good compared to
bad performers based on the differentiation measitirself-regulation both for the
NoStress (NeutralCud{10) = -1.21, n.s.; SpatialCug10) = -.88, n.s.) and WithStress
condition (NeutralCuet(10) = .24, n.s.; SpatialCug10) = .37, n.s.).

In the analysis based on negativity regulationitdsl a significant effect was
observed in the SpatialCue condition which indidadarger CNV increase from pre to
post in good compared to bad performers in bothNb&tress (SpatialCu&{10) =
-1.97,p = .04, Cohen’sl = 1.13) and WithStress condition (SpatialCij&0) = -2.62p
= .01, Cohen’sl = 1.57) while only the effect of the WithStressidiion also remained
significant for the corrected significance levelpof .01. For the NeutralCue condition
no significant difference between good and badqgperérs was observed (NoStress:
t(10) = -1.59, n.s.; WithStresg10) = -1.60, n.s.).
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5 Discussion

In the present study, the effects of a theta/betaofeedback training, a training
of slow cortical potentials, and an adaptive neegdback training in ‘healthy’ adults
were examined compared to a control training (ramded group assignment,= 73).
One motivation behind the present study was thectife application of two of the
studied protocols in children with ADHD, without full understanding of the
mechanisms mediating an effective training. Thesgmé study set out to shed more
light on the neuronal mechanisms underlying a ssfaé NF training. The control
training was implemented to delineate specific Nfeats from unspecific effects,
related to repeating measurements or practicingniteg strategies in daily life

situations.

In addition, the study aimed at examining the affexf NF on well-being and
mood as a potential new field within the realm efk performance training, where
previous studies have mainly focused on performameasures. Furthermore, the
effectiveness of adaptive NF was to be examinethéncontext of peak performance
training. The reason for examining the adaptivetidining was that it is a NF method
that is spreading and is being applied more andemiorclinical practices for the
treatment of a wide spectrum of psychiatric disosddut without good scientific

evidence.

Independent of training type, the following prepdsaining effects were

observed.

On the behavioral level, pre-post improvements wayserved in the domains
action orientation, self-access, and in tendencaftention, while vigor decreased and
otherwise no effects on well-being / mood were @nés

On the performance level, participants showed fasted more constant
responding in the ANT, improved working memory aslas improved motor skills in

a game of darts.

At the level of resting EEG measures, an increagkata and alpha activity were
observed as well as a tendency for an increasetandrtivity. These EEG findings most
likely indicate that at post assessment particjpamere more relaxed and possibly

slightly more focused during a resting state. O\iere training effects on the ERP
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measures (cue-P3, target-P3, and CNV amplitudes)easured during the ANT were

obtained. TMS measures indicated a tendency feceedse of SICI.

With respect to NF training, these findings poiotvards unspecific results,
probably due to repeated assessment as well aspemific factors related to attending

a training session and developing cognitive stiateg

Concerning the specific effects of NF training nmyaitbased on effect size

measures, the following pattern resulted.

Self-ratings of attention revealed only a very [digdvantage for the NF groups.
NF trainings also had a somewhat more positivecetia well-being / mood, perceived
stress, and personality characteristics. More fipalty, NF was associated with
reducing deactivation; the most pronounced effechrmod and perceived stress was
obtained for the ANF group; overall, the SCP andFAgtoups were observed to profit
more than the theta/beta group; and theta/betairigaiwas associated with a slightly

more pronounced increase in action orientation.

At the performance level, training-related diffetea between groups were not
very prominent and mostly only present in one dwtaveral task conditions. The only
somewhat more pronounced result was faster respgmlian attention-demanding task
which was observed after theta/beta training. Iditemh, a very slight advantage in

motor skills was obtained for the control traingrgup.

Regarding the neuronal mechanisms underlying NRitigy an increase in CNV
amplitudes after all NF trainings indicated an ioyad resource allocation during
cognitive preparation after NF. Based on self-rajoh measures during negativity
trials, a tiny hint for a specific effect of SCRiitring on increasing CNV amplitudes
was observed. A similarly tiny hint for a specigdfect of theta/beta training was
observed, with a successful reduction of the theta/ ratio being associated with
decreased target-P3 amplitudes. In addition, arease of alpha activity (at Pz) was
observed after ANF training. Moreover, with resp&etmotor system excitability,
theta/beta training was associated with an increag®th SICI and ICF which might

possibly constitute a specific effect.

In the following, these results will be discussadriore detail and put in context

to previous research.
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5.1 The sample

With a training period of 27 months, some effortswmade to include a
reasonable number of subjects in the study. Tred §iample, on which further analyses
were based, comprised 73 adults who were randololgaded to four training groups.
Thus, the group sizes of the present study wereeatat larger than in most previous
peak performance studies in healthy adults. Inettetadies, mostly only between 20
and 30 subjects were recruited and allocated totowibree experimental groups (e.g.
Egner & Gruzelier, 2004; Logemann et al., 2010; Bioal., 2009). However, such peak
performance studies were able to show some spegfiects related to particular NF
trainings protocols, suggesting that despite smsalinple sizes, these studies are

meaningful.

Nevertheless, with between 17 and 19 subjects q@erpg the overall sample size
of the present study was still rather small. Toegav comparison, for the controlled
multi-center neurofeedback study of Gevenslebeal.efGevensleben, Holl, Albrecht,
Vogel, et al., 2009) a sample size of about 10@dm with ADHD was estimated to be
necessary for being able to display significantfedénces of medium effect size
between two experimental groups (NF vs. computdratention training). The present
study could not be conducted as a multi-centerystBdt quite some effort was made to
nevertheless include an acceptable number of dshjedhe study. When seen in the

context of other peak performance studies, thisacageved.

The present study was conducted in ‘healthy’ adattd not in children with
ADHD for the following reasons. Based on the coma#ppeak performance training,
the employed NF protocols are also indicated fertthining in healthy adults. Pre and
post assessments were very comprehensive anddreeredt well suitable for children
with ADHD. Most notably, the adaptive NF trainingshnot yet been scientifically
established, wherefore it seemed more adequatest@xamine this training protocol in
adults. Moreover, it was assumed that a largermoce homogenous sample could be

obtained when performing the study with ‘healthguHs.

Nevertheless, one advantage of a clinical samptemmparison to ‘healthy’ adults
might have been that it may have left more roomrfgrovement. In the present study,
where most participants were university student® whn be assumed to display
relatively good performance, this room for possibiprovements may have been rather

small.
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However, finding healthy adults that were interds@&nd had enough time
resources proved more difficult than expected. Agnothers, university students, the
main target group, proved to have very tight timbeslules. In addition, payment for
participation in the study was too low to attragbjects who purely participated for
money. Based on the study design, it was good shbfects hardly participated for
monetary reasons. Thus, those subjects who patedpwere mostly interested and

intrinsically motivated. Yet exactly this last aspproved to pose a difficulty as well.

Volunteers who showed interest in the study often axperienced difficulties in
daily life situations and hoped to improve theiuation by participating in the study.
Beyond the 33 volunteers that were excluded frontigigation in the study after the
screening interview (see 3.1.1 Screening intervéaw assessments), there had been
many more interested volunteers. However, theytbdmk excluded before a screening
appointment was made due to an existent psychidiignosis or clinically noticeable
feeling and behavior. Still, for those subjects wiere included in the study, a rather
large standard deviation was observed for GSI sc@esessed with the SCL-90). This
indicated that subjects with rather high overaljygb®logical distress (but still within
the norm) were included in the study (see 3.1 &lpants — Screening and final
sample). This was due to the procedure that feeritig places were rather allocated to
subjects with such higher scores than left vacEmérefore, the sample included more
subjects with some kind of subclinical psychic syonpatology than originally
intended. This might be an advantage and disadgardathe same time. On the one
hand, it may have left more room for improvememtd an the other hand, it increased
the heterogeneity of the sample and introduced ninaked factors. However, an
analysis of the data including only subjects withsuch a noticeable symptomatology
yielded a similar result pattern (see 3.2.4.1 Ganeaformation on statistical analysis).
For this reason, the composition of the sample Ishiwot have influenced the results in

a certain way but is rather an indication for alife sample.

Group assignment was performed randomly and resultegroups that showed
comparable results based on screening and presasseis measures. Groups were
comparable regarding their age, estimated 1Q atidfaetion with their life situation.
Yet for the GSI score of the symptom checklist m@asure of overall psychological
distress — significant group differences were otgdi However, these group differences

did not remain significant when post-hoc tests wemeected for multiple comparisons
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by means of Holm-Bonferroni correction. At pre-asseent, only for the TMS measure
SICI, a trend for pre-training differences was obed between groups. Also here,
when correcting post-hoc tests by means of Holmi&wooni correction, group
differences no longer remained significant. A singleasure, the dejection scale of the
EWL-N, revealed significant group differences irethepeated measure ANOVA
applied in the analysis of pre-post training efgstign. effect for GROUP). These were
related to significantly higher dejection in the E@ompared to the ANF group even
after applying Holm-Bonferroni correction. Yet fthre dejection scale of the POMS, no
such group differences were observed. Thus, theridesl data indicate that random
group assignment resulted in comparable groups, thedminor group differences

described above will be considered in the discussfdhe results.

Overall, mainly the rather small sample size coutgd a limitation for the
statistical data analysis by limiting statisticabwer. In addition, Holm-Bonferroni
correction, which was applied to correct for muéipomparisons in post-hoc tests, is a
rather strict method and it remains to be discusséubw far it is appropriate for these
data. For these reasons, effect size measurebevitported in addition. Results based
on effect size measures will be discussed if atlesedium effect sizes were obtained,
which can be considered meaningful especially whey were accordant to the
hypotheses. Nevertheless, interesting findings lwvldoe based on these effect size
measures have to be considered with care and peeel further examined in a larger

sample in future studies.

5.2 The control training

A further important aspect concerning the designtha study is the control
training. As outlined in the introduction (see B.&pecificity of training effects and the
design of a control training), there is controveadpout the choice of the appropriate
control training. In the present study, it was dedi to include a control training in
order to control for effects related to practiced amotivation due to repeated
measurement and the usage of cognitive strategsgesvill be discussed below). The
control training was not designed to parallel the thainings regarding the amount of

training time.

This was done for various reasons. One reason hats &s the training was
performed in ‘healthy’ adults, there was no esti@dd training available which could

have been used as a control training. The developwofesuch a training would have
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been a time-consuming and non-trivial task. Anotieasson was the controlled design
implemented in the study by Gevensleben and callema§Gevensleben, Holl, Albrecht,
Vogel, et al., 2009), which had preceded the pitesteily. They had applied two of the
three NF protocols used in the present study (fheta and SCP training) in children
with ADHD and had used an elaborate control trgnim combination with a large

sample. The results of this large controlled stulyicated stronger reductions in
symptomatology after NF training compared to thatad training (medium effect

size).

Thus, the advantage of two of the three NF prowegiplied in the present study
has already been observed, albeit in children AidHD and not in ‘*healthy’ adults. In
addition, the aim of the present study was to danther insights into the specific
neuronal mechanisms underlying different NF tragnprotocols. This is a different
focus, although nevertheless, the control traimiag used to differentiate specific from
unspecific training effects and in this way to pdevinformation on differential effects

related to particular NF protocols.

A placebo training was not used as a control cadibr the present study for the
following reasons. As discussed in the introductiosluding a placebo training group
may have negative effects on NF performance. Asaomeof the present study was to
examine the effects of an adaptive NF training amparison to theta/beta and SCP
neurofeedback training, the inclusion of a placglmup was considered a confounding
variable. Furthermore, in parallel to the presendy the effects of a placebo SCP
training in comparison to a real SCP training wexamined in a study with healthy
adults in Gottingen (for a brief description of lprenary results see 1.4.3 Specificity of
training effects and the design of a control trag)i Their results are to be compared to
the results of the present study. Currently, regarthe results of this study performed
in Gottingen, the effectiveness of the training terms of associations between
regulation abilities and behavioral data remainddoanalyzed. This analysis will be
important for judging the specific effects of SORirting in healthy adults. Thus,
unfortunately, at the present moment no conclusicas be drawn based on the
comparisons of the present study with the studyopmed in Goéttingen regarding
potential unspecific training effects, which midig unmasked by their placebo training
group. However, the missing comparison to a pladed#ining group is not the main
critical point of the present study, as will belm&d in the further discussion.
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In the present study, the subjects of the controup (like the subjects of the
three NF groups) also practiced cognitive strategmethe context of transfer tasks
during training as well as during everyday situagioat home. In addition, the
participants of the control group also appliedtiséiategies in achieving an attentional
state during post assessment in a similar way d@gipants of the NF groups. In this
way, these unspecific training effects of develgpencognitive strategy and practicing
its application in everyday situations, which ispeocess that attracts conscious
perception to one’s own state, were controlled fadditionally, self-access was
observed to increase from pre to post training,nautelevant differences between the
control group and the NF groups were observed. ,TN&sdid not lead to increased
self-access compared to the control training aedefore, increased self-access cannot

account for the advantages observed for the NFpgr{gee discussion below).

The control training was shorter (shorter numbeseasfsions and shorter duration
of sessions) as it was designed to parallel thestea parts of the NF sessions. For this
reason, it was not able to control for unspecif&@ning effects related to the amount of
time spent for training as well as the direct feskoon one’s own mental state received
during NF sessions. These remain aspects that might have affected the more
positive effects observed for the NF groups. Yeemwlooking at the evaluation scales
assessed after the last training session, no eliféess between groups were observed
regarding their satisfaction with the training dreit rating on how strongly they
experienced the effect of their training on attemtand well-being. These findings
cannot rule out the constraint mentioned beforé theey provide a hint that the control
training was similarly well accepted as the NFrrags and was perceived as similarly

effective.

5.3 Effects of neurofeedback training protocols on attention,
working memory, and motor skills

Regarding attention as assessed by self-report uresgsthe following results
were obtained. For the Brown Scale, a trend fanarease in attention from pre to post
was observed which was however not significantlgtesl to specific training groups
(no significant interaction of TIME x GROUP). Eftesize measures only revealed
small effects which were in favor of the NF groupg which cannot be considered as

relevant results.
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In addition, for the subscale concentration of BWL-N, a significant TIME x
GROUP interaction was obtained. Post-hoc testsateld that this effect was related to
a larger increase in concentration in the ANF camgao the CON and theta/beta
groups (Cohen’sl: large effect sizes), and a tendency for a langerease in the SCP
compared to the CON and theta/beta groups (Coltemisedium effect sizes). These
group differences no longer remained significanterafcorrecting for multiple
comparisons. However, since large and medium e$iees were obtained and because
the stronger improvement in attention in the ANKI &8CP groups compared to the

control group was conform to the hypotheses, thadengs were considered relevant.

Taken together, based on one of the two descrieédeport measures (EWL-N),
effect sizes revealed larger increases in condamran the ANF and SCP groups
compared to the CON group. Hence, some supportosned for H1. However, no
advantage of a pre-post change of concentration elserved in the theta/beta
compared to the CON group. Thus, with respect &theta/beta group, H1 was not
supported. Also the second measure of attentioowBiScale) revealed no support for
H1. For this measure, no advantages regarding ggses#mprovement of attention were

observed for any of the NF groups compared to @&l @roup.

When seen in the context of other studies, thesassent of self-report measures
of attention is not a very common procedure in paattormance NF studies in healthy
adults. In these studies, assessments were radised lbon performance measures of
attention-demanding tasks. As such measures wsoeagkessed in the present study,

any results concerning these measures will benaatlin the discussion below.

In contrast, regarding studies of NF training inldiien with ADHD, behavioral
measures including attention / inattention which assessed based on parent ratings
constitute an important measure. Advantages okwifft NF protocols in reducing
symptoms of inattention have been observed in &tyaof studies in children with
ADHD as indicated by the large effect size obtaif@dnattention in the meta-analysis
conducted by Arns et al. (2009). However, thereadge studies in which no advantage
of NF was obtained with respect to the improvemainsymptoms of inattention in
these children (e.g. Holtmann et al., 2009). Inaywhese findings on children with
ADHD are not directly comparable to studies in Healadults as the former’s
symptomatology of inattention leaves considerablyren room for possible

improvements.
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As the present study was motivated by the apptinagf NF in children with
ADHD, also here, self-report measures of attentvene applied. The Brown Scale was
selected as a measure of attention as it allowa fpyod distinction of different aspects
of attention. Its main application is the assessmésymptoms of inattention in adults
with ADHD. The purpose for which it was used in @resent study was for assessing
whether NF protocols were able to lead to improv@sen attentional domains in
‘healthy’ adults which are also relevant for adwligh ADHD. A further reason for the
selection of this measure was to allow comparagtiditthe placebo-controlled NF study
conducted in Goéttingen (see 1.4.3 Specificity airnting effects and the design of a
control training). The second measure of attentiloa, EWL-N, had mainly been chosen
in order to assess well-being / mood. The subscaleentration of this self-report

measure was therefore used as a supplementary measu

Overall, the effects of NF on attention as asse$seself-report measures were
rather small, which might be related to the followiaspects. The Brown Scale was a
self-report measure designed to display deficitatiention as observed in adults with
ADHD, as outlined above. Items of this measure ced@ wide range of aspects related
to attention, which was the reason why this meabaik been selected. However, it
turned out that the four-point rating scale did mtfferentiate well in the peak
performance range. This may have led to ceilinga$, as overall relatively good
attentional abilities were observed in all grougsiradicated by relatively low scores.
Hence, this may partially explain the missing effiee the theta/beta compared to the
CON group: visual inspection indicated that thejscis of the theta/beta group showed
the lowest scores in the Brown Scale (i.e. the dsghattentional abilities) at pre
assessment (even though pre-training group difee®nvere not significant according
to the ANOVA calculated). Furthermore, the advaataf the SCP and ANF groups
compared to the theta/beta group regarding pretpgsbvements in concentration may
also partially be explained in this way. Visualpestion indicated better pre-assessment
scores in the theta/beta group while post-assegsrakres lay in the same range as for
the SCP and ANF groups.

Also with respect to the subscale concentratiothefEWL-N measure, the rating
of “applicable” vs. “not applicable” did not allofr a good gradual differentiation of
attentional capabilities in the peak performancegea Nevertheless, it was able to
display some effects.
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To conclude, for evaluating training effects oneational abilities in the peak
performance range, self-report measures combiniifigrehtial aspects of attention (as
assessed by the Brown Scale) in combination wrttiag scale, which allows for more
gradual distinctions of attentional abilities, wablde desirable.

As a next step, the results of the performance umeasassessed during an

attention-demanding task, in the present studyndutie ANT, will be discussed.

With respect to the number of hits, no significanprovements were observed
from pre to post training. However, with nearly ¥9@orrect responses on average,
overall task performance in all groups was verydyadhus, there was hardly room left
for training-related improvements. Following thee@eding study on children with
ADHD (Wangler et al., 2011), the same ANT versias lbeen used in the present
study. As this ANT version had been designed faldodn, the task was not a difficult
task for ‘healthy’ adults. Thus, the very high nwenlof hits observed in the present

study was an expected finding.

Nevertheless, based on effect size measures, sattqzerformance from pre to
post in the CON and theta/beta groups comparethedcANF group in the NoStress
condition was indicated by medium effect sizes. Eoav, these findings were not very
robust in the sense that they were only observethénNoStress and not in both
conditions. In addition, visual inspection of thetal suggested best performance in the
ANF group at pre assessment (although the ANOVApferassessment data revealed
no significant effects for GROUP). Together witle thverall very good performance in

this task, the relevance of these effects remaiestgpnable.

In summary, attentional performance in the ANT asasured by the number of
hits was not observed to be improved from pre &t pothe NF groups compared to the
CON group. Hence, with respect to the number o, 8 was not supported. Overall,
the more interesting measures were RT and the bisiyaof RT which will be

discussed in the following.

RT was observed to decrease from pre to post aseagsi.e. response speed
increased. A tendency for group-specific pre-pdeinges in RT was indicated by a
trend for the TIME x GROUP interaction. Post-hagt$aevealed that this tendency was
mainly related to a larger decrease in RT in thetaitbeta compared to the CON and

SCP group. However, these results were no longgifgiant after correction for
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multiple testing. At the level of effect size meas) small to medium effects were
obtained for pre-post RT measures in the thetasmatgpared to the CON group. Thus,
improved performance from pre to post was obsemdbe theta/beta compared to the
CON group, as indicated by a larger decrease innRfie theta/beta group. This faster
responding in the theta/beta group compared toQ@& group as an indicator of
improved performance in an attention-demanding tpsvided support for H1.
However, the pre-post increase in response spesaetanore pronounced in the ANF
and SCP groups compared to the CON group. Hendh, respect to ANF and SCP
training, H1 was not supported.

In addition, for the direct comparison of RT chamdetween NF groups, effect
size measures revealed the following results. Adampre-post increase in response
speed was observed in the theta/beta comparee t8GR group as indicated by effect
sizes at the boundary between medium and largeteff€o a lesser degree (small to
medium effect sizes), response speed also increaeesl from pre to post in the ANF

compared to the SCP group.

In summary, the clearest result was the largeress® in response speed in the
theta/beta compared to the CON and SCP groups. rékidt may on the one hand
indicate a specific effect related to self-regaat@abilities acquired during theta/beta
training. Theta/beta training aimed at trainingtauned attention. An increased ability
in participants of the theta/beta group to atthis state of sustained attention, while
performing the ANT at post assessment, may have bsplayed in faster responses.
On the other hand, the larger increase in respgpsed may also be related to the way
the theta/beta training was designed. In theta/tvataing, a few long self-regulation
trials (5 to 10 minutes) were performed in a sessiih feedback animations that were
not very diversified. In this respect, theta/beganing was very similar to the ANT task
which also consisted of longer trials (about 5 nesueach) during which always the
same kind of stimuli were presented, i.e. the tasls also not very diversified. In
contrast, SCP training consisted of many shortstiigeveral seconds long). Thus, the
more similar design of the trials in theta/beta paned to SCP training may explain the
advantage in RT measures in the theta/beta traignogip. A similar explanation
regarding continuous long trials may also accoonttfie comparably marginal result

obtained for the ANF compared to the SCP group.
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The decrease in the variability of reaction timesf pre- to post-assessment did
not differ for the different training groups andetbfore rather constituted an effect

related to repeated task performance.

Concerning the attention networks which constitutesl more specific measures
of the ANT, the results were rather marginal. Wite pre-post change was observed
for the alerting network, both the orienting andftiot scores decreased from pre to
post assessment independent of the training grobp. pre-post decrease of these
scores, in combination with reduced RTSs, indicabedrall improved orienting and
conflict processing at post assessment. Effect sieasures related to the attention
networks revealed no relevant advantages (Colier’$0) for any NF compared to the
control group. That is, no larger improvementstesldo the attention networks on the
performance level could be observed in the NF ggazgmpared to the control group.

Hence, in this respect H8 was not supported byptbsent data.

When considering effect size measures, for the eoisgns between NF groups
one result was obtained related to the alertingvot A stronger increase in alerting,
l.e. a stronger decrease in the alerting score,olbasrved in the SCP compared to the
ANF group in the WithStress condition (medium effeize). This may indicate a small
advantage in maintaining an alert state in theradesef a warning stimulus in the SCP
compared to the ANF group. Possibly, this may eoaated with negativity trials
trained in the SCP group where subjects trainechdbieve a state of increased
excitation related to response preparation. Howdhés results needs to be seen in the
context of the other performance measures. Efieetraeasures for RTs had revealed a
slight advantage for the ANF compared to the S@Rmregarding pre-post increase in
response speed. Thus, the improved alertnessS@tercompared to ANF training was
not related to improved overall performance. Comsid) in addition that this advantage
in alerting in the SCP group was only observedafasingle condition (WithStress) and
only in comparison to one other group (ANF), it sttutes a rather minor finding.
Overall, orienting and conflict processing were ioyed at post assessment
independent of training group, but no clear advgamtaf any NF protocol related to

these attention network measures at the perfornlameewas observed.

So far, the only other NF study in which the ANTSHzeen applied for assessing
training effects was the study by Gevensleben avltbagues (Gevensleben, Holl,
Albrecht, Vogel, et al., 2009) which was performedhildren with ADHD (ANT data
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of this study were published in Wangler et al., PO heir analysis had revealed pre-
post improvements in performance for all parametférss, RT, variability of RT,
alerting, orienting, and conflict) independent ddining group (NF, control). In this
respect, their results were very comparable toréiselts of the present study. Also in
the present study, pre-post improvements were wbdefor most measures (RT,
variability of RT, orienting, and conflict) indepéent of training group. The only
exception was formed by the trend for the TIME x @JP interaction in the RT
analysis in the present study. In addition, in pihesent study, no overall improvement
in the number of hits was obtained, which can tebated to the generally very good

performance, as discussed above.

The attention network measures were the specifiasmme of the ANT. But
neither in the present study performed in ‘healthgults nor in the study by Wangler
and colleagues (Wangler et al., 2011) performecdchildren with ADHD, robust
specific effects of NF training have been observestead, overall improvements were

reported, which most likely were mainly relatedepeated task performance.

Beyond the realm of NF, the ANT has been applied different kind of training
study by Tang and colleagues (Tang et al., 200ifppeed in Chinese students. ANT
network measures were examined after five daysOeiiute integrative meditation
training compared to a group performing relaxaticaining. At post assessment, no
change was observed in the alerting and orientetgarks, but an improvement in the
conflict network was revealed in both groups. Inliadn, a stronger improvement in
the conflict network was obtained in the meditatjpaup, which the authors considered
a specific finding. However, similarly as it is Banportant aspect of NF studies whether
the self-regulation of the trained parameters weasnled, the question can be posed in
how far these Chinese students succeeded in aci¢ve intended meditative state.
However, this question cannot be answered for tilndysdy Tang and colleagues (Tang
et al., 2007). The other approach in NF studies d@entangling specific from
unspecific training effects is the design of a cample control training. This was the
approach chosen in Tang et al.’s (2007) study, aiteey implemented a relaxation
training as control training. But, as no specifidformation on the design of this
relaxation training was provided in their paperc@nnot be judged in how far this
constituted an appropriate control condition. Alas,basic performance measures (hits,
RT, and variability of RT) were not presented, whigould have indicated whether
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overall performance was comparable in both groitpemains difficult to judge the

specificity of the reported effects.

In summary, it remains to be examined in how fa tloncept of the attention
networks and their implementation in the ANT aresaful measure for examining the
effects of NF training. On the other hand, it hasbe acknowledged that the child
version may have been a too simple task for ‘hgaklidults and that self-regulation
abilities were not very pronounced in the presdntlys both of which constitute

limitations.

Regarding the basic performance measures, compartsm be made to other NF
studies which have employed different tasks to sasske effects of NF training on

performance in attention-demanding tasks.

In a study by Doppelmayr and Weber (2011), headtthyits either performed an
SMR (12-15 Hz), a theta/beta (theta: 4.5-7.5 Htab&7-21 Hz), or a control training.
Faster reaction times were observed in simple dwice reaction time tasks for the
SMR group compared to the other groups. The auttansidered this finding a specific
effect for SMR training. A difficulty in comparin¢gheir results to the results of the
present study is posed by the differently desigiEgrotocols. In the present study, the
beta band ranged from 13 to 20 Hz and thereby awped with both the SMR and the
beta band in the study by Doppelmayr and Weber 1(R0h this respect, the larger
decrease in RT in the theta/beta compared to the @@ SCP groups observed in the
present study may be considered, to some degrdieginvith the faster reaction times

in the SMR group reported in their study.

In addition, Egner and Gruzelier (2004) reportedtda reaction times in a
sustained attention task after beta NF trainingX834z) which was not observed in a
control group. Their results may be seen in linéhwhe faster RTs after theta/beta
training in the present study. However, as Verr2006) pointed out, their finding of
reduced reaction times after beta training may &lsorelated to a speed-accuracy
tradeoff. Vernon (2005) concluded that the findiolg Egner and Gruzelier (2004)
therefore cannot be clearly interpreted as imprgwerdormance. In this respect, Egner
and Gruzelier's (2004) findings are not line withose of the present study.
Furthermore, Egner and Gruzelier (2004) also hasemwied reduced reaction time
variability in a sustained attention task after SKR not after the control training. In
contrast, in the present study, no group-spec#ductions of reaction time variability
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were observed but rather an overall improvemenepeddent of training group.
Moreover, the specificity of findings reported igrier and Gruzelier's (2004) study has
to be considered with care due to limitations iatistical procedures and results not

being similarly observed for both sustained attentasks applied in their study.

One further study, the study by Ros and colleag2@89) which was performed
in microsurgeons, may be relevant to mention irs ttontext. In comparison to a
waiting list control group, surgical task time walsserved to be reduced after SMR
training, among others. For the SMR group, surgiask time was associated with the
desired EEG changes observed during SMR trainihg;iwprovides some evidence for
the specificity of this effect. In addition, a temty towards reduced overall
performance time was reported after alpha/thetaitiga compared to a waiting list
group (Ros et al., 2009). However, the reactioretmeasures of the tasks described in
the studies mentioned above and surgical task @air@eot really comparable measures,
for which reason the findings of this study haveb® considered with care in the

context of a discussion of NF effects on reactioretmeasures.

To sum up, at a precise level, due to differencethe NF protocol design of all
three studies, the specificity of training effects reaction times cannot be clearly
entangled. Nevertheless, it can be concluded tM#R Protocols are associated with
improved reaction time measures, while observatimingaster RTs vs. reduced RT
variability were not completely consistent. Alsot NF protocols including a beta band,
associations with faster RTs were reported, extampthe study by Doppelmayr and
Weber (2011) in which a rather high beta band (1 H2) was used.

However, these studies also pointed out that teeigg selection of a frequency
band to be trained may affect training outcomess T precisely what the discussion
about specificity of NF protocols is about and vwhopens up a whole realm of possible

further NF research.

As to working memory, performance improved from prepost training but no
advantages were observed for one of the NF groaopgpared to the control group.

Hence, H7 was not supported.

However, effect size measures revealed a largerovement (medium effect

sizes) in the theta/beta compared to the SCP grothe overall measure as well as in
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the ANF compared to the SCP group in the lower loaatition. As these effects were
only observed for certain conditions, the advantagthe theta/beta and ANF groups
over the SCP group was not very pronounced. Yenhwdoaisidering this rather minor
finding, it may be seen in the following way. Thavantage of the theta/beta over the
SCP training group might be due to the fact thatdtate of sustained attention which
was trained in theta/beta training was more applecto the working memory task than
the momentary activation trained in the negatiwigls of the SCP training. A similar
explanation may also hold for the somewhat larggrovement in the ANF compared
to the SCP group.

In summary, as these effects were at the low rafigeedium effect sizes, were
only observed for certain conditions and not in pamson to the control group, they

constitute a minor result.

The present findings may even be set in conte#tédollowing studies. A study
in healthy adults conducted by Rainer and collead&ainer, Camenisch, Esselen, &
Jancke, 2007) comprised a low beta training (12H, an SCP training and a
temperature biofeedback training group. Their tssdiffered from those of the present
study in that no overall pre-post improvement inrkimy memory performance was
observed for their task, even though one might hewjected improvements due to
repeated task performance. A further difference p@sed by their findings based on
pre-post effect size measures which revealed ingmnents in each of the two NF
groups (SMR and SCP) but not in the temperaturdbfeek group (but only regarding a
special aspect of the task, i.e. omission errdrs)contrast, in the present study, an
advantage of theta/beta over SCP training was wedeHowever, due to the different
calculation of effect size measures and the diffefends of working memory tasks

used, comparability remains limited.

The effects of NF training in healthy adults on lWwong memory were also studied
by Vernon and colleagues (2003). The SMR trainimgug learned the desired
neuroregulation and in addition showed improvedgoerance in a semantic working
memory task, in contrast to a theta enhancementaaodntrol training group. Very
similarly, also in the study by Doppelmayr and Wef#011), only the SMR group
learned the desired neuroregulation and at the siameeimproved their spatial rotation
abilities (which can be considered a working mem@ask) in contrast to a theta/beta

and a control group. These studies indicated aleamheantages of a specific NF training
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protocol, in both cases SMR training, with respctvorking memory performance
than the present one. At the same time, their tesuhy be seen partly in line with the
slight advantage observed for the theta/beta cosdptarthe SCP training in the present
study, considering the overlap of frequency barfde® SMR and theta/beta training as
discussed above. Nevertheless, comparability resrimimted due to the different kinds

of working memory tasks and NF protocols used.

Motor skills as measured by darts performance wéserved to increase from
pre to post assessment. However, the type of tigihad no profound effects on darts
performance. Effect size measures may have sughastéght advantage of the CON
compared to the NF groups. But only one effect sieasure revealed a medium effect
which indicated a stronger improvement in the C@pared to the SCP group in the
NoStress condition. Visual inspection suggested tthia result was possibly related to
performance tending to be worse in the CON groupratassessment. In addition,
according to visual inspection, the highest scavese observed at both pre and post
assessment in the SCP group (even though statigtizath the ANOVA calculated for
pre-assessment data and the ANOVA calculated esagge-post effects did not reveal

significant effects for the between-subject facsOUP).

The overall slight advantage of the CON group miglet explained in the
following way. For the subjects of the CON groupe game of darts was more in focus
as they came to every second training sessiondardo practice their strategy while
playing darts. Although the number of darts gamas exactly the same in all groups,
the subjects of the NF groups performed the damse)f as the last part of an about two
hour-long training session. Hence, besides the gardarts being more in focus in the
control group, the subjects of the NF groups map dlave been more tired when
practicing the game of darts as a transfer tasks d$pect constitutes a disadvantage in

the design of the control training.

In addition, a shortcoming of the coding of darteres has to be considered.
Darts which had missed the darts board were codedissing values. Also, darts that
hit the darts board but fell down while the subjeets still in the process of throwing
further darts (i.e. before the darts scores werigtenr down) were coded as missing

values. Instead, only the latter case should haen lonarked as a missing value while

%"in every second training session starting fromath&aining session.
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the first case should have been coded as score Hewever, darts hitting the board
and falling down before the score could be writdemn had not been anticipated when
designing the game of darts. This procedure wasdhe in all groups, but nevertheless
it cannot be ruled out that it may have affectedrésults.

In summary, when considering the darts resultsioétia no advantages of NF
training compared to CON training were observed laggce no support was provided
for H5. The results rather suggested a slight adwgnof the CON group.

Concerning performance in the WithStress conditiohthe ANT and game of
darts, the results will be discussed below. Bu ifirst step, it will be assessed wether
the WithStress compared to the NoStress conditicerted modulating effects on

performance.

In the ANT, subjects made significantly more cotrezsponses in the NoStress
compared to the WithStress condition. This findmgy indicate that the WithStress
condition was the more difficult task. In additishorter RTs and a smaller variability
of RT were observed in the WithStress conditiontogéther, the lower number of
correct responses in combination with faster resesin the WithStress condition may
also be seen as a speed accuracy trade-off rdthar heing an indicator for task
difficulty. Moreover, a stronger decrease in thealality of RT was obtained for the
NoStress condition. This may be seen in line wit higher variability of RT in the
NoStress condition which may have left more roomifoprovements. While overall
darts performance was not significantly modulatgdhe WithStress condition, a trend
towards a stronger improvement in darts performdirace pre to post in the WithStress
condition was observed. These results providedeene that the WithStress condition
exerted some modulatory effects on performanceth tasks, while effects were more
pronounced in the ANT. But it has to be acknowlellfwat the WithStress condition

had less modulatory effects on performance thaeard.

However, the hypothesis of improved performancpast assessment in the NF
groups compared to the control group under stressmot supported by the ANT and
darts data. Only regarding RTs in the ANT, medidfect sizes were obtained for the
theta/beta compared to the CON as well as comptayethe SCP group in the
WithStress condition. However, the described lamgeluction in RT in the theta/beta
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group compared to the CON and SCP groups in théStfigss condition was also

observed in a comparable way for the NoStress tondi

The only other relevant effect (Coherds> .50) observed for the WithStress
condition was a medium effect for alerting in theFScompared to the ANF group,
which was not observed in the NoStress condition.

Hence, with respect to the working memory and dgesformance in the
WithStress condition, neither a clear advantagpr@post performance improvements
was obtained for any NF compared to the controugmor for the ANF compared to

any other group. Hence, H6 was not supported.

Overall, the results obtained for the effects of ikning on attention, working
memory and motor skills can be summarized in théowiing way. One has to
acknowledge that, despite the comprehensive digguspresented above, the
advantages obtained for the NF groups were vergddnOverall, response speed and
the variability of responses in an attention-denmagpdtask, working memory
performance and darts performance were observedpmve significantly from pre to
post assessment independent of type of trainingaddition, tendencies for group-
specific pre-post changes were observed for RT&vénANT and for concentration
(trends for TIME x GROUP).

Regarding effect size measures, the following fliygmore differential results
pattern was obtained. The only somewhat more procenleffect was faster responding
in the theta/beta compared to the CON and SCP gr&lpother effects were mainly
based on a single condition and therefore the teepuésented in the following are to be
considered with caution. ANF as well as SCP trgnvas associated with improved
attention compared to the CON and theta/beta grbupsnly according to one out of
two self-report measures. Alertness under stress slightly improved after SCP
compared to ANF training. Overall working memoryfpemance was improved after
theta/beta compared to SCP training. For lower wgrkmemory load, improved
performance was observed after ANF compared to 8&Ring. Motor skills rather
slightly improved in the CON group compared to lfegroups.

Limiting factors besides the rather small samplee snay have been lacking
specific self-report measures of attention suitéime¢he peak performance range, using

the child version of the ANT which may have bedon@easy task for ‘healthy’ adults,
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shortcomings in the design of darts performanceirsgoand above all the low self-
regulation abilities acquired in the NF groups ftsegulation abilities could only be
measured for the theta/beta and SCP groups butondhe ANF group), as will be

discussed below.

However, as these measures were not the focusgirdsent study, the reported
findings have to be considered in the context @& fthrther results which will be

discussed in the following subchapters.

5.4 Effects of neurofeedback training protocols on well-being /
mood, perceived stress, and personality characteris tics

Concerning well-being / mood, perceived stress, @@rdonality characteristics as
assessed by self-report measures, ANOVAs revedledfdliowing pre-post effects
independent of training group: a significant ine@@ action orientation (HAKEMP), a
significant increase in self-access (self-accessstipnnaire), and a decrease in vigor
(POMS). Regarding the effects of training type, tmy relevant TIME x GROUP
interaction revealed a tendency towards a strodgerease of deactivation in the NF

groups compared to the control group (EWL-N).

However, based on effect size measures for pre-gustges in relation to the
control group, the overall pattern of the resultggested an advantage for the NF
groups: if effects were observed, they were in faofahe NF groups. That is, to some
degree the employed NF protocols had a strongectetin improving well-being /
mood, perceived stress as well as personality ctarstics than the control training.

Thus, based on these effect size measures, suppét2, H3, and H6 was obtained.

Concerning effect size comparisons between NF potdpon a descriptive level,
somewhat more effects were observed for the ANF3@& groups compared to the
control group than for the theta/beta compared h® tontrol group. The direct
comparison of NF protocols revealed several adgastaf the ANF compared to the
theta/beta group (medium to large effects) withpees to well-being / mood and
perceived stress. Similarly, some hints for advgegain these domains were also
observed in the SCP compared to the theta/betgpgimall effect sizes), while the
single more pronounced advantage of SCP over bettatraining (medium effect) was
obtained for self-access. The direct comparisothefANF and SCP groups revealed

some advantages for each group rather than favoregover the other. In summary,
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these findings suggest a somewhat stronger effe8N& and SCP training compared

to theta/beta training on well-being / mood anccpemed stress.

In the following, the effects obtained based ors¢heffect size measures are to be

discussed in more detail.

The ANF was the only group for which in comparigonthe control group, an
effect of medium size had been obtained in the mlbsmood of the EWL-N, which
was the most direct measure of mood employed. ®ISICP compared to the CON
group, a small effect size was revealed while theas no effect for the theta/beta
compared to the CON group. Similarly, a large dffeaze was obtained for the ANF
compared to the theta/beta group, an almost mediteut size for the SCP compared
to the theta/beta group and a small effect sizéhierANF compared to the SCP group.
These effect size measures related to the subsuwadel provided small hints for the
strongest improvements in mood in the ANF grouglofeed by the SCP group
compared to the theta/beta and CON groups. Thisrpadf results was in line with the
hypothesis (H2) of largest effects on mood in tidFAgroup and second-largest effects

in the SCP group.

A pattern of results very similar to the patterm fimood emerged for perceived
stress. Medium, small, and no effects were obsefgedhe comparison of ANF vs.
CON, SCP vs. CON, and theta/beta vs. CON, respadgtidirect comparisons between
the NF groups revealed a medium effect for ANFtlsta/beta and small effects for
SCP vs. theta/beta and ANF vs. SCP. These effeetrseasures suggest the strongest
reduction in perceived stress in the ANF groudpfeéd by the SCP group compared to
the theta/beta and CON groups providing some stijiquol6.

Concerning action orientation, the effects of N&irting have not been as strong
as expected. The medium effect observed in the/theth compared to the CON group
for improved prospective action orientation maydeen in combination with a large
effect related to decreased deactivation in théatheta vs. CON group after training.
Taken together, they may indicate that after theta/training, subjects were better able
to activate themselves and start sorting things Getting those things done that are
relevant for the moment were difficulties reporteyl several participants during the
screening interview. However, the effect sizesdioect comparisons of neurofeedback

groups had neither revealed effects for prospectation orientation nor for
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deactivation. Rather, deactivation was reduced afteNF trainings compared to CON
training (medium to large effects), and small afesuggested a slightly improved
action orientation also after SCP and ANF compaoedON training. Thus, it remains

guestionable whether this finding represents agcefpecific for theta/beta training.

The medium to large effects for reduced deactivatibserved in the NF groups
compared to the CON group may indicate that paditis were better able to activate
themselves. This ability may well be a non-specditect related to self-regulation
training, as it was comparable in all NF groupse @ifference to the control group may
be related to the more extensive self-regulatiamiimg during NF training, which may
have been more effective than the application ghittve strategies practiced during a
smaller amount of time in the CON group. HoweVvieese findings are in contrast to the
overall reduced vigor observed at post assessmenthe other hand, in a way the
observation of reduced vigor at post assessmegpardlent of training group is not
surprising. All participants made a large efforigsdite their busy schedules, to
participate in this very comprehensive and timesconing study. Thus, at post
assessment they may well have been happy to have smre time available instead of

feeling vigorous to start the next thing.

Taken together, based on effect size measureg tiaa suggest that NF to some
extent can positively affect well-being / mood a®llwas perceived stress and
personality characteristics. Positive effects orl-lveing / mood and perceived stress
were somewhat more pronounced in the ANF and SG&pgr In addition, in line with
the hypotheses, the most pronounced results regandood and perceived stress were
obtained for the ANF group. However, the resultstioese domains were much less
pronounced than expected, especially for the ANbur Limitations of the results
presented were also constituted by slightly morenpunced psychological distress
(SCL-90) in the CON group (however, group differemavere no longer significant
after Holm-Bonferroni correction) as well as sigeahtly higher dejection in the CON
compared to the ANF group. These group differetetween the CON and NF groups
may have been associated with the less pronourftedseon well-being / mood in the
CON compared to the other groups. Also, the COMitrg chosen which was not

designed to completely parallel the NF trainingy mave played a role here.

Thus, the most interesting effects are constitbtethe small hints for differential
effects between the NF groups. ANF and SCP trainiage associated with somewhat
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more pronounced effects on well-being / mood comxbdo the theta/beta group. The
clearest effects on mood and perceived stress oleserved in the ANF group (even
though effects were still rather small), while S@Rining was associated with a
somewhat more pronounced increase in self-accaessaddlition, for the SCP and
theta/beta group, results will be discussed inctir@ext of self-regulation abilities (see

discussion below).

So far, the positive effects of NF on mood wereyordported in a study on
alpha/theta NF training in adults with high withahed scores (Raymond, Varney, et al.
2005). In comparison to a mock feedback group, awgments in mood were
associated with alpha/theta neurofeedback trainivigle no changes on personality
were observed. According to the authors, partidgpah the mock feedback group did
not know that they received mock feedback. In aolditsubjects of the alpha/theta
group showed improved regulation skills within sess, albeit not across sessions.
Taken together, the authors attributed the impronexbd findings to the genuine
feedback received in the alpha/theta group. It ddwdve been interesting if results on
associations between alpha/theta regulation andimmaasures had been presented. For
the data of the present study, such associatiosuneswill be discussed in a following
chapter (see 5.5.4 Neuronal mechanisms: Self-regulan the theta/beta and SCP

group).

In contrast, in a study by Boynton (2001), no adage on well-being was
observed after NF compared to a control traininganother study (Allen et al., 2001),
increasing right relative to left frontal alphaiaity had effects on self-reported affect,
in contrast to training frontal alpha asymmetrythe opposite direction. However, this
effect was mainly related to a decrease in positiffect in the latter training group
instead of to an increase in the former trainingugt In addition, this effect was only
observed for happy but not for sad films, and unpked mood, which was assessed
after each training session, was not associatdd twé direction of training. Thus, this
study does not provide convincing evidence of pesieffects on mood related to

frontal alpha asymmetry training, in either direati

Overall, little research has been conducted reggritie effects of NF trainings on
well-being / mood in healthy adults. All of the debed studies have used a training
protocol including frequencies in the alpha raniso in the ANF group in the current
study, one of the training protocols was basedcheratpha band. However, the protocol
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of training parietal alpha synchrony was differfotn the ones employed in the studies
described above. Prominent alpha activity can lBn se the context of a state of
relaxed wakefulness (see 1.1.1 ElectroencephalogifaB(G) and mental states /
behavior). Both the alpha/theta training and thghalsynchrony training performed in
the ANF group target the training of a relaxed estaith closed eyes. As regulation
abilities could not be analyzed for the ANF grospg 3.2.3.3 Self-regulation abilities
in theta/beta and SCP training), it remains unkexbto what degree the self-regulation
of alpha synchrony may have mediated the more pmorex effects on mood and
perceived stress observed in the ANF group. Thee@se in alpha activity observed
after ANF training (see 5.5.2 Neuronal mechanisRisting EEG) may suggest that
alpha synchrony training may have mediated thetipeseffects on mood and

perceived stress in the ANF group. However, paldity the training at temporal sites
was expected to be related to positive effects ondnAs different training protocols

were included in the training of the ANF group, thgecific effects related to the

different protocols could not be disentangled.

Currently, the effects of self-regulation on moadhealthy adults are also being
examined in real-time fMRI-based NF studies — whee#f-regulation is based on
BOLD responses in specific emotion-related targebs So far, these studies have
particularly focused on the effects of self-reguolatassociated with the processing of
negative affect (Caria, Sitaram, Veit, Begliomid, Birbaumer, 2010; Johnston,
Boehm, Healy, Goebel, & Linden, 2010). Such studleswing positive associations of
BOLD response and negative affect are interesteugise they illustrate the feasibility
of rt-fMRI applications of emotion regulation. Adidinally, they may find application
in persons experiencing an inability to have emm@ianvolvement, e.g. psychopaths
(Caria et al., 2011).

However, for applications in healthy adults andikpearformance fields, the more
interesting domain would be learning to reduce hegaaffect or increase positive
affect / mood. An rt-fMRI study with a focus on o mood was performed by
Johnston and colleagues (Johnston, Linden, 2@10). Participantsn(= 17) trained to
up-regulate the BOLD signal in individually detenad target areas for positive
emotions (prefrontal cortex, insula, medial tempdohe). A control groupr( = 10)
received no feedback. The participants receivimgllback attained reliable self-control

of these emotion-areas but they were not accomgdnyielear changes in self-reported
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emotions. The authors discussed that using hepliycipants and performing only a
single session in the not-so-pleasant scanningramwient may have prevented the

detection of rather subtle mood changes.

In summary, so far, research on the effects of fdining on well-being / mood,
perceived stress, and / or personality charadesish ‘healthy’ adults is a field
comprising only several studies circumscribed ab®revious studies have used NF
protocols including the alpha band and also inNReraining of the ANF group, a form
of alpha NF has been applied. To my knowledgepthsent study was the first to study
the effects of theta/beta and SCP neurofeedbadkinigaon well-being / mood in
‘healthy’ adults. No profound effects of NF traigion the described domains have
been observed in the present study. Neverthelasgdbon effect size measures, some
advantages could be observed for the NF groups hwivere somewhat more
pronounced in the ANF and SCP groups regarding-me2fig / mood and perceived
stress. Further research is needed to examinewrfdrodifferent NF protocols are able
to positively affect well-being / mood, perceivedress, and / or personality
characteristics in healthy adults. Also, the emmggfield of rt-fMRI for emotion
regulation is a promising approach.

5.5 Neuronal mechanisms underlying neurofeedback

5.5.1 Neuronal mechanisms: Event-related potentials

One of the main results regarding the neuronal am@sms underlying the
different NF protocols studied was based on CNVsuszs during the ANT. Although

merely a statistical trend was observed for grqugesic pre-post changes in CNV

amplitudes, this effect lay in the range of a medieffect size ;(pz = .12) and can

therefore be considered relevant. Post-hoc testsaled stronger increases in CNV
amplitudes from pre to post in the three NF groopspared to the CON group, for
which amplitudes rather decreased. When corredtngnultiple comparisons, solely

the difference between the theta/beta and CON gremained significant. However, as

effect sizes for all three pair-wise comparisonsitathe range of large effectsp% >
.14), they can be considered relevant findings.arR#gg pre-post changes in CNV
amplitudes, all three NF groups were very comparabhis was indicated on the one

hand by the large effects obtained for the comparaf each NF to the control group as
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described above. On the other hand, this was itetiday post-hoc tests having revealed
no significant results for the direct comparisonN#f groups. The result of larger pre-
post increases in CNV amplitudes in the NF groupapared to the control group was
in line with H10.

However, no larger increase in CNV amplitude waseobed in the SCP group
compared to the other groups, and in this resp&6twhs not supported. According to
the close relation between the CNV and SCPs, fréhearetical perspective one would
expect SCP training to have the strongest effedHN amplitudes compared to other
NF protocols. So far, to my knowledge, there existly one study in which the effects
of both SCP and theta/beta training on CNV ampétutdave been examined (Wangler
et al.,, 2011). In this study, which was performadchildren with ADHD, a pre-post
increase in CNV amplitude was observed to be spdoif SCP training.

Based on this finding, the same specificity of Stténing was expected in
‘healthy’ adults. However, it has to be consideiteat in children with ADHD, reduced
CNV amplitudes have been observed (Banaschewslkl.et2003; Sartory, Heine,
Mduller, & Elvermann-Hallner, 2002). This may leav®re room for improvement, and
SCP training may act in a way to ‘normalize’ CNV @iudes. In this respect, findings
in children with ADHD may not be directly transfeta to SCP training in ‘healthy’
adults. One further aspect that may be relevanthia context is that the visual
inspection of the CNV data of the present studygsated the largest CNV amplitudes
at pre assessment in the SCP group (even thougstatigtically significant group
differences at pre assessment were observed)idndspect, the pre-post increase of
CNV amplitudes in the SCP group may be consideatker good: despite slightly
higher pre-training CNV amplitudes, for participardf the SCP group a comparable

increase in CNV amplitudes was observed as foother two NF groups.

Moreover, a small hint for a possibly specific effef SCP training on increasing
CNV amplitudes in the present study comes from analysis of self-regulation
abilities. For participants who belonged to theugrof good performers regarding self-
regulation during negativity trials, the pre-posicrease of CNV amplitudes in
SpatialCue trials was observed to be larger thanbéw performers. This may be
considered a small hint for a specific effect retetto SCP training. However, as such an
association was not observed for the other cueitonsl and also not for the self-
regulation analysis based on differentiation absitit is a very small hint.
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Furthermore, it needs to be considered that smfdy, few studies have examined
the effects of SCP training on CNV amplitudes, awdn less have also used a well-
controlled design. For instance, one study in candwith ADHD (Heinrich et al.,
2004) reported increased CNV amplitudes after $@iRihg in contrast to a waiting list
group. This finding is comparable to the resultshef present study of a larger increase
in CNV amplitudes in the NF groups in comparisorthte CON group. Yet due to the
limitations posed by a waiting list control groupferences regarding the specificity of
the effect remain limited. In another study in whiSCP training was compared to a
group therapy in children with ADHD (D6hnert et,&008), CNV amplitudes were
observed to decrease from pre to post trainingoih lgroups. However, this decrease
was less pronounced in those children that suadgskbd learned SCP self-regulation.
This may be seen as a small hint related to afgpeéiect for SCP training.

To sum up, to date the study by Wangler and calleag(2011), which was
performed in children with ADHD, has obtained theacest results with respect to the
specific effects of SCP training on CNV amplitudesthe near future, the results of
currently ongoing studies with well-controlled dgs may provide further insights

with respect to the specificity of effects (see 1 Glinical studies of neurofeedback).

With respect to theta/beta training, the pre-postaase in CNV amplitude in the
theta/beta in comparison to the CON group contrastis the findings reported by
Wangler et al. (2011). In their study, they had observed an increase in CNV
amplitudes after theta/beta training, but onlyr@a8€EP training. As discussed above, it
remains a question in how far results observedhitdien with ADHD and ‘healthy’
adults are comparable. In addition, the questionares unresolved in how far this
increase in CNV amplitude after theta/beta trairgg specific or unspecific effect of
theta/beta training. However, it may well be poksiiat this finding is an unspecific
effect related to the design of theta/beta trainvtgch, in contrast to SCP training,
consisted of a few long trials. As this has alrebdgn discussed in the context of the
larger pre-post increase in response speed obsafi@dheta/beta training, the reader
is referred to that chapter for a further discusgisee 5.3 Effects of neurofeedback
training protocols on attention, working memory,damotor skills). A similar
explanation may hold for the effect in the ANF guou
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Concerning attention network measures at the le/€ NV amplitudes, neither
was an overall pre-post improvement observed megost improvement related to a
specific type of training. This finding is in lingith Wangler et al. (2011) where in the
authors’ opinion, also no training-related effemtsthe attention networks at the level of

CNV amplitudes were observed.

Overall, these findings of a pre-post increase MvGmplitudes in all three NF
groups in comparison to the control group may iatfichat these NF protocols enhance
the allocation of attentional resources during pineparatory phases of an attention-
engaging task. Based on the analysis of self-régulaabilities, small hints were
observed which may possibly indicate a specifiedfffor SCP training on CNV
amplitudes. Yet in order to delineate the spetifiof the effects of these different NF
protocols on allocating attentional resources dupreparation, which is thought to be

displayed in CNV amplitudes, further research isdesl.

Regarding cue- as well as target-P3 amplitudes unedsduring the ANT, the
following results were obtained. No significantesfifs of training or of type of training
on both cue- and target-P3 amplitudes were obseisd at the level of effect size
measures, no relevant effects (Coheah%s .50) were obtained for comparisons of pre-
post changes between groups. Furthermore, anddgses! on the attention networks at
the level of cue- and target-P3 amplitudes didrewgal significant effects of training or

type of training, either.

These results may be seen as contrasting EgneGarmklier (2001), who had
observed increased P3 amplitudes after a combiiid @2-15 Hz) and beta (15-18
Hz) training, and to Egner and Gruzelier (2004),owtiad observed increased P3
amplitudes after beta (15-18 Hz) training in healddults. However, in their second
study, Egner & Gruzelier (2004) did not observer@éased P3 amplitudes after SMR
(12-15 Hz) training and in this respect, their fimgs may be seen in line with those of
the present study. Yet due to the differencesaming protocols, their results remain
difficult to compare with the present study, whére beta band ranged from 13 to 20
Hz.
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Nevertheless, findings of increased P3 amplitudies beta training do not seem
very robust. In the study by Egner and GruezliedO@, pre-post changes were
analyzed based on t-tests and no ANOVAs includiogig as a factor were calculated,
which has to be considered a limitation of theialgsis. In addition, in the study by
Wangler et al. (2011) which was performed in clafdiwith ADHD, a decrease in
target-P3 was observed both in the NF (combinetitiheta and SCP training) and the
control group. At the same time, performance in ANT was observed to increase,

which was interpreted as reflecting adaptatiorneotask.

For the theta/beta group, target-P3 amplitudes \atse viewed in the light of
self-regulation abilities acquired during trainifigased on the theta/beta ratio). This
analysis to some extent revealed an associatiogootl performance with reduced
target-P3 amplitudes, while no such association eleserved for cue-P3 amplitudes.
This result was contrary to the expectation of ifigdincreased target-P3 amplitudes
after theta/beta training. However, as discusseavgbthe expectation of finding

increased P3 amplitudes after theta/beta trairamgpt well supported by the literature.

In addition, it also remains to be questioned iw Har larger P3 amplitudes can
be seen as indicators of improved processing igiliFor example, in the study by
Wangler et al. (2011), the described pre-post @serén target-P3 amplitude was larger
for more intelligent children. In a similar way, ihe discussion of their paper Howells
and colleagues (Howells et al., 2010) report ortudyswhich has observed repeated
task performance to be associated with decreaseanpBtudes. These findings suggest
that in the context of repeated task performaneerahsed target-P3 amplitudes may

rather be desirable.

Taken together, the observed association of goatbrmpeance in theta/beta
training in the theta/beta group with reduced taRf& amplitudes may be a very slight
hint for a specific effect of theta/beta traininglowever, limitations for the
interpretation of this result are the followingisttassociation was not obtained for all
cue conditions; such an association was not obdefwe cue-P3 amplitudes; and it
remains unclear whether an increase or a decrdaseget-P3 amplitudes would be
desirable. Also with respect to self-regulationliibs, target-P3 findings are in contrast
to Egner and Gruzelier (2001) who observed reguiadbilities of SMR as well as beta
training to correlate positively with increased &8plitudes.
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To sum up, none of the NF training protocols exkegrofound effect on cue- or
target-P3 amplitudes during the ANT. Also the dttennetworks effects at the level of
cue- and target-P3 amplitudes were not alteredaltraining. Only the analysis of self-
regulation abilities in the theta/beta group regdad very small hint for an association
of theta/beta training with target-P3 amplitude. e, when also considering
literature, no convincing evidence exists to datetlie effect of different NF protocols

on P3 amplitudes during the performance of an ttterdemanding task.

5.5.2 Neuronal mechanisms: Resting EEG

Eyes-open resting EEG measures revealed a sigrtifica-post increase in theta
and alpha activity as well as a trend for betavagtindependent of training group. This
may be seen as a sign for the participants being netaxed and possibly slightly more
focused at post assessment. Resting EEG is tharfeasure subjects performed after
electrodes were hooked up. At pre assessment, edeggthing was still new, they may
have been tenser. At post assessment, they knetmovbapect and therefore may have

been able to be more relaxed.

Differential pre-post effects related to the tygetraining were obtained for the
alpha-band as indicated by a significant TIME x EORODE x GROUP interaction.
Post-hoc tests calculated separately for eachretkctrevealed a significant result for
Pz, which seemed to be related to a larger pretpostase in alpha activity in the ANF
group relative to the other groups. However, whemecting for multiple testing, this
effect did not remain significant. Yet when considg effect size measures based on
group comparisons of pre-post changes in alphaigtihe following pattern of results
was obtained. Medium effect sizes indicated lafgerpost increases in alpha activity
(Pz) in the ANF vs. CON group as well as in the C@\ SCP group. This larger
increase in alpha activity in the ANF group wasalssplayed in effect size measures
related to the direct comparison between NF grolgsge and medium effects sizes
were obtained for the ANF compared to the SCP aethtbeta groups, respectively.
This finding may constitute a differential effecr fANF training which is displayed at
the level of effect size measures. The ANF traininguded an alpha synchrony

training protocol which was performed at parietldctode sites. The learned self-
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regulation of alpha activity may have allowed thbjscts of the ANF group to achieve
a relaxed state during resting EEG measurementewher attention was required.
Unfortunately, self-regulation abilities could nm¢ analyzed for the ANF group (see
3.2.3.3 Self-regulation abilities in theta/beta &@P training). This would have made it
possible to further clarify the specificity of theffect.

Concerning the theta (Cz) and beta (Cz) band, levast effects were observed
for the NF groups compared to the CON group (Cahdrk .50). For the theta band,
the direct comparison between theta/beta and SG&pgrrevealed a medium effect
size. This effect was related to a pre-post in@eagheta activity in the SCP group,
which was not observed in the theta/beta groups;Ttmnen considering these results
with respect to the question whether theta/betmitrg in ‘healthy’ adults leads to
differential effects in resting EEG measures, tii®Wing can be concluded. Theta/beta
training did not lead to differential resting EEGanges in the trained frequency bands
(theta and beta) at the trained electrode site. (Ef¢ct size measures had only been
analyzed for this trained electrode site. ANOVAssdzh on theta and beta activity
measures (at Fz, Cz, and Pz) had also not reveadguficant interaction effects
(including the factors TIME and GROUP). Taken tbgef it can be concluded that in
‘healthy’ adults, theta/beta training did not exemdfound differential effects on resting

EEG activity in the theta and beta band, neithdroaital, nor central, nor parietal areas.

When looking at these results, the following quotais of relevance: “Whether

NF training affects spectral EEG measures in hga#thbjects, who by definition
display a spectral EEG composition within a ‘normange in the first place, is
currently not known.” (Egner, Zech, et al., 20042453). So far, there are only a few
studies that have examined the effects of NF podomomparable to theta/beta training
on resting EEG measures. For example, Egner aridagoles (Egner, Zech, et al.,
2004) examined the effects of a low beta trainitg-15 Hz, at Cz, with theta inhibit
band) in healthy adults on resting EEG measuregy Tdbserved some changes in
resting EEG measures, but not in an expected whg. changes observed were not
necessarily related to the frequency band traittezl; were not consistent across their
two experiments, and they were not observed asitkeof training (Cz). For instance,
effects observed in the low beta band indicatedeerethsed low beta activity even
though the subjects trained to increase low betarebler, these effects were observed
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at scalp locations other than the site of NF tragniThis topic was also addressed by
Vernon (2005) and provides a good summary:
An implicit assumption that permeates the neurdfeel literature and underpins
current practice is that the training process lgifld to changes in the EEG, which in turn
produces changes in behaviour. However, it shoelchdted that the link between these
components is not well established in either penforce enhancement [...] or the clinical

literature [...], especially with respect to predita changes and correlations between
changes and outcome variables. (p. 348, 352)

In summary, the present study does not providesamport regarding theta/beta
training being associated with specific resting E&anges. It also remains a question
in how far it can be expected that a training ieahhy’ adults, which aims at enhancing
attentional abilities, may lead to EEG changes fiasding state, which does not require
attention. In addition, the resting EEG assessment closely resembled the baseline
measurement which was performed at the beginnirepol theta/beta training session,
during which subjects were asked to sit quiethyhaitt begin especially focused. This is
different from the changes in alpha activity obsern the resting EEG after ANF
training. The ANF training included a relaxatioraiting. For the subjects, EEG
assessment during a resting state may have beeoiased with a relaxed situation.
Thus, resting state EEG assessment in this casehmagy reflected a situation which
was related to a state trained during ANF trainmmagnely relaxation.

In a next step, effects (based on effect size nmegksuelated to theta activity are
to be discussed in the context of SCP training.tRerdirect comparison between NF
groups, effect size measures for the theta bandl i@zaled medium effects for the
SCP compared to the theta/beta and ANF group. These related to a pre-post
increase in theta activity (Cz) in the SCP compacethe other two groups. A similar
tendency, i.e. a larger increase in theta acti{@y) in the SCP group, was revealed
compared to the control group (small effect siZzéle difference in the change of theta
activity in comparison to the other NF groups disat above may suggest a specific
effect related to SCP training. However, as witspeet to the CON group only a small
effect size was obtained, it remains questionableiw far this finding is really specific

for SCP training.

In addition, as outlined above, it is not cleahmw far NF training in ‘healthy’
adults can be expected to modulate resting EEG uresmisThis holds especially when
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the mental state trained and the mental statenetjduring resting EEG assessment do
not match. In negativity trials of SCP trainingpgcts trained to achieve an activated
state which is also associated with being preparba state does not match with the
state during resting EEG assessment, where pamitspare merely required to sit still,
which is not an attention-demanding situation. émtcast, during positivity trials, the
subjects trained to achieve a relaxed state, whichomparison to the active state
during negativity trials rather represents a deattid state. This state may be somewhat
related to a relaxed state in which participanty firad themselves during resting EEG
assessment. As relaxation is known to be associattd alpha activity (see 1.1.1
Electroencephalogram (EEG) and mental states NVomhaone may have expected to
find increased alpha activity after SCP trainiriggany change in resting EEG measures

could be expected at all.

Associations of pre-post increases in alpha agtivivith a reduced
symptomatology have been reported after SCP tigimm children with ADHD.
Gevensleben and colleagues (Gevensleben, Hollgéiiby Schlamp, et al., 2009) have
described a pre-post increase in central alphaigcto be associated with behavioral
changes (reduced ADHD symptomatology according @ocemt ratings) after SCP
training. This association was mainly related tdueed symptoms of hyperactivity /
impulsivity, rather than to reduced symptoms oftteration. Similarly, Dohnert et al.
(2008) observed a tendency towards a correlationooéases in upper alpha activity (at
Pz) and reduced impulsivity (parent ratings) afe€CP training. However, the
comparability of these findings in children withote in ‘healthy’ adults remains
difficult for the following reasons. Increased adpactivity in these studies was mainly
related to improved symptoms of hyperactivity / uigivity instead of to attention,
which is a relevant finding for SCP training in Idnén with ADHD. Yet in ‘healthy’
adults, the focus of SCP training is clearly to ioye attention, while in this context
hyperactivity / impulsivity do not play an importarole. In addition, in children with
ADHD, the resting EEG assessment may have displayeelevant situation, i.e. a
situation which may be able to display effects &f txaining. Resting EEG assessment
required being quiet and sitting still, which isreething children with ADHD, at least
those with more pronounced symptoms of hyperagtivitimpulsivity, experience
difficulties with. A NF training in children with BHD aims at improving both
attention and hyperactivity / impulsivity. In thiespect, it makes sense that changes in
alpha activity were observed to be associated wiglroved hyperactivity / impulsivity.



Discussion Page|155

Due to the aspects discussed, the comparabilitigesfe results in children with ADHD

and ‘healthy’ adults remains very limited.

Overall, it remains questionable in how far restBEG represents a relevant
measure for examining the effects of NF trainingdiealthy adults, at least if training
focuses on increasing attentional abilities. In phesent study, changes in resting EEG
measures rather seemed to be related to partisiparall groups being more relaxed
during post assessment. The only more differefitiding was observed in the alpha

band: ANF training was related to increased alphiity (Pz).

5.5.3 Neuronal mechanisms: TMS

A tendency for smaller SICI at post assessment otEerved independent of
training group, which was most likely an effectrepeated assessment. In addition, a
differential effect of the type of training on ppest change of SICI was observed. Post-
hoc tests revealed that this effect was relatédrger increases in SICI from pre to post
in the theta/beta group compared to the CON and giebps. Even though this finding
was no longer significant when correcting for npl#i comparisons, due to the large
effects obtained at the level of effect size measut may well be considered relevant.
Also in comparison to the SCP group, effect sizesuees revealed a larger pre-post
increase in SICI (medium effect) in the theta/bgtaup. Taken together, these results
indicate that intracortical inhibition was incredsater theta/beta training relative to all
other training groups, where rather a pre-postedse in SICI was observed. This

pattern of results may suggest a specific effetheta/beta training on increasing SICI.

However, it has to be considered that at pre assags a tendency for group
differences of SICI was observed. These were mkladarger SICI in the CON group
compared to the NF groups at pre assessment. Ajththese differences were no
longer significant after correction for multipleraparisons, they have to be taken into
account when interpreting the results based orttediee measures. Thus, the difference
in the pre-post change of SICI between the theta/ed CON group remains difficult
to interpret — also because SICI at post assessm#rd theta/beta and CON group was
factually the same.

Therefore, the more interesting finding is the efénce in pre-post change of
SICI between the theta/beta and ANF group. Accgrdinhypothesis 11, ANF training
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was not expected to affect motor system excitgbilit this respect, for the analysis of
SICI measures, the ANF group can be consideredn&ratogroup. Similarly to the
comparison of the theta/beta and CON group, alsthi® comparison of the theta/beta
and ANF group, a large effect size was obtainedichivhwas related to a pre-post
increase of SICI in the theta/beta group in comtmnmawith a decrease in the ANF
group. As there were no pre-training group diffeesnin SICI between the theta/beta
and ANF groups, this finding is better suited tggest a potentially specific finding of
an effect of theta/beta training on SICI. The sanpattern obtained for the theta/beta
compared to the SCP group, albeit only in the dsi@nof a medium effect size, may

provide further support for this possible interpten.

Concerning ICF, even though no statistically sigaifit results were obtained,
based on effect size measures, medium effects el@eened which nevertheless may
constitute relevant findings. Medium effects welesarved for the CON compared to
the SCP and ANF groups, which were related to gpst increase in ICF in the CON
group compared to the other two groups. Visualeotpn indicated the smallest ICF
values in the CON group at pre assessment (eveughhamo significant group
differences in ICF were revealed at pre assessmiengddition, also based on visual
inspection, factually similar ICF values were olser for the CON, SCP and ANF
groups at post assessment. Thus, also regardingi€Rfindings obtained for the CON
group remain difficult to interpret.

Regarding the effects related to the theta/betapgra medium effect size was
observed for the theta/beta compared to the SCipgand an almost medium (but
nevertheless small) effect size for the theta/loet@mpared to the ANF group. These
effects were related to a pre-post increase in ilCthe theta/beta compared to both

other groups. This may possibly indicate a speeffiect for theta/beta training.

As the SCP training protocol directly targets tbgulation of cortical excitability,
one may rather have expected to find a differewefif@ct of SCP training on SICI and/or

ICF. However, such an effect was not observederptiesent data.
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In summary, these data suggest that theta/betsingaivas associated with an
increase in SICI as well as with an increase in ofpared to the other two NF
protocols. Such an effect, i.e. a “treatment” legdito an increase in SICI in
combination with an increase in ICF, is a rare ifugdin the TMS literature. In a study
by Kirschner and colleagues (2003), which was peréml in healthy adults,
methylphenidate was observed to increase both &@IICF. This is exactly the same

pattern as that observed after theta/beta training.

This is an interesting finding for the followingasons. The motivation to use
TMS assessments in order to examine the effectSlFoftraining on motor system
excitability was derived from the application of M&ining in children with ADHD, for
whom reduced SICI is commonly reported in the ditere (e.g. Moll et al., 2002).
Furthermore, methylphenidate is the psychostimuthog which is most commonly
applied as a treatment in children with ADHD. Wteministered in healthy adults, it
exerted the above-described effects on motor systamtability, although according to
the authors this was an unexpected finding whidtil theen had not been observed in
the literature. Thus, in ‘*healthy’ adults thetafb#&tining was observed to have similar
effects on motor cortex excitability as methylpliate. However, the functional

significance of the changes observed after thetatib@ning remains unknown.

In contrast, in children with ADHD, methylphenidateas been reported to
increase SICI while having no effects on ICF (Metl al., 2002). Thus, it remains
difficult to draw conclusions from the present stuabout the effects of theta/beta

training on cortical excitability in children withkDHD.

So far, there is only one study in which the efexft NF training on motor system
excitability have been examined (Ros et al., 20T@g authors reported an increase in
corticospinal excitability (based on single puls#S) after training, but without
differential effects for the two different NF prots applied in healthy adults. No pre-
post changes in SICI or ICF were observed. Onlyjyara based on t-tests revealed
increased corticospinal excitability and decreaS&dl in the alpha training group but

not in the low beta training group.

The low beta training group of Ros et al.’s stud910) may to some degree be
considered comparable to theta/beta training. hirest to the present study, no effects
of low beta training on SICI or ICF were observeidwever, it is difficult to compare
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the results of the two studies, as their desigfeiditl from that of the present study in
various ways: TMS was performed before and aftesirgle session of NF; NF

protocols were alpha training or low beta (12-15) Haining; NF training was

performed at C3, i.e. about at the position whawSTwas applied; and they used no
control group. Thus, their missing results relateéffects of low beta training on TMS
measures may also be related to the fact thatgbggrmed TMS after a single session
of NF training. In order to observe the effectsN# training on behavior, a whole
training schedule of NF sessions is needed, comgran absolute minimum of about
10 sessions, better 20 to 30 sessions, or even. I@blle Ros and collaborators (2010)
were able to observe some effects related to al@iaing. Overall, it seems more
interesting to examine motor system excitabilitfeafan extensive training schedule

like in the present study.

Nevertheless, their design has a clear advantagyetioe present study in that they
assessed TMS measures directly before and aftér sebkion. Yet similarly to resting
EEG assessments, in healthy adults the functiaogaifisance of altered motor system

excitability during a resting state remains deblatab

To conclude, to my knowledge this was the firsdgtin which TMS measures
were applied to assess the effects of theta/b&i® &d ANF training in ‘healthy’
adults. The results possibly suggest a specifiecefif theta/beta training on increasing
both SICI and ICF. However, further studies inchglia larger sample and in which
neuroregulation is better learned are needed,derdio examine whether this finding
can really be considered specific for theta/bedaing. In addition, in order to address
the functional significance of NF-induced changesnotor system excitability, TMS
measures should be assessed directly after a hngasession or even also during

neuroregulation.

5.5.4 Neuronal mechanisms: Self-regulation in the t heta/beta and

SCP group

The analysis of self-regulation abilities is a noeththat further addresses the
question of the specificity of NF effects. Thisdene by associating self-regulation
abilities in the trained frequency band(s) with moyements at the behavioral,

performance and / or neurophysiological level.
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In the present study, for both theta/beta and S@ming, some associations
between regulation abilities and behavior / neuysmiogy were observed. However,
these findings are far from being compelling. Themtonstraint of the present study is
that for both theta/beta and SCP training, seltd&gpn was not sufficiently learned.
These insufficient self-regulation abilities togathwith the small sample size may well
be the main explanation why only few significarfieets in favor of NF trainings were
obtained in the present study. Nevertheless, @nma#ightly in favor of the particular
NF protocols became visible. In this respect, maes interesting to look at the
associations of the self-regulation abilities aetidvioral / neurophysiological findings
of the present study. In the following, the resulated to the self-regulation analysis,
which was based on the comparison of good with fexdormers, will be discussed.
However, for the interpretation of the resultsnéeds to be considered that using a
median split to divide each training group into d@nd bad performers resulted in very

small group sizes.

Concerning theta/beta training as performed inttle¢a/beta group, the following
pattern of results was obtained on the behavieradl! Good performance (based on the
theta/beta ratio) was associated with reduceduefigess reduced vigor, and improved
abilities to manage frustration and modulate enmstioAt a statistical level, these
findings were not very robust, as the results di remain significant whep was
adjusted for multiple testing. Yet at the levelefifect size measures (Cohens large
effects were obtained for all three measures, wimay be considered a relevant
finding.

Reduced fatigue after theta/beta training is aifigdhat may be seen as fitting
well with the theta/beta protocol. During trainirsggveral participants were observed to
get tired in the course of training and especidllying long self-regulation blocks,
which lasted for ten minutes. Thus, during trainthgse participants directly practiced
the application of their self-regulation abilitissmaintain a state of sustained attention
even when they started to get tired, or to apphirtiself-regulation strategies to
reacquire a state of sustained attention. Thudatige effect sizes observed for reduced
fatigue in good performers may possibly indicatat tthese participants were able to
transfer their self-regulation abilities practiadating training to daily life situations.
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This finding of reduced fatigue after theta/betaining may be related to the
finding of a less pronounced reduction of vigomthia bad performers. At first glance,
this result seems negligible, as no improvementigor was observed but only a less
pronounced reduction. However, as discussed in exiqus section, the pre-post
decrease in vigor observed independent of group naae been related to the large
effort subjects had made for participating in timse-consuming study. In this respect,
the less pronounced reduction of vigor may be seen positive sign. Possibly, it is
related to subjects feeling less tired which mayease their vigor or rather which may

have prevented a stronger decrease in vigor.

The finding of their improved ability to manage dtration and regulate emotions

was rather unexpected.

In addition, as already discussed in a previousptelna(see 5.5.1 Neuronal
mechanisms: Event-related potentials), an assoniafi good performance in theta/beta
training with reduced target-P3 amplitudes durihg ANT was also observed, even

though this association was only significant fomgoof the ANT conditions.

Regarding SCP training, good performance (basathi@differentiation measure)
was associated with overall improved attentionallsskwith improved regulation of
alertness / sustaining effort and processing spediell as with decreased fatigue and
decreased displeasure. All of these results wesecaged with large effect sizes
(Cohen’sd), but when adjusting-values for multiple comparisons, only the restots

the improved regulation of alertness and reducegu@ remained significant.

Reduced fatigue was a common finding for both S@dPtheta/beta training. This
finding may be explained in a similar way as the éor good performers in theta/beta
training. The result that good performance in SE&ning was associated with

improved attentional abilities is conform to thepegtations.

Moreover, as already discussed in a previous chafsee 5.5.1 Neuronal
mechanisms: Event-related potentials), an assoniatf good performance (based on
self-regulation of negativity trials during SCPimiag) with increased CNV amplitudes
during the ANT has also been observed. Howeves, degsociation was only obtained
related to self-regulation abilities during negagivtrials, but not with respect to the

differentiation measure of self-regulation.
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As interesting as the analysis of self-regulatibilitees related to a particular NF
protocol is, however, the more difficult it is tagameterize. So far, there is no standard
how to measure self-regulation. In the followingyeral critical points with respect to

the self-regulation analysis as used in the prestendy will be discussed.

A crux of the performed self-regulation analysi$ieh holds for both theta/beta
and SCP training, is the following. Within the fitsvo sessions, the duration of most
self-regulation blocks was shorter than for théof@ing sessions. The idea behind this
design was to give the participants a chance toragwdate to the training protocols
before increasing difficulty by increasing the dioa of a self-regulation block. In the
present self-regulation analysis, self-regulatiomrirdy the first two sessions was
compared to self-regulation during the last twosgess. Thus, self-regulation during
shorter self-regulation blocks at the beginningtted training was compared to self-
regulation during longer self-regulation blockstla¢ end of the training, and it was
expected to observe improved self-regulation atethe of training. This is definitely
not a good procedure. Therefore, it should be demed in all future studies that across
training sessions, self-regulation blocks shouldib@larly designed in order to ensure

pre-post comparability.

With respect to theta/beta training, self-reguiatwwas analyzed relative to a
baseline assessed at the beginning of a sessi@n stbjects were comparably fresh
and came from an active state of coming to thaitrgi The session consisted of about
50 minutes of self-regulation and in total lasted dbout two hours and was therefore
rather exhausting. Thus, it remains questionablethr it is an acceptable procedure to
measure self-regulation with respect to baselisessnent performed at the beginning
of the training. In this respect, the theta/betaqarol used in another working group has
the advantage that the baseline used for trairingpntinuously updated (Leins et al.,
2007). However, the theta/beta protocol of thaugroonsisted of many short trials (10
seconds), while in the present study self-regutatias performed in long blocks (5 to
10 minutes). For this reason, the method of a nantisly updated baseline was not
applicable to the design of the theta/beta traimmnthe present study. Another solution
to this problem may be to acquire another basehnthe middle or at the end of a

training session.
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A further aspect related to self-regulation anayserformed relative to a baseline
is that during baseline assessment the participayt not necessarily be in the desired
state. For example, a participant may well havenbeencentrated during baseline
assessment for theta/beta training, despite thrugt®n to be relaxed. During training,
some subjects have reported that when they arfarettaining, they had a lot on their
mind which they could not easily stop thinking ©his cannot be reliably controlled for

and thus baselines are not as objective measuthsyamay seem.

Regarding SCP training, the analysis was basedhenntean amplitudes of
negativity and positivity trials per self-regulatiblock, which did not include segments
with artifacts recognized by the feedback softwarmwever, if artifacts went
unrecognized by the software, these data were dedliun the average. For future
studies, it would be desirable to perform an offlartifact correction on a trial basis
using an established EEG analysis software (e.gioWAnalyzer). In addition, such a
method also allows for a distinct analysis of ddéfg time periods within a self-
regulation trial instead of averaging over the vehpériod of 6 seconds. This procedure
has been applied in a Master Thesis (KleemeyerQ)28ad can be recommended for

future studies.

In addition, using the method of median split teidit a NF group into a group of

good and bad performers with respect so regulaidlities clearly has its limitations.

Moreover, it needs to be discussed in how far it ba expected that self-
regulation abilities increase in the course ofnirag. For example, for alpha/theta
training, Raymond et al. (Raymond, Varney, et2005) have observed improved self-
regulation abilities within sessions, but no inseaf self-regulation abilities across
sessions. Vernon obtained a similar finding witbpext to SMR training (Vernon et al.,
2003; Vernon, 2005).

These limitations have to be considered with resfethe results obtained based
on the self-regulation analysis of the presentyst&drthermore, they also illustrate the
complexity behind analyses of self-regulation measult remains the task of future
research to establish methods that allow reliabkasurements of self-regulation
abilities. In addition, in order to allow for themparability of findings across studies, it

would also be desirable to establish a standarddifiregulation analyses.
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However, despite the elaborate above discussionthen limitations of the
employed self-regulation measures, overall it hasbé acknowledged that self-
regulation (theta/beta or SCP) was not learnedcseifitly well during training in rather
many subjects. Missing self-regulation abilitiesrevealso observed in other peak
performance NF studies. For instance, in a studiptypelmayr and Weber (2011) in
healthy adults, only the SMR group was able toaahiself-regulation skills while the
beta training group did not. Similarly, also Vernamd colleagues (2003) reported that
only the SMR group, but not the theta enhancementipy acquired self-regulation
skills. However, as was later argued by Vernon 800 his previous study the SMR
group only achieved self-regulation within sessjobsit no improvement across
sessions was observed. In this way, Vernon et @083) study is not comparable to
the self-regulation analysis where a change inrsgifilation in the first two sessions

was compared to the last two sessions.

Thus, the most relevant question that has to bedaskwhy self-regulation was
not learned sufficiently well during training inélpresent study. The following points

may have counteracted a good acquisition of sgliHegion skills.

One of the most relevant points may have been il snumber of training
sessions. NF training was performed in ten doubbsisns, each including about 50
minutes of neuroregulation. As a NF training usuabmprises 25 to 50 training
sessions (Heinrich et al., 2007), the small numdfetraining sessions used in the
present study is clearly a limitation. More tramisessions may have enabled the
participants to better learn the self-regulationpobtocol-specific EEG parameters.
Other NF studies in healthy adults comprising allenaumber of training sessions,
report mixed results with respect to neuroregutatieor example, Vernon et al. (2003)
reported that subjects learned the self-regulatbiSMR after eight sessions of NF
training. In contrast, the group performing a thetdancement training was not able to

acquire self-regulation abilities after these eggdsions.

In addition, training sessions of about two houraynhave been too long.
Practicing self-regulation in training blocks whigm at reinforcing an activated
(negativity trials of SCP training) or focused stétheta/beta training) is an attention-
demanding and exhausting process. In this resgecstay have been less tiring and
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thereby more effective to use a training sched@20oone-hour sessions instead of 10
double sessions. However, at least for those faatitcs who had a longer way to come
to the training sessions, doubling the number aining days might have reduced

compliance.

Some of the participants had very busy time sclesdahd were already tired
when coming to the training. This may not have badreneficial state for acquiring

self-regulation skills.

Another aspect, which is more applicable to SChiitrg, is related to artifacts.
Both artifacts related to sweating during warm swendays as well as subjects arriving
with a cold in winter have led to many invalid tsi@ue to bad signal quality. Yet also
apart from these especially difficult occasions thainer closely monitored the time
course of the EEG and EOG signals to check themaftfacts. The trainer also
observed the participant to detect small muscle randement artifacts that may have
influenced the feedback signal. If artifacts weetedted which were not recognized as
such by the software, feedback was provided toptréicipant that artifacts had been
observed. This procedure of closely controlling dotifacts may have interfered with
the participants’ practicing of self-regulation lghss.

Moreover, the participants were suggested to devaeiaividual cognitive
strategies in order to acquire self-regulationiskihstead of merely focusing on the
feedback signal. Mostly, these strategies werde@léo daily life situations in which
the participant had experienced the desired stdbe acquired during training. Whether
such strategies are helpful for acquiring self-tegon abilities has not yet been
studied. In a study in children with ADHD (Lansbeing van Dongen-Boomsma, et al.,
2011), the authors had discussed that the mis&ngfigial effects of NF in their study
may have been related to the missing implementaifoactive learning strategies. In
this respect, they have argued for the use of strakegies, but this remains speculative.
In addition, the acquisition of regulation abilgiby means of cognitive strategies may
better enable participants to transfer this statetge during training to daily life
situations. How well the transfer to daily life usations succeeded has not been

evaluated in the present study and thus also ttgethesis remains a hypothesis.

Another interesting aspect, which is to be mentibbat without being further

elaborated on, is predicting successful learning particular NF protocol (see Weber,
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Kdberl, Frank, & Doppelmayr, 2011). This approashmotivated among others by the
following aspects: the different NF training prodts available, the time and effort
involved in performing such a comprehensive NFnirgg, as well as the rather high
number of non-responders (see Drechsler, 2011 hgBable to predict the successful
learning of self-regulation in a particular NF prool at the level of an individual

person may one day be used for choosing the apatepreatment for a person. In this

way, it may lead to more individualized NF trainiagproaches.

In summary, first of all an important question whiemains to be answered by
further research is which aspects of a NF trainiegefit the acquisition of self-
regulation abilities. Relevant aspects may be erotie hand the number and spacing of
training sessions as well as their duration. On dtieer hand, the precise training
procedure related to how to instruct subjects, twreto suggest the usage of cognitive
strategies and how to best provide feedback tdaeia learning and prevent regulation
via muscular artifacts remain important aspecteodsolved. In a next step, better and
more standardized methods are needed to allow fgwoal parameterization of self-
regulation abilities as well as predicting the sssful learning of particular NF

protocols.

5.6 The adaptive neurofeedback training

As outlined in the introduction (see 1.3.1.3 Clalicstudies: adaptive
neurofeedback training), various protocols of awaptNF training based on the
approach by Othmer and Othmer are being appliedenamid more in psychiatric
practices over the world. The present study wagitsestudy which set out to examine

adaptive NF training protocols in a well-controligesign.

For various reasons (see 2.1 Research objectitteegiresent study), the present
study was conducted with ‘healthy’ adults and nahwsychiatric patients, which is a
difference to the main fields of application of tehdaptive NF protocols. However,
based on the peak performance rationale of NFBppdication in healthy individuals is

also reasonable.

Some further differences of the adaptive NF trgnprotocols applied in the
present study compared to the Othmers’ approacé twatee acknowledged. In clinical

practice, electrode sites from which the feedbagkads for the NF training are derived
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are determined individually based on the specifitggn of symptoms of the patient to
be trained. In the present study, the selectiotramhing sites was based on the aim of
implementing a peak performance training targetitigntion and well-being. Thus, for
all participants of the ANF group, the same tragngites were used which was thought
to be a sensible approach for the field of peakopeance training. Furthermore, most
adaptive training protocols start the training #ess T3-T4. This protocol was also
implemented in the present study, which allows docertain comparability with its
application in clinical fields. The individual adjument of frequency bands trained has
been applied in a similar way as in clinical apgions of adaptive NF training, i.e. no
standardized frequency bands were used. Moreoweoyder to parallel the training
schedules of the other NF protocols used in thegmtestudy, a training session lasted
for about two hours and consisted of about 50 resaf neuroregulation. This is much
longer than the duration of training sessions a&ppin practice. In addition, in the
meantime the development of the adaptive NF trgiras applied by Othmer and
Othmer has moved on to mainly training in the ‘@fow” frequency range (Othmer,
2011) among others, and using multiple instead oflewband inhibits. The
considerations outlined above have to be kept mdrfor the evaluation of the adaptive

training protocol as applied in the present study.

Overall, for the ANF group, positive training effedn the domains of attention,
well-being / mood, and perceived stress were oleskewhich were comparable to those
of the theta/beta and SCP groups. In the domainsdnamd perceived stress, even a
slight advantage over the other training protoswés observed. However, the effects
fell behind expectations. As self-regulation contt be analyzed for the ANF group, it
remains unclear in how far this constitutes a dpeeiffect of ANF training. Effects
may also well be related to participants in the Agd&up, which in contrast to the other
NF groups, explicitly performed a training protoedhich they were told was intended
to positively affect their mood. In addition, effecomparable to the other NF groups
were observed for the ANF group on the neurophggioll level. Also after the ANF
training in contrast to the control training, basad effect size measures, a pre-post
increase in CNV amplitude was observed. In a smuilay as for the results related to
mood and perceived stress, also for the CNV finglitlge question of specificity

remains unresolved.
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A limitation of the results reported for the ANRitming as applied in the present
study may well be related to difficulties in thelividual and adaptive adjustment of the
reward frequency band. Training was started withrward band adjusted to 12 to 15
Hz. Every two minutes, the subjects were askedvaduate their current state on the
dimensions mood, concentration, and relaxatiomatihgs were not satisfyingly well,
the reward frequency was adjusted based on thesarassumption (see 1.2.3.3

Adaptive neurofeedback training).

However, while in some participants adjustmenthef teward band worked well,
it proved very difficult in others. In the latterapicipants, reward frequency was
systematically changed every two minutes acrosswhele frequency spectrum in
search for an optimal reward band. In some pasdit this was successful and an
optimal range could be determined. In other paudiots, it was temporarily successful

but then ratings decreased again.

A general problem was that participants became thexg. This phenomenon was
not specific to the ANF group, it was also obserirethe other NF groups. It may well
be related to the long duration of the trainingss®ss which were squeezed in between
the generally very busy time schedules of the gipgnts. But in the ANF group, the
observed tiredness may also be related to traitmiagong in a non-optimal frequency
band. A frequency band was trained for two minutesl the subjects were asked if
they perceived a change (this procedure of askwegyetwo minutes had been chosen
for reasons of standardization). Thus, reward feegy was changed at the earliest after
two minutes of training in this frequency bandséveral non-optimal frequency bands
were chosen in a row, this may have led to tiresiitkge to the enhancement of non-
optimal frequencies. When the reward band was tmamged towards a better fitting
reward frequency, participants may have had diltiiesi to recognize it out of such a

tired state.

Also in the SCP and theta/beta protocols, traimgréssion during training was
that neuroregulation was most difficult when papants were tired and that
participants hardly succeeded in overcoming thedhess by means of self-regulation
abilities. Also regarding the transfer to dailyeli§ituations, many participants reported
the most difficult situation being the transfer tifeir self-regulation abilities to
situations when they were tired but needed to cunate.
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Moreover, some subjects also had difficulties iffedentially perceiving and
rating their current state. As the adjustment ef tbward frequency band is based on
the subjective ratings of participants, this poaedifficulty. Arousal assumptions can
also be used to tackle the adjustments of rewandddasee 1.2.3.3 Adaptive
neurofeedback training), but in ‘healthy’ adultsems in this sense no symptoms are

assessed and treated, this may have been moutiénd in turn less successful.

A further limitation regarding the comparability thfe ANF trainings as applied in
the present study to clinical applications of strelning protocols may also be related
to a difference in EEG recordings. Instead of bpdeedback on a direct bipolar
interhemispheric montage like T3-T4, EEG was reedndith bipolar montages in each
hemisphere and feedback was based on the differeaicalated from these signals.
This procedure was chosen with the idea of beitey kble to analyze EEG measures in
each hemisphere and thereby gaining insights imoneuronal processes underlying
this training. Unfortunately, for technical reasdhs analysis could not be performed

and therefore such data are not available now.

One reason for performing the present study inlthgaadults and not in children
with ADHD was also given by first testing the applion of the ANF training in
‘healthy’ adults. The assumption was that theylstter able to report on the perceived
effects of training. Possible adverse effects of FAMaining were not explicitly
assessed, but the trainer impressions during migimegarding this aspect can be
summarized in the following way. As discussed abotedness was frequently
observed in participants. It may have been somewloaé frequent in the ANF group,
but as discussed above it was also perceived iotther groups. Apart from that, few
participants complained of a headache. But itficdit to say whether this was related
to the reward band-based feedback or whether itamasnspecific effect related to an
exertive and long training session. Also here, @#swot only observed in the ANF
group. As it was not systematically assessed, thssussion remains somewhat

speculative.
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But taken together, the impression is that no pnofb adverse effects were
observed. With respect to adverse effects, the Addining as applied in the present
study provides no evidence arguing against thei@djn in children with ADHD. In a
study by Lansbergen and colleagues (LansbergenDeagen-Boomsma, et al., 2011),
in which individualized (but not adaptive) NF protds were applied in children with
ADHD, a systematic assessment revealed no advdfeetseof NF. However, a
difficulty for the application in children with ADE may prove to be their often
observed difficulties in self-evaluation. Howevass adaptive training protocols are
applied in this field (see 1.3.1.3 Clinical studiadaptive neurofeedback training), this
seems to be no hindrance. Nevertheless, the dé@med in the present study do not
allow drawing conclusions on how effective adaptiv@ining protocols may be in
children with ADHD.

Overall, 1 still think that further development BF training should move towards
more individualized training protocols. In this pest, the ANF training approach is a
very interesting one. In the present study, somam@tdges of ANF training compared
to the control training group have been observeithvivere comparable to the other
NF protocols. But, especially with respect to wading / mood, the effects were much
smaller than expected. However, when judging thé-Afdining based on the results of
the present study, the above discussed differeioctt®e Othmers’ approach have to be

kept in mind.

Further research in the field of neuroscience im tiext decades may help to
provide a clearer understanding of the brain meashas related to specific mental
states and psychiatric conditions. Based on suectings, the individualization of
protocols may stand on a better basis, and choicaining sites and reward frequency
bands may be better grounded than at the presenentoYet, seen from a therapeutic
perspective the principle holds that what worksnteuThus, if the adaptive training
approach proves effective in further well-contrdiudies with patients with particular
psychiatric diagnoses, the understanding of theetlyidg mechanisms may well come

in a second step.
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6 Summary and conclusion

The aim of the present investigation was three:fiticdset out to examine the
effects of different neurofeedback protocols onlaeing / mood, to evaluate the
effects of an adaptive type of NF training, as wadl to shed further light on the
neuronal mechanisms underlying different NF pro®oeith respect to attentional

processes (based on ERP measures) and motor systéability (assessed by TMS).

Seventy-three ‘healthy adults’ were either allodate a theta/beta training, an
SCP training, an adaptive NF training, or a contralning. Overall, with respect to
specific results related to the NF protocols, tledoWving pattern of results was
obtained, mainly based on effect size measureseSafacts of NF training protocols
on well-being / mood were observed, but the reswise smaller than expected,
especially with respect to effects on attention. tAtee NF protocols were associated
with increased CNV amplitudes, i.e. improved reseuallocation during cognitive
preparation, which may have been specifically t@addy regulation abilities during
negativity trials of SCP training. The associatadreduced target-P3 amplitudes with
successful theta/beta regulation may indicatedéssitional resources needed for target
stimulus evaluation. Motor system excitability chges after theta/beta training
mimicked the results observed after a single ddéseethylphenidate in healthy adults.
The results obtained for the ANF group were comgardo those of the other NF
groups, although the expected advantage on welgbeimood became only slightly
visible. The effects of relaxation training in tA&lF group may have been reflected in

increased alpha activity observed after ANF trajrima resting state.

A clear limitation of the present investigationthe still rather small sample size,
even though it is in the larger range comparedtheropeak performance studies. This
posed a limitation to statistical analyses due dsoaiated relatively small statistical
power. In addition, the sample was more heterogené¢loan intended as quite some
participants with rather high overall psychologidédtress (but still within the norm)
have been included. This was the case, as it haekgrmuch more difficult to find
healthy adults who were interested and had enoumje to take part in this
comprehensive study than expected. An advantagerédrming the study in a patient
group would have been that it may have left momrdor improvement. In addition,
tasks used during assessment may not have bedrtad®eamine training effects. For

example, using the ANT version designed for chiidmay have been a too simple task
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when aiming at measuring peak performance. Alst waspect to the assessment of
EEG and TMS during a resting state, it is questima how far it can be expected that
training effects are displayed at rest. For analyzeffects of NF training the peak
performance domain it may be more suitable to aspesformance in tasks more
relevant to the participants, like it is being ddoe NF applications related to artistic
performance (see e.g. Gruzelier, 2009). Moreovegpie the discussed constraints
posed by the analysis methods, it has to be ackumyed that self-regulation was not
sufficiently learned, although some small hints pamssible specific training effects

could be observed.

Overall, some effort was spent to include an aa#@#ptnumber of participants in
the study, and finally 73 ‘healthy’ adults had cdeted the training and could be
included in the analysis. The investigation conemtighree different kinds of NF
protocols, which is not so commonly reported ierhtture. Even though not designed
completely in parallel to the NF trainings, thedstalso included a control group which
allowed controlling for some unspecific trainindests. Assessments were performed
on different levels and comprised self-report amdfggmance measures, analysis of
self-regulation abilities as well as ERP and TMSsuements. The present study was
the first study to investigate motor system exdiigbafter a comprehensive NF
training schedule. In addition, it was the firsidyt to examine the described kind of
adaptive neurofeedback protocol in a more compmiahienstudy. The present
investigation is also one of few in which effectsN- training on well-being / mood

have been examined.

Future studies including larger sample sizes arede@ to determine the
specificity of the effects related to particular [WFotocols as well as the latter’s effects
on well-being / mood. Moreover, examining whichtéas mediate a more reliable
acquisition of self-regulation skills, studying tledéfects of more individualized NF
training protocols, as well as assessing motoregysxcitability during self-regulation
can be considered relevant topics for future resear
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Appendix

A) Number of subjects: Self-report measures

All FQ SCP ANF Control
n n n n n

Brown Scale 69 18 18 18 15
POMS

dejection 66 18 17 16 15

fatigue 66 16 18 15 17

displeasure 67 19 16 17 15

vigor 69 18 18 17 16
EWL-N

concentration 69 18 19 17 15

deactivation 73 19 19 18 17

self-confidence 73 19 19 18 17

mood 73 19 19 18 17

sensitiveness 73 19 19 18 17

dejection 67 19 18 15 15
HAKEMP

AOF 71 18 19 17 17

AOP 72 19 19 17 17
Self-access 68 18 17 16 17
PSS 63 19 15 13 16

Note. Number of subjects included in each analysis after removal of outliers and considering missing data.
For a description of these self-report measures please refer to 3.2.3.1 Pre- and post-training assessments.
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B) Number of subjects: Performance measures

All FQ SCP ANF Control
n n n n n
Darts 54 18 19 17 17
Working Memory 54 19 19 16 17
ANT
Hits 65 17 16 17 15
RT/ RTV/ alerting/ 68 17 18 17 16

orienting/ conflict

Note. Number of subjects included in each analysis after removal of outliers and considering missing data.
For a description of these self-report measures please refer to 3.2.3.1 Pre- and post-training assessments.
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C) Number of subjects: Neurophysiological measures

All FQ SCP ANF Control
n n n n n
Resting EEG
Theta 67 17 17 16 17
Alpha 64 16 14 17 17
Beta 65 17 17 15 16
ANT
CNV 61 18 14 16 13
Cue-P3 61 15 15 17 14
Target-P3 (alert., orient.) 59 16 14 16 13
Target-P3 (conflict) 64 17 17 16 14
T™MS 40 10 09 12 09
Self-regulation 33 16 17 n.a. n.a.

Note. Number of subjects included in each analysis after removal of outliers and considering missing data.
For a description of these self-report measures please refer to 3.2.3.1Pre- and post-training assessments
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D) ERP data assessed during the ANT: CNV

CNV Pre Post

NeutralCue n SpatialCue n NeutralCue n SpatialCue n
FQ -2.06 £1.95 -2.91 +£1.57 -2.10+£1.38 -3.08 £1.78
SCP -2.51 £1.57 -3.28 £1.20 -251+151 -3.49+£1.20
ANF -211+1.73 -2.94+£2.23 -2.52 +1.53 -3.14 +2.29
CON -1.85+1.44 -3.16 £1.06 -1.46 £1.58 -2.34 £1.27

Note. Mean CNV amplitudes (and SD) for the different cue conditions (NoStress: n) at pre- and post-
assessment for each group

- CNV Pre Post
NeutralCue w SpatialCue w NeutralCue w SpatialCue w
FQ -1.48 £1.55 -2.41 £1.48 -1.78 £1.67 -3.26 £1.43
SCP -2.01£1.50 -3.36 £1.39 -2.65+1.33 -3.75+£1.04
ANF -1.68+1.72 -3.37 £1.67 -1.85+1.55 -3.22 £1.66
CON -1.72 +.76 -2.60+1.38 -1.05+1.40 -2.40 £1.07

Note. Mean CNV amplitudes (and SD) for the different cue conditions (WithStress: w) at pre- and post-
assessment for each group
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E) ERP data assessed during the ANT: Cue-P3

cueP3 Pre Post

NeutralCue n SpatialCue n NeutralCue n SpatialCue n
FQ 3.61+£1.55 4.85+2.23 3.31+1.59 4.70 +£1.60
SCP 3.57+1.95 474 +2.26 414 +£1.79 468 £2.31
ANF 3.29+2.23 5.51+2.13 3.49 £2.53 5.32+2.46
CON 3.45+2.16 4.33+1.92 4.00+2.12 4.00 +£1.96

Note. Mean cue-P3 amplitudes (and SD) for the different cue conditions (NoStress: n) at pre- and post-
assessment for each group

cueP3 Pre Post

NeutralCue w SpatialCue w NeutralCue w SpatialCue w
FQ 3.54+1.38 4.29 +2.27 3.64+1.77 4.37 +1.60
SCP 3.52+£2.09 5.28 +3.09 3.83+2.84 4.28 +1.99
ANF 3.94+171 4.66 +2.34 2.68 +2.02 5.13+2.54
CON 3.563+1.77 4.77 £2.20 3.85+2.00 4.49+184

Note. Mean cue-P3 amplitudes (and SD) for the different cue conditions (WithStress: w) at pre- and post-
assessment for each group
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F) ERP data assessed during the ANT: Target-P3 (co -in)

Targ.-P3  Pre Post

Congruent n Incongruent n Congruent n Incongruent n
FQ 11.19 +2.80 11.03 +3.38 10.84 +3.07 10.64 +4.13
SCP 11.82 £2.97 11.37 £3.70 11.24 +3.81 10.84 +4.38
ANF 11.67 £4.05 11.57 £3.60 11.93 £4.29 11.60 £4.30
CON 10.93 +3.46 10.52 +2.74 11.52 £3.92 10.62 +2.85

Note. Mean target-P3 amplitudes (and SD) for the congruent and incongruent condition (NoStress: n) at

pre- and post-assessment for each group.

Targ.-P3  Pre Post

Congruent w Incongruent w Congruent w Incongruent w
FQ 11.26 £3.53 10.82+£3.71 10.79 £2.69 10.80 £4.15
SCP 1159 £3.31 11.34 £3.65 10.74 £3.65 11.89 £3.79
ANF 11.93+3.88 12.13 £3.22 12.45+£4.42 12.13 £4.75
CON 11.47 £3.56 11.05+£3.70 10.61 £2.99 11.17£2.22

Note. Mean target-P3 amplitudes (and SD) for the congruent (co) and incongruent (in) condition
(WithStress: w) at pre- and post-assessment for each group.
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G) ERP data assessed during the ANT: Target-P3 (cu es)
Targ.-P3  Pre Post

NoCue n NeutrCue n SpatCue n NoCue n NeutrCue n SpatCue n
FQ 11.74 £3.31 11.75 +3.27 9.95+3.18 11.61+4.02 10.78 +3.36 9.09 £3.75
SCP 11.28 + 3.64 11.53+3.10 10.68 +£2.83 11.59 +4.76 11.99£5.07 10.70+3.73
ANF 12.54 +3.84 11.59+4.28 11.19+3.30 12.89 +5.19 11.45+4.44 10.90 £3.26
CON 10.67 + 3.58 10.86 +3.35 9.66 + 3.07 11.15+3.07 11.17+2.81 9.81 £3.29

Note. Mean target-P3 amplitudes (and SD) for the different cue conditions (NoStress: n) at pre- and post-

assessment for each group.

Targ.-P3 Pre Post

NoCue w NeutrCue w SpatCue w NoCue w NeutrCue w  SpatCue w
FQ 11.75+£4.17 11.27+£3.47 10.56 +3.01 11.67£3.72 10.98 £3.54 9.56 = 3.66
SCP 11.21+342 11.26+3.13 1052+3.28 11.63+3.51 10.96+3.74 10.87+4.18
ANF 12.69+3.87 12.27+3.45 11.05+3.72 13.45+4.37 11.90+4.52 11.00 £4.87
CON 11.12+2.37 10.75+£3.04 9.67 £ 3.38 10.72+£2.99 10.95+2.19 10.14 £3.29

Note. Mean target-P3 amplitudes (and SD) for the different cue conditions (WithStress: w) at pre- and
post-assessment for each group.



